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MPORTANT

User Information

To ensure that the equipment described in this user guide, as well as all the equipment connected to and used with it, operates
satisfactorily and safely, all applicable local and national codes that apply to installing and operating the equipment must be
followed. Since codes can vary geographically and can change with time, it is the user’s responsibility to identify and comply with
the applicable standards and codes. WARNING: Failure to comply with applicable codes and standards can result in damage to
equipment and/or serious injury to personnel.

Personnel who are to install and operate the equipment should study this user guide and all referenced documentation prior to
installation and/or operation of the equipment.

In no event will the provider of the equipment be liable for any incidental, consequential, or special damages of any kind or nature
whatsoever, including but not limited to lost profits arising from or in any way connected with the use of this user guide or the
equipment.

© Compumotor Division of Parker Hannifin Corporation, 1997
—AIll Rights Reserved—

The information in this user guide, including any apparatus, methods, techniques, and concepts described herein, are the propri-
etary property of Parker Compumotor or its licensors, and may not be copied, disclosed, or used for any purpose not expressly
authorized by the owner thereof.

Since Parker Compumotor constantly strives to improve all of its products, we reserve the right to change this user guide and
equipment mentioned therein at anyime without notice.

Technical Assistance  Contact your local automation technology center (ATC) or distributor, or ...
000000000000000000000000000000000000000000000000000000000000000
North America and Asia: Europe (non-German speaking): Germany, Austria, Switzerland:
Parker Hannifin Parker Digiplan Hauser Elektronik GmbH
Compumotor Division 21 Balena Close Robert-Bosch-Str. 22

5500 Business Park Drive Poole, Dorset D-77656 Offenburg

Rohnert Park, CA 94928 England BH17 7DX Germany

Telephone: (800) 358-9070 441-202-690-911 49-781-509-300

Fax: (707) 584-3793 441-202-600-820 49-781-509-176

FaxBack System: (800) 936-6939

BBS: (707) 584-4059

E-Mail: tech_help@cmotor.com
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USER GUIDE CHANGE SUMMARY

The following is a summary of the primary changes to this user guide since the last version
was released. This user guide, version 88-0116&L-8dpersedes version 88-01163F01

The entire user guide has been changed according to the new Compumotor user guide styles,
format, and illustration standards. Also, the chapters have been renumbered and reorganized.
Technical changes to each chapter are summarized below.

Chapter] Introduction is unchanged.
Chapter] Getting Started is unchanged.
Chapterd Installation

The following information was updated or changed:
O Programmable Input 1/0O drawing was changed
Chapterd Application Design

Chapterd ZXF Following is unchanged.

Chapter] Z Series Shunt Regulator
Chaptei] Hardware Reference

The following information was updated or changed:

O Typical Input & Output Circuit drawing was corrected

O Motor vendor information was deleted

O Corrected Data (Voltage Constant on Line 2 of Motor Specifications
Chapterd Maintenance & Troubleshooting
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How To Use This User Guide

This user guide is designed to help you install, develop, and maintain your system. Each
chapter begins with a list of specific objectives that should be met after you have read the
chapter. This section should help you find and use the information in this user guide.

Assumptions

This user guide assumes that the user has a fundamental understanding of the following
information.

0 Basic electronic concepts (voltages, switches, current, etc.)
0 Basic motion control concepts (torque, velocity, distance, force, etc.)

Installation Process Overview

To ensure trouble-free operation, you should pay special attention to the environment in
which the Z Drive equipment will operate. Environmental conditions include the layout,
mounting, and wiring and grounding practices used. These recommendations are intended to
help you easily and safely integrate the Z Drive into your facility.

Installation Procedures

Before you attempt to install this product, you should complete the following steps:

[l Review this user guide. Become familiar with the user guide's contents so that you can quickly
find the information you need.

[0 Develop a basic understanding of all system components, their functions, and
interrelationships.

[1 After you have read Chaptér and clearly understand what must be done to properly install the
system, begin the installation process. Do not deviate from the sequence or installation
methods provided.

[0 Before you customize your system, check all of the system functions and features to ensure that
you have completed the installation process correctly.

The successful completion of these steps will prevent subsequent performance problems and
allow you to isolate and resolve any potential system difficulties before they affect your
system.

Contents of This User Guide

This user guide contains the following information.

Chapter O This chapter provides a description of the product and a brief account of its features.

Introduction

Chapter O This chater contains a detailed list of iterpsu should have received wigiour ZX shpment.

Getting Started It will help you become familiar with the system and ensure that each component functions
properly.

Chapter [ This chapter provided instructions for you to properly mount the system and make all

Installation electrical and non-electrical connections. Upon completion of this chapter, your system
should be completely installed and ready to perform basic operations.

Chapter O This chapter provides additional information that will help you customize the system to meet

Application your application's needs. Important application considerations are discussed. Sample

Design applications are provided.

Chapter O This chapter discusses the following capabilities of the ZXF Drive.

ZXF Follower

Chapter O This chapter contains information on the shunt regulator option for ZX/ZXF Drive/Indexers.

Z Series Shunt Installation instructions, dimensions, and selection criteria (400W version vs. 800W version)

Regulator are included.

Chapter O This chapter contains information on system specifications (dimensions and performance).

Hardware This chapter may be used as a quick-reference tool for proper I/O connections.

Reference

iv ZX/ZXF Indexer/Drive/Follower User Guide



Chapter O This chapter describes Compumotor's recommended system maintenance procedures. It also
Maintenance & provides methods for isolating and resolving hardware and software problems. Diagnostic error
Troubleshooting ~ codes are listed.

Conventions

To help you use this user guide effectively, conventions used throughout this user guide are
explained here.

Commands

All commands that you are instructed to enter are shown in capital letters. The &yrithol
the ZX Indexer/Drive command prompt. The command is shown in boldface. A delimiter
(space or carriage return) is required after each command. A description is provided next to
each command example.

Command Description
> CCA20.00 Sets average current limit to 20.00A

The system ignores command syntax that is not within the valid range for a specific
command. A? prompt will be returned by the drive when the last command entered was not
understood, or a parameter limit was exceeded.

Related Publications

The following publications may be helpful resources.

O Seyer, Martin. RS-232C Made Easy: Connecting Computers, Printers, Terminals and
Modems. Englewood Cliffs, New Jersey: Prentice Hall, Inc., 1984

O Current Parker Compumotor Motion Control Catalog
0 Manual for the IBM or IBM-compatible computer that you may use with the Z Drive

O Schram, Peter (editor)The National Electric Code Handbook (Third Edition) Quincy, MA:
National Fire Protection Association

Contents Vv






C H A P T E R

Introduction

The information in this chapter will enable you to:
O Understand the product's basic functions, features

Product Description

The ZX Series servo system incorporates all the functions of a high-level indexer with the
power of a Z servo system. The ZX is a brushless servo positioning system that includes a
brushless servo motor, brushless resolver feedback, a digital signal processor (DSP) based
closed-loop drive amplifier, and a powerful X language indexing system.

The ZX has Compumotor's latest X language enhancements. It offers registration and
complex segmented-move capabilities. The ZX provides PLC communication and
thumbwheel input functionality with its seven inputs and four outputs. The ZXF also
provides position and velocity following capabilities.

U Helpful Hint: The ZX's servo drive uses a DSP and a sophisticated servo control algorithm for superior
ZX's are configured atthe  closed-loop performance. The control loop is closed around the motor shaft. The motor's
factory as packaged resolver provides position feedback. All servo performance parameters are stored in battery-

systems that compensate . . -
for your typical load and backed memory. You do not have to make analog tuning potentiometer adjustments that

performance conventional systems require.

requirements. o . . . .
The ZX's power amplifier section uses a rugged, bipolar 7 kHz pulse width modulation
(PWM) sinusoidal current control scheme. This construction improves reliability, power
regulation, and low-speed smoothness.

Product Features

The ZX provides the following flexible programming features.

O One registration input that is given the highest priority
0 Calculation delay times for motion as low as %60
O A complex motion profiling system that allows you to:
» Change velocity based on distance without stopping
» Change distance, or turn on outputs on-the-fly
O High-level programming commands such as:
* IF/THEN/ELSE/WHILE
* REPEAT/UNTIL
+ GOTO AND GOSUB
0 Complex evaluations such as checking input levels, error conditions, boolean evaluations, and
variable comparisons for basic programming branching decisions can be made
O An output can be configured to provide pulse and direction to second axis to control velocity
and distance
0 PLC functionality and interfacing capability using the 7 inputs and 4 outputs

Chapter O Introduction 1



The zX provides the following hardware and performance features.

O Brushless servomotor

O Brushless resolver feedback

O Torques to 9,000 oz-in continuous (18,000 oz-in peak)

O User programmable resolutions from 200 - 65535 steps/rev

O Multi-processor control: no drift, no analog pots to adjust

O Fan-cooled compact drive enclosure

0 7 kHz PWM switching frequency

O Analog ¢&10V) output monitor for either velocity or torque

O Various parameters factory-set and stored in battery-backed RAM (random access memory)
O High-noise immunity due to optical isolation and brushless resolver technology
O Simple pushbutton adjustment of servo gains

O Alphanumeric display for fault and servo data

Following Option (ZXF)

The ZXF option can perform velocity following and distance following movedaitoaving
ratio. The ZXF can follow from an incremental encoder.

You can program the ZXF for following applications with its command language and report
back/verification feature. You can enter following ratios via thumbwheels and change them
on-the-fly.

You can perform preset moves at a specified velocity ratio. You can perform registration
moves while in the Following mode. Registration moves can either follow at a ratio of the
master velocity or be executed in the standard motion modes. The ZXF can jog the motor in
Following mode to help set up a system. You can change the following ratio incrementally
with the UP andDOWN pushbuttons on the front panel.

You can use the ZXF's special Synchronization mode to compensate for system errors (e.g.,
stretching in a web processing system).

Following The Model ZXF provides the following additional features:

Option Features [ controls a speed based on a ratio of a primary axis speed
O Makes preset moves at a velocity ratio of a primary axis
O Synchronizes speed to a primary axis based on registration marks on material
O Changes following ratio and other functions based on the encoder position of a primary axis
(Cam Following

Theory of Operation

The ZX's microprocessor-based indexer generates position set point commands that are sent to
the ZX's DSP to control the drive. The ZX's DSP reads its actual position from the motor's
resolver and compares it with the commanded set point. Any difference between the actual and
commanded position creates a positional error. The drive converts this error into a commanded
torque to correct the positional error.

The figure below illustrates three major components of the ZX Indexer/ Drive digital servo
system: the servo motor, the drive, and the resolver.

2 ZX/ZXF Indexer/Drive/Follower User Guide



Communication —|— g Microprocessor-based
(RS-232C, front Indexer

panel, I/0) @

Digital Signal m | Digital-to-Analog
Processor (DSP) ! > Converter

T

Resolver - to -Digital
Converter -t

SERVO
A MOTOR

RESOLVER

ZX Indexer/Drive Digital Servo System

The ZX motor family consists of brushless, 3-phase, AC motors. The figure below

illustrates the basic construction of the ZX servo motor. The permanent magnets are securely
held in place by metal bands and composite fiber materials to allow high-speed performance.
The rotors are precision-balanced, which provides low- and high-speed smoothness. The

windings are located in the outer portion of the motor (stator). ifi$iide-outconstruction

allows better heat dissipation than conventional brush-type motors. As a result, higher

continuous torque and horsepower ratings are achieved for a given motor size.

Rotor

)
o

Stator
Windings

Stator Lamination

4-Pole Brushless Motor

Brushless DQGnotorsproduce a trpezoidal EMF (Electro-Motive Force) waveform. ZX Drive
motors aréorushless AGnotors thaproduce sinusoidal back EMF waveforms. These motors

provide smoother low-speed operation than trapezoidal motors.

The ZX Drive is a Jhase inverter that controls the @litude, frequeng, andphase of eachfo
the three motor stator currents. Controlling the current amplitude relates directly to the

magnitude of the torque being generated. Since the matpnéhronouscontrolling the

frequency of the stator currents controls the mechanical rotation of the shaft. The following

equation describes this relationship.

Chapter O Introduction




4

We =Wy * (P/Z)
we = Electrical frequency of the stator currents

wr = Mechanical frequency of the shaft

(P/2) = Number of motor pole pairs
Controlling the phase of each of the motor's stator currents ensures balaphade3geration
and minimizes torque ripple. Actual motor currents are sensed, and the current is adjusted
using pulse width modulation. A single-speed, brushless, pancake-type resolver provides
feedback. The figure below shows the resolver mounted directly to the motor shaft. This
eliminates the need for internal coupling. The resolver stator windings are mounted to the
motor housing.

Resolver
Stator
Housing

Resolver
Rotor

Resolver Mechanical Drawing

The figure below shows the resolver's internal windings. S1/S2 and S3/S4 are stator
windings. R1 and R2 are rotor windings. When a voltage is excited in the rotor winding, a
voltage is induced in the stator windings. The stator (S1/S2 and S3/S4 ) phase voltages are
compared to obtain a digital valu@r) representing the motor shaft's physical position.

S1 ( )— R1
o ([ J (] o O
4_} 5 Resolver
2 O r Rotor O
Resolver
| .| Stator

sab 634

Resolver Electrical Drawing

ZX/ZXF Indexer/Drive/Follower User Guide



Getting Started

The information in this chapter will enable you to:

O Verify that each component of your system has been delivered safely
O Properly configure andheck outthe system

What You Should Have

Inspect your ZX shipment upon receipt for obvious damage to its shipping container. Report
any damage to the shipping company immediately. Compumotor cannot be held responsible
for damage incurred in shipment.

| Part/Quantity | Available Types \
ZX or ZXF Drive ZX600 (120VAC or 240VAC) or ZX900 (240VAC)
Motor ZX605, ZX606, ZX610, ZX620, ZX630, ZX640,

ZX805, ZX806, ZX810, ZX820, ZX830, ZX840,
ZX910, ZX920, ZX930, or ZX940

Motor Cable 25 ft., 50 ft., or 100 ft.
Resolver Cable 25 ft., 50 ft., or 100 ft.
ZX Drive User Guide 88-011631-01 D
ZX Software Reference Guide 88-011798-01 E
Ship Kit (ZX System)
| Part/Quantity | Available Types
ZX Drive or ZXF (1) ZX600 (120VAC or 240VAC) or ZX900 (240VAC)
ZX Drive User Guide 88-011631-01 D
ZX Software Reference Guide 88-011798-01 E

Ship Kit (ZX Indexer/Drive Only)

Drive/Motor Configuration

Compumotor configures ZXs according to the motor that you oifigou purchased the ZX

to run 600 Series motors (ZX605, ZX606, ZX610, ZX620, ZX630, and ZX640), it will not
run 800 Series (ZX805, ZX806, ZX810, ZX820, ZX830, and ZX840) or ZX900 series motors
(ZX910, ZX920, ZX930, and ZX940). All ZX Series dmwvest be run with the same ZX
Series motorsYou can determine which motor you have by checking the model numbers on
the drive and motor labels.

The ZX600 and ZX800 are available inl20VAC versionand a240VAC version
The ZX900 Drive is available in 240VAC version only.

Chapter [ Getting Started 5



U Besure you have the
drive version you ordered
before you connect power to
the drive. The model
numbers on the drive and
motor labels identify the 3-
phase input power level
(120V or 240V). The model

numbers must match . Prod: ZX640-240V-25

ZX Drive Label

Compumotor Motor Label
Ser 91071700329

Ser 91071700329

ZX640-240V-25

Product Labels

ZXIZXF Front Panels

The front panels for the ZX and ZXF are differefthe ZX's front panel is used
throughout this user guide to demonstrate wiring instructionsThe ZXF's
front panel will be shown when following functions are described

ZX Indexer/Drive ZX Indexer/Drive w/ Following

Compumotor Compumotor

5

2 X SERIES

BRUSHLESS

SERVO DRIVE BRUSHLESS

SERVO DRIVE

000000000

[00000000000000]/00000000000000|
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240VAC | PHASE 2 240vaC | prase2| @
3 PHASE 3 PHASE
Q PowEr 50/60 Hz PHASE 3 Q PoweR 50/60 Hz PHASE 3 @

O CPU READY EARTH O CPU READY EARTH @
Q raur Q raur
110 [2] 110 [2]
0000000000000 0000000000000
123456 78010111213 123456 780910111213

MOTOR MO"I'OR
|

A B C  EARTH |
(ORG) (BLU) (GRY) (GRN)

[@ @ @ @] [@ @ @ @]

Front Panels—ZX and ZXF
Check-Out Procedure

This section provides a basienchtestof the ZX. You must complete the steps in
this chapter before you permanently install the ZX and connect the motor to
its intended load.
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Air Flow

Air Flow

!

Alphanumeric
Display

Terminal
Connector

110 [2]
Screw Terminal
Connector (Resolver)

Motor Airflow
| t
Connectors Pgsv%r
ZX600/Z2X800 Bench Test

Air Flow

11 LU

Alphanumeric
Display

Pushbuttons

1/0 [1] Screw ——
Terminals i

Status LEDs — |8

110 [2]
Screw Terminals

Air Flow

Motor and Power
Connections

ZX900 Bench Test
Tools

To complete the Check-Out Procedure, you must have the following tools:

O Phillips-head screwdriver
O Large flat blade screwdriver
O Small flat blade screwdriver
O Power cable
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Step O Connect the resolver cable between thelZ{2] connector and the servo motor as shown
in the following figures (for ZX600/Z2X800 or ZX900).

Compumotor

5
=

REAR VIEW
OF MOTOR
X SERES
W
MO TOR RESOLVER Ccw BRUSHLESS
CONNECTION CONNECTION SERVO DRIVE

HM
1L

() [

‘OOOOOOOOOOOOOO OOOOOOOOOOOOOO‘

Resolver PHASE 1 ®
Cable O rower
[_I— O crurnoy 20w PHasE2 | @
O raur 50/60 He PHASE 3 ®
Vo (2] EARTH 0
123456 78910111213
. MoToR
A prewired cable e
. . A B C EART H
is provided ©R®)  BLY  GR) GRY)
QO 2
ZX600/800 Resolver Cable Connection
Compumotor

5
=

> ENTER
REAR VIEW S,
OF MOTOR g_
MOTOR RESOLVER G 2 X seres
CONNECTION CONNECTION

cw
Scw BRUSHLESS
SERVO DRVE

‘OOOOOOOOOOOOOO OOOOOOOOOOOOOO‘
I
<

o1
Resoalver gg
Cable o4
G
( SHLD
[
L 900 series
Resolver Cable Pin Out O rowm
Pin # Function Color 8 CPUREADY
1 Shield — PUT ot
3 Stator 2 Black
4 Stator 3 Green 123456 78910111213 ;J(;A\I/i%
5 Stator 4 Blue MOTOR ity
6 ROtor 1 BrOWn ! A B : C EARTHHPHASE PHA'S‘E PHASE !
7 Rotor 2 White (ORG) (BLU) (GRY) (GRN) 1 2 3 EARTH
8 Motor Temp (+)  Yellow l@ OO0 OO0 0N © Ilﬂ!
9 Motor Temp (-)  Orange

ZX900 Resolver Cable Connection
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Step 0 Connect the cable between the ZX motor connector and the servo nidaich the color of
the wire with the proper terminal.

WARNING

Never disconnect the motor cable with the power on. The motor produces lethal
voltages. Be sure the motor is properly grounded to reduce the chance of electrical
shock.

Compumotor

REAR VIEW
OF MOTOR

B+
MOTO RESOLVER B-
CONNECTION CONNECTION E:BW SERIES
CCW BRUSHLESS
SERVO DRIVE

‘OOOOOOOOOOOOOO OOOOOOOOOOOOOO‘
I
<

PHASE 1

PHASE 2
- s

QPOWER  io | PHASE3
O o urenor

Q FaULT o )

©0000 00000000

1234 56 7809 10111213

MOTOR

(ORG) (BLU) (GRY) (GRN)

Q0 DD

EARTH

AN NSIY

Motor
Cable

ZX600/800 Motor Cable Connection

Compumotor

% HJL
REAR VIEW & N
OF MOTOR N
B+
MOTOR RESOLVER & 2 E’S SERIES

CONNECTION CONNECTION

CW ~ 'BRUSHLESS
CCW  SERVO DRIVE

‘OOOOOOOOOOOOOOOOOOOOOOOOOOOO‘
I
4

Resolver
Cable

O v 2900 Series

O crurenor
L O Fanr

110 [2)

1234 5678010111213
1

POWER
240 VAC
3Phase
5060 Hz

MOTOR
1

A B C ERTH
(ORG) (BLY) (GRY) (GRN)

| R 000 00 Q Olrem
Motor "’

Cabe

L
PHASE PHASE PHAS E
1 2 3 EARTH

ZX900 Motor Cable Connection
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10

Step O

Step O

Measure and verify your incoming 3-phase 240VAC (20VAQ line with a voltmeter. Connect,
but do not energize The ZX is designed to operate best on a balanced 3-phase input.
Additional wiring options for this connection are providedhapterO Installation

WARNING
Be sure the drive is properly grounded to reduce the chance of electrical shock.

3-Phase
240VAC
HASE 1
Resolver PHASE 2 @ Input Power O
_Cable __ 3ue @]
| | O POWER sootz | Prases | @)
OcPUREADY et | A
O Faut
] o (2]
OR
123456 78 910111213 NO CONN. ®
MOTOR 92-132
1 VAC e @
A B C  EMRTH 1 PHASE
(ORG) (BLU (GRY) (GRN) 50/60 Hz NEU TRAL @
) © EARTH | @
Motor
Cable

ZX600/800 Power Cable Connection

Resolver ‘. 90 0 Series g
Cable Oroner

O cruremy
Oravr
Vo 2] 3- Phase
T:aa e rae wiimas R Input
I—|—' 240 VAC Power
MOTOR 3Phas e 50/60 H
|
I i |
A B C EARTH PHASE PHASE PHASE
(ORG) (BLY (GRY) (GRN) 1 2 3 EARTH
Motor
Cable | Q90 00 80 O O

ZX900 Power Cable Connection

Connect a terminal to the RS-232C connedit®[(] ) using theRx (receive),Tx

(transmit), ands (ground) connections. The basic communications parameters are listed
below:

0 Baud Rate: 9600 0 Parity: None
0 Data Bits: 8 O Full Duplex mode
O Stop Bits: 1

Refer to the operations manual that accompanied your terminal for instructions on setting the
communication parameters listed abov€hapterD Installation provides detailed RS-
232C information for the ZX
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Compumotor

5
=

+5V

ENBL

a LT[
TX
ANV
A+
A-

B+
B- 2 X SERIES

G
Gw  BRUSHLESS
écw  SERVO DRIVE

. - —=8
AHEERRRRRRRREROOO AR

OOOOOOO&&&OOOO‘

RS-232C Connection

Be sure that the ZXBENBL input (/O [1]) is jumpered to groundThe ZX is shipped
with the ENBL input grounded

If you use a host computer to send characters to the ZX via RS-232C at a high rate, you may
need to insert time delaypdcing characteryto ensure that the ZX has enough time to
process each character. The ability to set a variable time delay is available in most terminal
emulator packages.

Step O Apply power to all system components now The following response should appear
on the terminal:

*READY
>

The following response should appear on the ZX's 4-digit display:
OK

Step O You must now disable the hardware limits. Type the following command to disable the
limits: > LD3

To check the state of your hardware limits command, enter the following commanid®
You should receive the following respons&_No_Limits_Enabled

Step O Enter the following commands to move the motor 25,000 steps.
Command Description
> Alg Sets acceleration to 10 rps2
> AD1g Sets deceleration to 10 rps2
> V1 Sets velocity to 1 rps
> D25000 Sets distance to 25,000 steps
>G Initiates motion

Since the default drive resolution is 5,000 steps/rev, the motor should have moved 25000
steps or 5 revolutions.

This completes the basic configuration tests. The successful completion of
this test means that you wired the resolver, motor, terminal (optional), and
power connections correctly. The components of your system are
functioning properly. If the motor does not move as commanded, check
your connections and try the test again. In Chaptér you will install and
test the rest of your system's components.

ZXF Option

The ZXF can be used as an indexer. However, the ZX caarform following functions. The
ZXF is configured as an indexer when you receive it from the factory. You can use software
commands to enter or exit the Following modeChapter Installation encoder installation
and use of the Following mode are explain€tapter] Application Desigrprovides some
practical examples of Following mode operation.
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Installation

The information in this chapter will enable you to:

O Mount all system components properly
O Connect all electrical system inputs and outputs properly
O Ensure that the complete system is installed properly

You must complete the Check-Out Procedure inChapter O Getting Started
before proceeding with the permanent installation process.

Environmental Considerations

You must consider the environment in which your system will be operating. Proper
mounting, wiring, and grounding will ensure trouble-free operation. The ZX is designed to
operate in an industrial environment; however, severe atmospheric contamination, electrical
noise, or temperature extremes can affect performance of the sySmamate the drive

and motor within its designed specifications.

Compumotor recommends that you operate and store the ZX in the following conditions.
Storage Temperature: -4C°F to +185F (-4C°C to +85C)

Operating Temperature: 32°F to 122F (0°C to 50C) With adequate air flow (10 cubic feet per
minute)

Complete System Configuration

Drive Mounting

Safety is the primary concern when installing any motion control system. This chapter
provides installation guidelines that are designed to preserve the safety of the operator and the
equipment. You should install all Compumotor hardware in conformity with local and

national electrical and safety codes.

This chapter provides detailed instructions on all aspects of the ZX's installation and
configuration. Once the system has been properly installed and initial adjustments are made,
there should be little or no adjustment required to maintain normal operation.

LI The National Electrical
Manufacturers Association
(NEMA) has established
standards that define the
degree of protection that
electrical enclosures
provide.

The zZX should be installed in an enclosure that will protect it from atmospheric contaminants
such as oil, metal flakes, moisture, and dirt. Industrial application environments may contain
airborne contaminants, so the enclosure used should conforiBbA TYPE 12 standard
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The ZX mounting bracket is notched with keyhole type slots to accept screws on either end
for flat panel surface mounting. Refer to the figures below for drive dimensions and keyhole
slot locations. Use 10-32 or 1/4 x 20 screws into captured nuts to mount the ZX in a panel
mount confguration. Use lockig type fasteners tprevent the ZX from comuploose due to

vibration.
B
« 3
4.05
13.55 - 0.40 325
- 11.45 > -
T s &
i
T A
]
ooo
8 8
" g
8
= B
1 |
s
9 g
3 o
© —
\ 00 0O
U b &
20.70
ZX600/ZX800 Indexer/Drive Dimensions
A
g
L 7.60 \
13.55 > 1.18 | 5.25 |
1145 ol 025k ‘
T4 4
i
B
]
o oo
2 2
Al g
3 2
3 S
© 1
Y 00000000
[ T8 (S

ZX900 Indexer/Drive Dimensions
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Panel Layout

Proper panel layout is essential to ensure sufficient cooling of equipment within the
enclosure. The ZX is fan cooled. It is designed to operate at its rated speed and torque
specifications in a 3ZF to 122F (0°C to 50C) ambient environment. Whewou desgn your

panel layout, allow sufficient space for unrestricted airflow through each drive. Since the fan
draws air upward over the heatsink, the air directly beneath the unit must not excéed 122
(50°C). The ZX has two temperature sensors. One sensor is mounted to the heatsink—the
other is mounted to the control board circuitry. If the drive overheats, the front-panel display
will provide an error message.

) Enclosure
- Air Flow
. 4"
Air Flow
" " i
/ i zX <1_, zx | | ZX
Drive Drive Drive | =—fm— .
#1 # W | 4 AIr
g
" A
5}
ZX i é
Drive -
#4 £
—__—— Air (filtered)
4"
. Panel Layout
Airflow

ZX Air Flow and Panel Layout Guidelines

The ZX produces heat, which must be dissipated. The ZX600/2X800 may generate as much
as 500 watts (the ZX900 can generate 750 watts) when it is operated in continuous duty at
maximum current. The actual dissipation will vary depending on the application duty cycle,
motor size, and load inertia.

Observe the following rules when mounting ZX systems in an enclosure:

0 The vertical distance between the ZX and other equipment, or the top and bottom of the
enclosure, should be no less than 4 inches.

O The horizontal distance between the ZX and other equipment, or the side walls of the enclosure,
should be no less than 1 inch.

0 Large heat-producing equipment (such as transformers) should not be mounted directly beneath
the ZX.
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Motor Mounting

Mount the motors with the four flge bolts that are on the front fagte. Center the motor
with the pilot on the front face. The subsequent figures contain dimensional information for
ZX motors (Z600, Z800, and Z900 Series).

A 0.003 TIR| (0.08)
< A >
1.18 + 0.02 Max.
<>
(30.0+0.5) 0.69 (17.5) (&>
«— B

>l 012(30)
0.78 (19.8) min. s
(©)| A0.003TIR + [«———— 04412 }L
(0.08) X ‘ /t T T
N—
3150 gy . N v 3077(7816) 3167 (80.44)

. A el ___l_____ e e
00009 F L 3075(7811)

+0.012

3.165 (80.39)

'

<
<

(80.00

-0.007

) 0.3932 (9.987)
M5 X 0.8 Tap X 0.39 (10.0) Min. DP. (4) holes 0.3922 (9.962)

0.551 +0.0003
' o000 equally spaced on 3.937 (100.0) Diameter B. C.

(14.00 12598
-A- Motor A Max B + 0.06 (1.5) Motor | C Max D Max
~ 0.0014 Z605 | 9.30(236.2) 4.87 (123.7) 605 | 3.14(79.8) |2.56 (65.0)
: 7606 | 10.86 (275.8) 6.42 (163.1) 606 | 3.14(79.8) |2.56 (65.0)
(0.035) Z610 | 12.42 (315.4) 7.23 (183.6) 610 | 3.42(86.8) |2.62 (66.5)
Dimensions in inches (mm)
Resolver Note: Add 1.59 (40.3) to length "A" for brake option
Thermostat
Receptacle Motor
4 Receptacle
(N7
L)) 0307 .00
0.196 (4.97)
C

O

+0.197

3.62 -0.000
(92.00%%9)
Square

e

]
N

B.276 ‘5o (@7.00 ‘55 ) Dia. thru four holes equally
spaced on @3.937 (£100.00) Dia. B.C.

0.433 (11.00)
0.429 (10.90)

O

®

Keyway Detail

ZX Motor Dimensions (Z605 - Z610)
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1.457 (37.00) min.

A 0.004 TIR

©

(0.10)

4.331 0%

>

A0.004TIR | (0.10)

“ A

Max.

«—— B
<« 0.14(3.50)

0.69 (17.5)

A
\4

<« — 049(125)

A

g
>
|

]
_ v 4.006 (101.75)  4.103 (104.22)
F 4.004 (101.70)  4.101 (104.17)

~1 |

i

+0.15

4.53 -0.00

.

%

(115.00 38

N

O
*~O

0.3932 (9.987)
0.3922 (9.962)

Motor | A Max B +0.08 (2.0)
7620 |12.55 (318.8) 8.30 (210.9)
7630 |14.65(372.1) | 10.41 (264.3)

Dimensions in inches (mm)
Note: Add 1.91 (48.5) to length "A" for brake option

0.3149 (8.000)
0.3135 (7.964)

(110.00 30913
‘ L
0.9449 5552 M5 X 0.8 Tap X 0.55 (14.0) Min. DP. (4) holes
(@24.00 10009 equally spaced on 5.188 (130.0) Diameter B. C.
. -0.004
-A-
}‘ 0.0016
(0.041)
Resolver
Thermostat
Motor
Receptacle Receptacle
Y »
1 @
3.98 +0.08
(101.00 +2.0) 3.04
(77.10)

0.787 (20.00)
0.780 (19.80)

Keyway Detail

3.369 - @.354 (9.36 - 9.00) Dia. thru four holes equally
spaced on @5.118 (130.00) Dia. B.C.

ZX Motor Dimensions (Z620 & Z630)
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| _|A0.004TIR

(0.10)

14.78
O £9.02 > (367.8) Max

A4

a
2
A

y

0.69 (17.5) >

8.17 +0.08
(207.6 +2.0) >

-
» l«— 0.14 (3.50)
1457 37.00)min. lesl ||

@ A0.004 TIR < 071(18.0) SEnE S |
(0.10) i =

g f T

N—
5.118 0900 = Y 5006 (127.15)  5.103 (129.62)

(130.00 o4 ]r 5.004 (127.10) 5.101 (129.57)

PO D - !

||
>

|

|

|
-

0.0003 0.3932 (9.987)
0.9449 o002 M5 X 0.8 Tap X 0.55 (14.0) Min. DP. (4) holes 0.3922 (9.962)
(24.00 *0999 equally spaced on 6.457 (164.0) Diameter B. C.
-A-
N 0.0016 Motor | A Max B +0.08 (2.0)
(0.040) 7635 | 11.78 (299.2) 5.47 (139.0)
2640 |14.78 (375.4) 8.17 (207.6)
-ﬁ?:ﬂ:’ggtat Dimensions in inches (mm)
Motor . wp o ;
Receptacle Receptacle Note: Add 2.22 (56.4) to length "A” for brake option

0.3149 (8.000)
5.23 +0.08 T <™ 0.3135 (7.964)
+2.0)
3.93
(99.8)

\
5.59 %3
(142.00 33

N
%

0.787 (20.00)
0.780 (19.80)

*~O

Keyway Detail

@.433 (11.00 ) Dia. thru four holes equally
spaced on @6.496 (165.00) Dia. B.C.

ZX Motor Dimensions (Z635 & Z640)
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1

2)

0.875 DIA
(@22

A

3.94sq. 0%

(@ 100)

+0.0000
0.0004

37402+ *0
. +0.0000
(@95) x 0.0009

4528 DIA.
(2115)

See Table (Dimension A)

. 0.374 Hole Thru
(99.5) 4 PLCS

o g 1.57 $0.02

3
2

T (a0:05)
TS D s [ g
i : 012 °
< ~ 3 8y o
o g © g5gz
gy - f3|%
gv —r v o

0.7480 #:

(219) +:

.

1.48
(37.5)

Motor Dimension A Dimension (mm)
Z805 6.65 (169)
7806 8.39 (213)

ZX Motor Dimensions (Z805 & 806)
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20

(240.9)

L J 1.610 DIA

-0.0004

3.7402 +: +0.0000

(295) +:

+0.000
-0.009

4.528 DIA.

(2115)

\

0.374 Hole Thru
(29.5) 4 PLCS

See Table (Dimension A)

« 0.511
(13)

0.91

(23.1)

> |l 1:5730.02 o
(40 +0.5)
0.69 <
(17.5) > &)
3.78 0.12
(96)

(©)

+0.0000
0.0002

> ‘

0.875DIA. | _
(@22.2)

B

. +0.000
-0.004

07480+ 0
(@19) +

-

1.48
(37.5)

o 0.441
(11.2)

Motor

Dimension A

Dimension (mm)

Z810

10.12

(257)

ZX Motor Dimensions (Z810)
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\
HEERE
S| O o =
el T 3|8
| ©
+H +H
S 2
3|8
RS
wn =
__ 0.453 Hole Thru
(211.5) 4 PLCS
- See Table (Dimension A) - 1.97 £0.02,
(50 0.5)
0.91 > 3.78
@.1) (%) _ 069 | :
as | <
> 0.16

4

+0.0000
0.0002

1.610 DIA.
(240.9)

. +0.000
0.004

=\

i

- r—»
\
0.9449 +
o (224) +

0.875 DIA.
(©22.2)

0.441 1.85
(11.2) (47)
Motor Dimension A Dimension (mm)
7820 10.79 (274)
7830 12.91 (328)
7840 15.04 (382)

ZX Motor Dimensions (Z820, 830, & 840)
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22

/!
32
’\AA I
o] 5|8 918 .
c Sls 3l= 60
=) y
[o3ks) N
I4lS
0.177
(4.50)
0.394 MIN.
(10.00)
0.551 MIN.
- >
(14.00)
Keyway Dimensions for Keyway Dimensions for
ZX805, ZX806, and ZX810 Motors ZX820, ZX830, and ZX840 Motors
<
<o <
oy o _ e ©
3|8 o & 52 gle
S} © ~| S
o
Y N ---e=m)--4 [ H
1.259 L 0.118 1.603 ‘
@2) T @ 0.984 0.118 0.846
(21.5) (025) ©) (21.5)

ZX800 Series Motor Shaft Dimensions
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1.457 (37.00) min. |<»

| |A0.004TIR

(0.10) 14.65
Sy - A :
e 0.69 (17.5) <>
10.41+0.08

-~
(264.3 +2.0) >

<« 0.14(35)

@ A 0.004 TIR

<« 049 (125) SRR .

(0.10)

(110.00

N—

4.331 +0.0005 —— v
] il

A

o004 A
N

Note: Add 1.91 (48.5) to
length "A" for brake option

! | 1L

‘V
|
|
|
|

+0.013
-0.009

T T

4.006 (101.75) 4.103 (104.22)
4.004 (101.70) 4.101 (104.17)

} I

0.393
0.9449 5goor M5 X 0.8 Tap X 0.55 (14.0) Min. DP. (4) holes 0.392
(24.00 #0999 equally spaced on 5.118 (130.0) Diameter B. C.
-A-
}‘ 0.0016
(0.041)
Resolver Motor
Thermostat Receptacle
Receptacle

3.98 +0.08
(101 +2.0)

A

an
)

=)

2 (9.987)
2 (9.962)

0.3149 (8.000)
0.3135 (7.964)

JQ

@710) | O
i /@ 453 3

(115.00 38
A
0.787 (20.00)
0.780 (19.80)

@.369 - .354 (9.36 - 9.00 ) Dia. thru four holes equally
spaced on @5.118 (130.00) Dia. B.C.

O
*~O

Keyway Detail

ZX Motor Dimensions (Z910)
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3.433 (411.00) Dia. thru four holes equally

spaced on @6

.496 (@165.00) Dia. B.C.

A

1.063 (27.00)
1.055 (26.80)

A 0.004 TIR
(0.10)
< A >
o Max. 0.69 (17.5)l«»
B
» «— 0.14 (3.50)
-« [T
@ A 0.004 TIR < 0.71 (18.0) I
(0.10) T ] ﬁL T T
N—]
5118  +00005 — v 5006 (127.15)  5.103 (129.62)
(130.00 291 - i0r s il s ’A 5.004 (127.10) 5.101 (129.57)
c | Lg ¢ l
0.3932 (9.987)
0.0016 M5 X 0.8 Tap X 0.55 (14.0) Min. DP. (4) holes 0.3922 (9.962)
equally spaced on 6.457 (164.0) Diameter B. C.
(0.041)
Motor A Max B +0.08 (2.0 +.0005 (.009) +02 (50) E Min
* 0. . n.
2.0 -.0004 (.004) -.02 (.50)
7920 |14.48 (367.8) 8.17 (207.6) | 0.9449 (24.00) 1.967 (50.00) | 1.457 (37.00)
Resolver 7930 |17.18(436.4) | 12.21(310.36) 1.260 (32.00) 3.00 (76.20) | 2.457 (62.50)
Thermostat . . S —
Receptacle Dimensions in inches (mm)
Note: Add 2.22 (56.4) to length "A" for brake option
Vot 0.3149 (8.000)
otor i 0.3135 (7.964
%ﬁ ( mw Receptacle Keyway Detail (7.964)
Q O ’ Z920
5.23 +0.08 T
(132.9 +2.0) 3.63
98 | O O
0.787 (20.00)
l 0.780 (19.80)
4013 0.3933 (10.00)
@ 559 -0 ~—™ 0.3923 (9.964)
(142.00 *32
Keyway Detail
Z930 \
O O } |
4 +

ZX Motor Dimensions (2920 & 930)
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17.711 N
T (449.9) Max >
»| |« 069 (17.5)
12.75+0.08
- 4%
3,000 20,02 (g23220 | Note: Add 2.22 (56.4)
002 | 4 e
76.20 £0 l ‘ to length "A" for
. I : brakegoption
2.457 (62.40) Min <t l« » 0750190 [
\ \ i
+.0008
7.087 -.0004
(180.00 '24M /
— M A
1.2600 -o00r
. -.0004
(432.00) +000 0.3932 (9.987)
' ) | g

5.35

‘ (135.9)

B

6.42 +0.08

d D

(163.0 £2.0)

5.09
(129.4)

|

7.48
(190.0)
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on 8.464 (215.00) B.C.

0.3933 (10.00)
0.3923 (9.964)

y

1.063 (27.00)
1.055 (26.80)

Keyway Detail

ZX Motor Dimensions (Z940)

ZX motors carproduce substantial stegdtate toques and naid accelerations. A combination
of these forces can shear shafts and mounting hardware if the mounting design is faulty.
Rapid acceleration can produce shock and vibration loads that require heavier hardware than
normally required. The motor itself, under certain load profiles, can generate low-frequency
vibrations within the mounting structure as well. These vibrations can cause fasteners to
loosen if they are not locked. Compumotor recommends that you use elastic nut type

fasteners.

CAUTION

Vibrations produced by a cycling motor can induce metal fatigue within structural
members. Have all plans reviewed by a mechanical engineer.
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Couplers

System Wiring

Shaft misalignments are unavoidable due to fabrication tolerances. Common shaft
misalignment problems include parallel, angular, and end float misalignrRarllel
misalignmentis the offset of two shaft center lines where the center lines remain parallel to
each other.Angular misalignmentoccurs when the shaft center lines are not parallel, but
intersecting at some angle not equal to &nd float misalignmentis a variance in the
relative distance between the ends of the two shafts.

Couplings can help you accommodate these misalignment problems while maintaining desired
torque. Several coupling types are available.

O Single-flex
O Double-flex
0O Rigid

A single-flex coupler will correct only for angular misalignment while a double-flex handles
both angular and parallel problems. Depending upon their design both types may or may not
accommodate end play problems.

When joining two shafts that are fixed in the radial and angular direction, you should use a
double-flex coupling. Single-flex couplings are not recommended for this type application
because uncompensated parallel misalignment will eventually bend shafts and place bearings
under unacceptable loads.

If only one of the shafts is free to move radially, Compumotor recommends that you use
single-flex couplings. A double-flex coupling may allow too much freedom of movement
leading to destructive vibration generation.

Applications that require rigid couplings are extremely limited. Rigid couplings do not
compensate for any misalignments and are therefore not recommended for most applications.
You should use them only if the motor is on floating mounts that allow for alignment
compensation.

Ensure that any coupling you select for your application is within the range of the couplings
performance specifications.

Connections

This section provides instructions for all ZX system wiring.

0 Motor Connections
0 Resolver Connections
O 1/O[1] & I/O[2] Connections
e Limit Inputs
* Home Inputs
0 Power Connections
0 Encoder Connectiongof ZXF only

WARNING

All AC power must be disconnected prior to installation wiring. Failure to observe
safety precautions may expose you to dangerous voltages.

The ZX is shipped with a pre-assembled motor cable. The motor end of the cable has an MS-
type connector.

\ Motor Type \ Motor Cable Connector \ Resolver Cable Connector \
7606 - 2606 851-@6EC14-5S50 851-@6EC14-19S50
7610 - Z630 CIRQ65-18-10S 851-@6EC14-19S50
2640 CIR@6F-22-22S 851-@6EC14-19S50
7806 - Z806 PTO6A-14-5S PTQO6E-14-12S
7810 - 7840 97B-3106-24-22S PT@6E-14-12S
MS-3057-6A
3420-12
7910 CIR@65-18-10S 851-@6EC14-19S50
7920 - 7940 CIR@6F-22-225 851-@6EC14-19S50

ZX Series Resolver and Motor Connectors

The drive end has four leads with spade terminals that should be attached prior to applying
power. The ground wire is connected at the spade terminal to an uninsulated, stranded wire
that touches the motor cable shieldotor screw terminal connections to the ZX are marked
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Motor Braking

U Helpful Hint:
Braking resistors provide
very little braking at zero
velocity. If standstill braking
or emergency stopping are
required, you can order the
spring-type motor brake
option from Compumotor
(800) 722-2282. The brake
is activated from a separate
24VDC supply and operates
in a fail-safe mode.

Motor A, B, C, and Earth. The motor connectors are the same for all Zxs.

WARNING
Never disconnect the motor cable with the power on. The motor produces lethal voltages. Be sure the motor is
properly grounded to reduce the chance of electrical shock.

T

TPHASE 1| ©)
240 VAC PHASE 2

3 Phase o
O POWER 50/60 Hz PHASE 3 | ©)

CPU READY
© EARTH | @
O FAULT
10 2]
123456 7801011213

MOTOR

EarTH |

A B c
(ORG) (BLY (GRY) (GRN)

O 0 9 ©

OrangeMhite stiipe
BlueMhite stii pe
GrayMhite stiipe

Green/White stripe
wit stield connection

Motor
Cable

Motor Wiring Pin Out and Color Codes

The standard ZX600 Drive motor cable is a 4-conductor, 12 AWG, 25-foot cable. The standard ZX900
cable is a 4-conductor, 8 AWG, 25-foot cable. If the motor and drive must be mounted further than 25
feet apart, Compumotor can provide cables with the MS connector installed for cable lengths of up to
100 feet. Standard cables are 25, 50, and 100 Teebrder special cables, call Compumotor's

Customer Service Department (800-722-228)ese cables must be ordered separatéwble

lengths in excess of 100 feet are not recommen@ampumotor recommends installing the motor

and resolver cables in separate conduits to minimize noise coupling as well as for safety.

If the ZX faults, for any reason, the amplifier will be disabled and the motor will freewheel. Refer to
Chapter] Maintenance & Troubleshootindor all fault conditions. If a freewheeling load is
unacceptable, you must install auxiliary motor braking resistors.

The figure below illustrates a typical resistor braking scheme. In this scenario, the motor contactor is
normally energized to provide a direct connection between the motor and drive. The motor contactor
(N.O.—normally open/N.C. —normally clo$eésl controlled by the fault relay+#[T+)/fault relay-

(FLT-) output on the ZX'$/O[2]  connector. If the amplifier faults or if the line voltage is
disconnected, the contactor connects the motor braking resistors across the motor. The braking
resistors can be sized by analyzing specific applications.

Partial view of ZX PrasEL | )
zome PHASE 2 | ()
O row 50/60 Hz PHASE 3 @
O crureor EARTH | ()
O FAaULT
Vo2
12345 6780 UL o < ﬁo&/gxcin.—lﬁOVAC .
J MOTOR FLT + ° Ry
R ——————
(oés) (BEU) (GSY) E@&T Motor o?y\
Q0 @ D ‘ ] Contactor N
| | Ry
| |
| T Oi o—/\
O . O ® | O
! o O or
- T 1
o0 O O 0
N.C. N.O. -
Resd ver Cable —

Servo Motor ||—

Mo tor
Cable

Motor Braking (Dynamic)
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If the total load inertia is less than five times the rotor inertia, non-inductive 200 watt power
resistors can be used as the braking resistors. Wgeeonfiguration, use@ or more Ry =

5Q). For adelta configuration, use 13 or more Ry =15Q). If quicker stopping action is
required, the braking resistors can be lowered, but you must increase their power ratings.

Wiring the Motor

Brake Option Resolver Cable

Flying Leads From Resolver Connector

— O N

+24V  GND

—i¢—n

Optional Blocking Diode

Wiring Z Series Motor Braking Option (-B)

Apply +24V to one of the ¥ling leads from the resolver connector, and GND to the other lead
(this energizes a coil that releases the brake). It may be necessary to place a blocking or
flyback diode across the brake coil to prevent noise spike from falsely triggering other devices
when the brake is gaged or disegaged (a 1N4936 should be sufficientstall the diode
between the wires as shown in the figure above.

Resolver Connections

The ZX is equipped with a pre-assembled 25-foot resolver cable. The motor end of the cable
includes an MS-type connector, Amphenol (p&T@6E-14-123. The drive end of the
cable is a screw terminal connectbO(2] ).

Ll Helpful Hint: T =
All ZXs have the same g £
5
resolver connector. 5 N o .
2 . 5 8 78 § 8 8 & g8
6 5 S £ ¢ 8 2 25 5§ & &
g 5 2 g 2 &€ 2 § =32 23
2 5 X 5 2 U 0 2 v g & C
) 8 o 2 5 5 E 3 3¢ 2 5 2
Expandedview ¢ 2 2 § 3 & £ ¥ § £ £ & &
of 11d2]
1 2 3 4 5 6 7 8 9 10 11 12 13
-
DODDDDDDODODOD
\ \
\ﬁ —1 o
L 0
—pHsEL| O Moor |
esolver
zowe | ewsez| O | Cane L3
(O POWER 50060 Hz | pHasE3 | O
O CPU READY EARTH @ —
O FAULT
10 [2]
17345 6760 DALE
MOTOR
(SR
(ORG) (BLU) (GRY) (GRV)
3 O OO

Resolver Pin-Out I/0O[2]
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I/O[1] Connections

The ZzX'sl/O[1] connectors provides the following communication, input, and output
connections.

0O Communication
+ RS-232C
* RS-422C (ot currently supported
0 Inputs
* VOUT
e Seven programmable inputs
e ENBL
e Limits
* Home
0 Outputs
» Four programmable outputs

+5V Compumotor
VOUT

=
o
E

Expanded View of I/O[1]
ENBL

B+

B-

G 2 XSERIES
cw

BRUSHLESS
SERVODRIVE

RS-422 is not
currently supported

‘ O 000 0000000000 OOOOO OO OO0 OO OO ‘
(o] ®
9}
2

UUUOUOUOUOOUUUOUUUUUUUUUUOUU

~ PHASE 1| )

15 240vAC PHASE 2| £)

16 O Power 50/60 Hz PHASE 3| )

17 (O cpureADY EARTH @

o1 O raut o o

oz

03 123456 780910111213

04 ‘ MO1"OR ‘

G (o’?«;) (BEU) (G%V) E(/?;RRW)

SHLD @ @ @ @

Screw Terminal I/O [1]

RS-232C The ZX can communicate to any terminal or host computer that can be configured for RS-
Connections 232C. The ZX has a set of commands that can be used to set up the drive, program the drive,
(RX, TX, GND) and report back drive information.
I/0O[1] The ZX has a three-wire, optically isolated RS-232C interface that is compatible with RS-

232C specifications. Receive DaRxj, Transmit Data®x), and groundGND signals are
connected on the screw termindD[1] . Proper shielding of the RS-232C signal wires is
required. The shield should be connected to an earth ground point on the terminal.
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Compumotor

o
=

N .. =]
i

2 X SERIES

BRUSHLESS
SERVO DRIVE

1
‘OOOOOOOOOOOOOO OOOOOOO(BOOOOOO‘

RS-232C Connections
O Helpful Hint: O Baud Rate: 9600
The default 0O Data Bits: 8
communication 0 Stop Bit: 1

parameters are:
O Parity: None

Handshaking is not supported. The terminal should be set for Full Duplex
mode.

You can change the baud rate with the front-panel pushbuttonSt{apeer] Application
Designfor more information). Baud rates of 300, 600, 1200, 2400, 4800, and 9600 are
available. The RS-232C communication interface is optically isolated.

U Helpful Hint:
Schematic of the RS-232C [ +sv1 | [ VCC]
communication interface

N
1489 v Do——
Rx | 5 } \/O
HCPL-2631
Vo

7

Tx Ei 1\7‘4.770 ') \ 4
1488
GND | HCPL-2631
v

VI

RS-232C Input

ZX Daisy Chain You may daisy chain up to 99 ZXs. Individual drive addresses are set with the ZX's push

Wiring buttons. When daisy chained, the units may be addressed individually or simultaneously. You
should establish a unique device address for each ZX. If you daisy chain more than 10 units,
the baud rate should not exceed 2400.

Commands prefixed with a device address command only the unit specified. Commands
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O Helpful Hint:
Multiple-drive
configuration (daisy-
chain) of RS-232C
ports from one
controlling terminal or
computer

Sample
Applications
and Commands

VOUT Input
I/O[1]

ENABLE Input
I/O[1]

without a device address command all units on the daisy chain. The general Arlg is:
command that causes the drive to transmit information from the RS-232C
port (such as a status or report command), must be prefixed with a device
address This prevents daisy chained units from all transmitting at the same time.

Attach device identifiers to the front of the command. The@a¢mmand instructs all units
on the daisy chain to go, whilies tells only unit one to go.

When you use a single communications port to control more than one ZX, all units in a daisy
chain receive and echo the same commands. Each device executes these commands, unless this
command is preceded with an address that differs from the units on the daisy chain. This
becomes critical if you instruct any indexer to transmit information. To prevent all of the

units on the line from responding to a command, you must precede the command with the

device address of the designated unit.

No ZX executes a device-specific command unless the unit number specified with the
command matches the ZX's unit number. Device-specific commands include both buffered and
immediate commands.

You must use status-request commands in an orderly fashion. Commands should only be
issued when the host is ready to read the response. You should not send new commands until
you receive a response from the previous status-request command. In particular, you should
not issue a immediate-status command until the host receives a buffered command status
response. If this is not followed, the command responses will be intertwined, rendering the
data useless.

If you enable the Interactive mod8gI1 ), only the ZX that is set to Address 1 will respond
with a prompt #). This prevents all the ZXs from sending eun a daisy chain.

Typically, you should disable the Interactive mode when you use a host computer with the
ZX.

>, >,
—_— RXx
= Tx JA\ RX o | Rx o
Rx T o ™ o % ol
X
| \/ GND GND GND
Shield
Unit 1 Unit 2 Unit 3

RS-232C Daisy Chain Configuration

Three ZXs are on an RS-232C daisy chain. Send the following commands:

Command Description

> MN Sets unit to Preset mode

> A5 Sets acceleration to 5 rps? for all three controllers
>V1Q Sets velocity to 5 rps for all three controllers
>1LD3 Disables limits (if they are not connected)

> 1D25000 Sets Axis 1 distance to 25,000 steps

> 2D50033D Sets Axis 2 distance to 50,000 steps
>3D10BDDD Sets Axis 3 distance to 100,000 steps

> G Moves all axes

Unit 1 moves 25,000 steps, unit 2 moves 50,000 steps, and unit 3 moves 100,000 steps. All
three units use the same acceleration and velocity rates. Units 1, 2, and 3 move at
approximately the same time.

This input may be used to set the output voltage level of the programmable outputs (O1 -
04). TheVOUT input, referenced to ground, should be no more than 24V. Refdvagater
0 Hardware Referender theVOUT input's hardware specifications.

The ZX 'sENBL input can enable or disable the ZX servo amplifier.

0 To disable the amplifier, open the connection from ground.

0 To enable the amplifier, pull the input to ground, and reset the drive (oOpeThis input
must be pulled down to ground for the drive to be active.

SeeChapter] Hardware Referenc®r the ENBL input's hardware specifications.
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Limits I/O[1]

Home Limit
Input I/O[1]

U You can activate the

home limit input with the
Define Active State of Home
Switch (OSG command.

Programmable
Inputs I/O[1]

Programmable
Outputs 1/0[1]

The ZX has two dedicated hardware end-of-travel limits (CCW and CW on the front panel).
When you power up the ZX, these inputs are enabled. If you want to test the ZX without
connecting the CCW and CW switches, disable the limit inputs with3ecommand. If
you disable a move without disabling the inputs, the ZX motor will not turn. You can use
the RA (Limit Switch Status Report)S (Input Status), antN (Set Input Functions)
commands to test the limits' status. RefeChapter] Hardware Referencir the limit

inputs' hardware specifications.

The ZX also has software limit capabilities. The software limits are disabled when you power
up the system. If you need software limit capabilities, you can enable and define these
software limits. Refer to theX Software Reference GuideSoftware Limits EL)

command.

The ZX's dedicated hontéM input provides a reference for your application’s motion. This

input can command a machine to start an operation from a repeatable position. You may also
use this input in conjunction with the Go Hont&H command or the Go Home input with

the Set Input FunctionsN ) command. When the ZX execute&Bcommand, it scans the

home limit input until the switch activates the home limit input.

Refer toChapter[] Hardware Referenci®r the home limit input's hardware specifications.
The homing function is discussed later in this chapter

Compumotor

C1LC]
A v

2 X SERIES

BRUSHLESS
SERVO DRIVE

N.C. Switch CW Limit ——0—71 0o——
N.C. Switch CCW Limit 7@/07
N.O. Switch Home Limit o= o—

|00000000000000008/0 0000000000 |2
(o] [=t=o [a]

Home and Limit Input Wiring

The ZX has seven programmable inputs. These inputs can be connected directly to 24VDC.
Each input can be programmed to perform 24 different functions. The inputs can be used with
PLCs and configured with the outputs to interface with thumbwheel switches. Refer to
Chapter] Hardware Referend®r the programmable inputs' hardware specifications.

/\ 45V /\ 5V
22K 22K
ZX Inputs ZX Inputs
] = v HC165 [ ] v HC165
Input Voltage Low =@ - 5K Input Voltage High =2.5 - 24VDC
i d @.5VDC (referenced to isolated ground)
/0 Graun (referenced to isolated ground) —

Enable, Home, Limits, and Programmable Inputs

The ZX has four general programmable outputs. These outputs can sink up to 30 mA. You
can program these outputs to perform 16 functions. They are open collector outputs, but they
are pulled up internally with a 10K resistoVoyTis jumpered at the factory to 5V. To use

a higher pull-up voltage, disconnect the jumper and apply an external power sugglyo
Thepull-up voltage will be equivalerib VoyT- 0.3V. Remember that 5V &/py7<
24V.
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Refer toChapter] Hardware Referencir the programmable output's hardware specifications.

Vour[ ]| S X
10K

01-04 3 7406

Output Voltage High = 24V
Maximum Current Sink = 30 mA

VourT Input and Programmable Outputs 1 - 4

I/0[2] Connections

Analog Monitor
Output 1/0[2]

Drive Fault
Relay Output
1/10[2]

In addition to resolver signals and motor thermal signald/@{@] screw terminal
connector also has two outputs. Resolver cables on all ZX Indexers are the same.

8 o
s
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8 k] ~ P = o g e
0 2 . 5 8§ 38 $ 28 8 &g
Q G5 = & ¢ & 8 2 255 = %
o} - 2 5 2 = 3 g w = T o
5 g 8 ¢ 2 3 2 &£ 2 o = g =
2 0 ¥ Ww g 2 U 9 z 23 L
9 ded vi § 2 ¥ ¥ 3 ¢ £ 2 & 2 s 3 3
9 Expandedview ¢ & 2 & 2 & £ ¥ § £ £ & &
0 of I1J2]
o 1 2 3 4 5 6 7 8 9 1011 12 13
Q00D QD[ D DD
pHASE L | @) | L ! o
NG | Prse2 | D
O POWER 50/60Hz PHASE 3 @ " O
otor
8 S:JL':EADV EARTH | @ Resolver O
10 2] Cable o)
[esmesaseasl~———
Tiss c7so0nE
MoToR
A 5 C  omn
©ORG) @Y (©RY) @R

Screw Terminal I/O (2) Outputs

This output provides an analog voltagd@V) proportional to the velocity of the motor shaft.

0 MONITOR+ (pin #10) labeled MON+
O MONITOR-( pin #11) labeled MON-

You can connect these pins to an oscilloscope to facilitate tuning.
This isolated output is active during normal operation.

0 FAULT RELAY+ (pin #12) labeled FTL+
O FAULT RELAY- ( pin #13) labeled FTL-

The relay will open during a fault condition or loss of power. This output is capable of 1A at
24VDC or 120VAC, resistive. The minimum current of 100mA at 12VDC is required to
ensure contacts will not become contaminated.

ZXF Encoder Connection

The encoder connection is only applicable to the ZXFyou are using a ZX, you may
skip this procedure
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Compumotor
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— Do not connect the CHZ+ and CHZ-
inputs to the encoder. The ZX-F does not
support the CHZ inputs.
Encoder Connection
+5VI
+5VD

CHA+, CHB+, ‘

Ele

26LS32
CHA-, CHB-, HCPL2631
CHZz-

Encoder Inputs

Line Power Connections

34

The ZX600 and ZX800 are designed to be operated from a single or 3-phase 240VAC or
single-phase 120VAC power source. The ZX900 is designed for single or 3-phase 240VAC
operation. Only qualified personnel should install and service the equipment.
Serious injury or death could result from miswiring The figures below illustrate

the various ways to provide the main input power. The three input phase terminals feed a 3-
phase rectifier that has current in-rush protection (each leg of the 3-phase input is fused
separately). A 5KVA isolation transformer may be used for the ZX600 and ZX800 series, and
a 10KVA isolation transformer may be used with the Z900 series, but transformers are
generally not necessary if proper grounding procedures are followed and the proper line voltage
is available.

WARNING

Never disconnect the motor cable with the power on. The motor cable produces lethal
voltages. This may cause a fatal injury. Be sure the drive is grounded properly to
reduce the chance of electrical shock.
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|:| Helpfu/ Hint: Transform er Transform er

Fuses: The ZX600 and Compumotor Primaries Secondaries
ZX800 are fused for E—
240VAC 3-phase power 1o 1] J f
(20A). If you suspect that [o] -
0
a fuse has blown, call o your ] Phase 2 \%ﬁ g
Compumotor (800-358- Sl L Phase 3 N
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ZX600/800 Power Connections

Safety Interlock  Put a 3-phase safety interlock switch between the drive and the power source to conveniently de-

Switch energize the drive in an emergency and/or service situation. A re-settable circuit breaker can also be
used.
0 Helpfu, Hln[ Transform er Transform er
Fuses: The ZX900 drives Compumotor Primaries Secon daries
are fused for 240VAC 3-
phase power (45A). The o Phase 1 O———=
fuse block is located on the o AJJ)J
bottom of the drive beside S |EneL Phase 2 O——<
the fan. These fuses may ° Exx Ooog é C
be replaced with Buss type gle, TV Phase 3 O
SC45 fuses. g Ja Earth oﬁ\i\
g %W ZXSER/ES
o |CcW  BrusiESS Phase 1 O /(‘
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o rowr
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ZX900 Power Connections
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Installation Verification

After you have completed all of the wiring instructions, you should complete the steps in
this section to ensure that you have wired the motor, resolver, inputs, outputs, encoder (ZXF
only), and power properly.

Programmable  The input and output modes of the ZX offer flexibility and many function options for the
Input Functions input and output pins. You can program each input pin or designate them to correspond to a
particular function. There are 24 functions that you can designate. To designate each input
pin to a particular function, use the Set Input FunctiéNg (command. (For a complete
description of théN command see thé&X Software Reference Guide The input pins
are numberedl -17 on the front panel. The three remaining inputs are dedicated/to
CCW andHM LIMIT programmable inputs. Each function has been assigned a letter:

A: Trigger N: Data

B: Sequence Select O: Reserved

C: Kill P: Memory Lock

D: Stop Q: Registration input (can only be used with input #7)
E: Drive Shutdown R: Reset

F: Pause/Continue S: Go Home

G: Go T: Position Zero

H: Direction U: User Fault

I: Synchronization V: Data Valid

J: Jog+ (CW) W: Data Sign

K: Jog- (CCW) X: Increase Following Ratio
L: Jog Speed Select Y: Decrease Following Ratio
M: Terminate Loop Z: Reserved

To program a particular input line to perform one of the designated functions, ertér the
command, followed by the pin number (1 - 7), followed by the letter of the function that you
are designating the pin to perform. You may define the active input level with the Set Input
Active Level (NL) command. The factory settingINL@ (Active low).

Command Description
> IN1A Assigns input one to a trigger input

To display the present function assigned to each input type the following. To display one input
at a time, type the number of the input followihig\ .

Command Description
> 1IN Displays the input function assignments

Verifying Proper To verify that you have wired your inputs properly, enterihe&€ommand. This command
Input Wiring reports the active state of your inputs regardless of what function is assigned to them. Perform
the following steps to verify proper wiring of your inputs.

step [J Place the inputs in the active low state and display their current state.
Command Description
> INLQ Active level low
> 11S Response is *0000 ODDD DD
step [J Activate input #1 by shorting the input to ground and entering the status r)ussin.

*nN nnn _nnnn _nn

CCW Limit —l |
CW Limit

Home Limit
Input 1
Input 2

Input 7

Command Response
>11S OO0 DOBD DD

This indicates that the ZX has recognized that the input number 1 has changed state. In this
manner, you can verify that each input is changing state correctly.
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Programmable  The following steps show how to configure input #41() as a Remote Go input, and input
Input Example #2 (N2 ) as a stop input for control from your inputs.

step [] Command. Description
> MC Sets to the continuous mode
> INLD Sets input level to be active low (off)
> LD3 Disables CW and CCW Limits
> IN1G Sets up first input (IN1) as Go input.
> IN2D Sets up second input (IN2) as a stop input
> A1GQ Sets acceleration to 100 rps?
> AD192@ Sets deceleration to 100 rps?
> V5 Sets velocity to 5 rps
> D2503D Sets distance to 25,000 steps
step [ Command Response
> 1IN1 *@1_G_GO_INPUT_(STATUS_OFF)
> 1IN2 *72 D_STOP_INPUT_(STATUS_OFF)

These commands verify that inpulll andIN2 have been configured properly. If not, go
back and try step 1 again.

step [ To start motion, make sure that power is applied to the ZX and activate inpMt#1 (
step [ To stop motion, activate input #2NQ ).

This example shows how to use the inputs programmability @thésatures are discussed
in Chapter] Application Design

Programmable  You can program the ZX outputs in the same way that you program the inputs. There are 16

Output possible functions that the outputs can perform (usin@tti&command). Refer to the

Functions OUTcommand in th&X Software Reference Guidfer a detailed explanation. The
possible output configurations are listed below:

Programmable Output

Moving/Not Moving

Sequence in Progress

At Limits

At Position Zero

Fault

Shutdown command indicator

Strobe (Outputs 1 - 3 only)

Command Error

Position Error Fault

CW Software Limit Reached

CCW Software Limit Reached

CW Hardware Limit Reached

CCW Hardware Limit Reached
Output Based on Position

Pulse output (Half axis)

Output When Within Deadband Range
Output When Within Deadband Range and Not Moving

S<CHUAIVZOASITIMOUOWR
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The outputs are labeled on the front panel of the Z®&sO4. They are assigned in the

same manner as theirt pins. You can set the active level of theputitwith the Set Active
Output Level QUTLD command. The factory setting@UTL@(current flows when turned

on). All of the outputs@1 - O4) are set up as programmable outputs as the factory default
settig. Thepull-up voltage isjumpered at the factgrto 5V (throwgh internal 10K resistors).

If a higher pull-up voltage is desired, remove the jumper and apply the external power supply
to VOUT (5V < VOUT< 24V) . To increase the amount of current that thegutstcan

sink (30 mA maximum), you can add a resistor or apply voltage to the outputs (up to
24VDC).

Verify Proper You can directly control each output by using the OutButémmand. Use th®@ command
Output Wiring to turn on outputs 1 and 2 and turn off output 3. Use a voltmeter to verify that the output has
changed state.

Command Description
> 0119 Directly controls the outputs

Programmable  The following steps demonstrate how you can sédlias a moving/not moving output and
Output Example O2as a programmable output.

step [J Make sure the outputs are properly wired.
step [J Command. Description
> MN Sets unit to Normal mode
> OUT1B Sets up O1 as a moving/Not moving output
> OUT2A Sets up O2 as a programmable output
> A1GQ Sets acceleration to 100 rps?
> AD192@ Sets deceleration to 100 rps?
> V5 Sets velocity to 5 rps
> D2503D Sets distance to 25,000 steps
> G Executes the move
> T3 Waits 3 seconds
> 01 Turns on output 2 (02)
> T3 Waits three seconds
> 0@ Turns off output 2 (02)

While the motor is making the first mov@,1 should stay on. When the first move is
finished,O1 should go off. After 3 second®2 should come on and stay on for four seconds
before turning off. Use the Outpu®)(command to display the current state of the outputs
(type 10).

The successful completion of this test verifies that you can configure the ZX outputs to work
as a programmable outputs and Moving/Not Moving output<hiapter] Application

Design the use of other functions that you can program with the Configure O@p} (
command are explained.

Limit Switches Descriptions of the limitsGW & CCW) and a limit switch wiring example are provided
earlier in this chapter. Before you test the limit switches, check the following:

O Ensure that the limit switches are wired properly.
0 Ensure that the load is not attached to the motor.
0 Ensure that you can manually open and close the limit switches.

To test the limit switches, complete the following steps:
step [ Turn off (open) the CW and CCW limit switches.

step [ Type 11S . Assuming that you have not turned on any other inputs, you should receive the
following response:

*1100 000D DD
This means that both CW and CCW limits are on (open).

step [J Turn on (close) the CW and CCW limit switches.
step [ To test the CW limit, enter the following commands:
Command Description
> LD@ Enables the CW and CCW limits
> INLQ Normally closed limit inputs
> MC Sets controller to Continuous mode
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O Helpful Hint:
The motor should move

CcCw

Homing The

Motor

Step O

Step D

Step D

Step O

Step D

Step D

Step D

Step D

Step D

Step D

Step D

Step O

> Al@Q Sets acceleration to 100 rps?

> AD129 Sets deceleration to 100 rps?

> V3 Sets velocity to 3 rps

> H+ Changes the direction of the motor (CW)
> G Executes the move (Go)

Turn off (open) the CW limit switch. The motor should stop moving. Etaill scroll
across the zZX's display. This verifies that the CW limit switch is working properly.

Turn on (close) the CW limit switch. Errdd will scroll across the ZX's display until a Go
(G command is executed in the opposite direction.

To test the CCW limit, enter the following commands:

Command Description
> H- Changes the motor's direction (CCW)
> G Executes the move (Go)

Turn on (close) the CCW limit switch. The motor should stop moving and 42reill
scroll across the ZX's display. This verifies that the CCW limit switch is working properly.

Turn on (close) the CCW limit switch. The motor should begin to move in the CCW
direction. Errod?2 will scroll across the ZX's display until a G8)(command is executed.

If you are not able to stop the motor with the limit switches, reverse the CW and CCW limit
input wiring. Perform this test again. If you are still unsuccessful, refehapter]
Maintenance & Troubleshooting

Descriptions of the home limiti\) and a home limit switch wiring example are provided
earlier in this chapter. In this section, you will test your home limit switch and home the
motor. You can initiate the Go Home function by entering the Go H&HRedommand over
the RS-232C interface or by enabling the Go Home input using the ConfigurelMput (
command. You must also define the Go Home Velo€iyJ, Go Home Acceleration
(GHA, Go Home DeceleratiorGHALD, and Final Go Home VelocityGHB to properly
initiate the Go Home function. You can define the initial direction of the homing function
with the Go Home VelocityGHY command. Th&Scommands set up the final go home
approach and the edge of the switch to stop on.

When you command the motor to go home, it begins to move in the direction and at the
velocity you specified. It performs this move at the acceleration rate specified witlithe
command, and looks for théMinput to go active. If the motor encounters an end-of-travel
limit while it searches for home, it will reverse direction and look forrthénput to go

active in the opposite direction. If the motor encounters the other limit before it detects the
home signal, the Go Home move will be aborted and the motor will stop. To test the
functionality of theHMIimit switch, complete the following steps:

Manually open thédMlimit switch and ente IS . Assuming your end-of-limits and all
other inputs are open (on), the system should respond with:

*1100_000D_DD

Close theHMlimit switch and typellS . The system should respond with
*1110 @233 DD This verifies that the home limit switch is functioning properly.

Open theHMlimit switch.
To test the ZX's homing function, enter the following commands:

Command Description

> IN1S Sets up IN1 (Input 1) as a remote Go Home input
> 1GHA199Y Sets go home acceleration to 100 rps?

> 1GHAD192@ Sets go home deceleration to 100 rps?

> 1GHF.5 Sets final go home speed to 0.5 rps.

> GHV+1 Sets the go home velocity to 1 rps (CW)

> 10SB1 Enables the back up to home switch function

> 10SGY The final approach direction is CW

> 10SHY The CW edge is the edge the move stops on

> GH Executes the Go Home function

Ensure that the home limit input switch is open (on).

Closell (Input 1) and then open it. The motor will start to search foHfemit switch
again.

Ground (turn off) thedMIlimit input. The motor decelerates to a stop. It then reverses
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Step D

Step D

Verify Encoder
Installation

U Helpful Hint:

If you pass this test, exit
Following mode with the
FSI@ command.

direction and moves off the switch at the final approach speed so that it can make its final
approach to the home switch in the CW direction.

Open the switch to simulate moving back off the home switch. Once it is off the switch, it
begins its final approach in the CW direction.

Activate the home switch again. The ZX will continue moving because it has reached only the
CCW edge of the limit switch. Open the home limit switch again. This will be the CW edge
and the motor will stop. This location will become the zero posit@mapter] Application
Designexplains the back-up to home limit function in detail. You will useQBeommands

to set up the exact homing sequence that your application needs.

This test is for ZXF users onlylf you are using the ZX, you may skip this step
To verify that your encoder is connected properly, enter the following series of commands.

Command Description

> LD3 Disables the limits

> FSI1 Sets ZXF to Following mode
> 1PF Reports the encoder count

Turn the encoder one CW revolution (move it in the positive direction). Check the encoder
count again.

Command Description
> 1PF Reports the encoder count—it should have increased by the amount

of your manual CW revolution

Turn the encoder one CCW revolution (move it in the negative direction). Check the encoder
count again.

Command Description

> 1PF Reports the encoder count—it should have decreased by the amount
of your manual CCW revolution

Command Description

> S Stops motion

> FSIZ Exits Following mode, sets the ZXF to Indexer mode

You have now installed and tested your ZX syst&hapter(] Application Desigrprovides
application information pertaining to motion, modes of operation, programming features, and
other aspects of completing your application. Proce&hapter] Application Design
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Application Design

The information in this chapter will enable you to:

O Recognize and understand important considerations that must be addressed before you
implement your application

0 Understand the capabilities of the system

O Use examples to help you develop your application

Basic Servo Tuning Theory

The ZX employs two basic control loops.

O Digital Control Loop
O Analog Control Loop

Thedigital control loopuses information from the resolver and user inputs to determine what the
commanded motor currents should be.

Theanalog control loogakes current commands from the digital control loop and pulse width
modulates the bus voltage to achieve these currents in the motor.

Digital Control Loop

w| CVF*(Z1)
> z

+
Analog Control Loop

+
Commanded CPP + CPI CVP + CVI CTC
e N = P ] Motor
Position r@—> (z-1) .+ ?’ (z-1) LPF Resolver —-{ Load

CTG* (z:1)
z
4@ ?

Digital and Analog Control Loops

The digital control loop has 15 parameters that you can adjust to obtain optimal shaft
performance. You cannot st the analg control log. It is confgured to run all sixteen ZX
motors (605, 606, 610, 620, 630, 640, 805, 806, 810, 820, 830, 840, 910, 920, 930, and
940) at optimum performance without modification. To ensure that the system operates
properly, you must select the correct motor size with the Configure MoMT R command
(refer to thezX_Indexer/Drive Software Reference Guijle
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Tuning
Procedure

U Helpful Hint:
Sample DDI command
response

Tuning parameters can vary significantly in each operating mode (Position mode, Velocity

mode, or Torque mode). To simplify the task of tuning, default tuning parameters are stored for
each motor size in each mode. If the default parameters do not provide adequate performance, you
can manually tune the drive with the front panel interface or the RS-232C interface. All tuning
parameters are accessible via the RS-232C interface; however, only some are accessible via the
front panel.

| Command | RS-232C | Front Panel | Tuning Commands \
CPD yes yes Configure Position Derivative
CPDM yes no Configure Position Derivative Maximum
CPI yes yes Configure Position Integral
CPIM yes no Configure Position Integral Maximum
CPP yes yes Configure Position Proportional
CPPM yes no Configure Position Proportional Maximum
CTC yes no Configure Time Constant
CTG yes yes Configure Tach Gain
CTGM yes no Configure Tach Gain Maximum
CVF yes yes Configure Velocity Feed-Forward
CVFM yes no Configure Velocity Feed-Forward Maximum
CVI yes yes Configure Velocity Integral
CVIM yes no Configure Velocity Integral Maximum
CVP yes yes Configure Velocity Proportional
CVPM yes no Configure Velocity Proportional Maximum

Tuning Parameter Commands

If you are using the ZX for the first time, Compumotor recommends that you use the RS-
232C interface. This interface provides access to all of the tuning parameters and gives you
real-time access to some of the control variables. Two basic commBis(Display

Drive Information) andSP(Display Servo Picture)—are degied to hgb you tune the drive.
The DDI command lists all the tuning parameters as well as motor's resolution, drive
configuration, etc. You can use this command to verify the drive's current operating mode.

( N

PP_P_PD VP VI _VF TG
+PERCENT 59 @5 @0 10 o8 60 60
*MAXIMUN| 19900 00400 32000 10000 60B00 32000 3290

*TIME_CONSTANT=@@@@5 (*16@ MICROSECONDS)
*AVE_CURRENT_LIMIT=20.8% AMPS
*PEAK_CURRENT LIMIT=4@.02_AMPS
*MOTOR_RESOLUTION=25290

*RESOLVER RESOLUTION=AUTO
*MOTOR_TYPE=2620

\, J

All the gain commands have a maximum limit. This provides a wide dynamic range. For
example, the gain terfAP (Position Proportional) can vary from 0-99% using &P
command. The maximu@PPMvalue can vary from 0 - 32,767. The equation below
illustrates the number that is actually used in the control loop assumin@fat = 50 and
CPPM= 10000.

Position Proportional gain = (CPP/100) * CPPM
= 50% * 10000
= 5000
The DSPcommand gives near real-time servo parameters.D3840 get an approximate

real-time preview of what the control loop is doing and how changing the parameters will
affect the system.
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U Helpful Hint:
The figure illustrates the
response to a DSP
command and the different
parameters that you can
display while the drive is
operating. The software
commands in brackets [ ]
are the actual data in the
loop. These variables are
continuously updated.

DCA: Display
Current Average

DCP: Display
Current Peak

DPS: Display
Position Setpoint
DPA: Display
Position Actual
DPE: Display
Position Error

DPR: Display
Position Resolver

DVS: Display
Velocity Setpoint

DVA: Display
Velocity Actual

DVE: Display
Velocity Error

Servo Tuning

Comnmanded
Torque
Commanded [DVS]
Velocity
[DCP]
[DVS] [DCI]
CVF*(Z1) [DCA]
Z I
. [DVE]
[DPE] Analog Control Loop
+ * v
Command ed +
Gomr cPP+_CPI cvP+ CVI cTC Mob
ostton DFS] en [ @ _B" Resoler -
[DVA] [DPR]
CTG* (Z-1
z
Counters t
DPS DPE DPR DVsS DVE DCA
fnnnnnnnnnn fnnnnnnnnnn tnnnnnnnnnn Fnnnnnnnnnn nnnnnnnnnn nn.nn

Display Servo Picture Command (DSP) Response

The following display commands will help you tune the ZX.
This command displays the ZX's average current.

This command displays the ZX's peak current.
This command dgays the actual number of giereceived from an indexer pulsegenerator.

This display is inactive in velocity and torque mode operation.

This command displays the motor shaft's actual position.

This command displays the difference between the commanded and actual position in user-
defined resolution.

This command displays the position of the resolverolli$ overnumerically every
mechanical revolution.

This command displays the desired velocity. In Position mode, this would correspond to the
rate of change in steps.

This command displays the actual motor shaft velocity in rpm.
This command displays the difference in the commanded velocity and the actual velocity in

rpm.

The ZX's micrprocessor-based indexer intergalenerateposition sgboint commands while
the ZX'sDSP closes the position loop.

AnabgControlLoop

Motor Load
Resolver -

©

+

+

Commanded

Postton __> ®_>
+

CTG * (z1)
z

ZX Tuning
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CPP: Configure
Position loop
Proportional Gain

CPI: Configure
Position Loop
Integral Gain

CPD: Configure
Position Loop
Derivative Gain

CVP: Configure
Velocity Loop
Proportional Gain

CVF: Configure
Velocity Feed-
forward Gain

CTG: Configure
Tach Gain

CTC: Configure
Torque Time
Constant

The following table contains the ZX's tuning commands.

\ Command \Tuning Commands
CPD Configure Position Derivative
CPDM Configure Position Derivative Maximum
CPI Configure Position Integral
CPIM Configure Position Integral Maximum
CPP Configure Position Proportional
CPPM Configure Position Proportional Maximum
CTC Configure Time Constant
CTG Configure Tach Gain
CTGM Configure Tach Gain Maximum
CVF Configure Velocity Feed-Forward
CVFM Configure Velocity Feed-Forward Maximum
CVP Configure Velocity Proportional
CVPM Configure Velocity Proportional Maximum

Tuning Commands

This command directly reflects tistiffnessof the system. Generally, you want this gain as
high as possible without causing the system to oscillate.

This command directly influences the final position accuracy. In the default mode, it is turned
on, but only slightly. It is error-limited to prevent integral windup.

This command sets both the digital tach gain and the velocity feed-forward gain to the same
value. It has the effect dfampingthe system response. This gain is increased if the motor
oscillates at zero commanded position.

This command directly reflects tistiffnessof the system similar to thePP command.
Generally, you want this gain as high as possible without causing the system to oscillate.
The only difference with this command relative(BPis that it takes into account the
velocity tach gain.

This term reduces the position loop following error only when the shaft is turning. It does not
affect the system's dynamics.

This term allows additional damping. If you increase this term, the system will become
sluggish, but you will be able to stabilize large inertias.

This command filters the digital controller’'s output response. The matomsutategvery

100us and the servo loop is updated every B0 In between each servo update, the
commutation can use an average torque commanded value. The default is sgisto 500

(CTCH. This effectively low-pass filters the torque command signal with a -3dB frequency of
2000 Hz. You can change this value to decrease the low-pass filter frequency. This will lower
the drive's bandwidth.

Position Mode Use the following steps to tune the ZX.

Tuning
Procedure
Step U Set motor resolution to the proper number of steps/rev you desire (refeiGblRmmmand
in the ZX_Indexer/Drive Software Reference GuifleThe default is 5000 steps/rev.
Step U Check to make sure tt@MTRcommand reports back the actual motor you are using. If itis
wrong, change it with thEMTRcommand (refer to theX Indexer/Drive Software
Reference Guidg
Step O Attach the load and make your desired move with the default settings. Pay careful attention to
the response time, end-of-position overshoot, following error, etc.
Step O Vary parameters to improve your performance if needed. Some common performance

problems and suggested tuning procedures on how to improve performance are listed below.

Shaft Seems Solution Procedure:

Spongy 1. IncreaseCPP
2. IncreaseCVP
3. Decreas€TG
4. IncreaseCPI
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Shaft
Oscillates

Shaft
Overshoots at
End of Move

Shaft Has Too
Much
Following
Error During
Move

Step [

Fault Messages

Pushbutton
Operation

Solution Procedure:
1. IncreaseCTG
2. Decreas€VP
3. Decreas€PP
4. Decreas€PlI
Solution Procedure:
1. Decreas€Pl
2. IncreaseCTG
Solution Procedure:
1. IncreaseCVF
2. Decreas€TG
3. Increase allowabl€PE

When performance is acceptable, you can save your gain parameters with@\%ave (
command over RS-232C or with the front panel display (presEXieERpushbutton in the
SAVE display).

Alphanumeric Display and Pushbuttons

The ZX has a four-character, dot-matriptelnumeric diglay. All error messges are scrolled
across the display when a fault occurs. You can modify many drive parameters with the three
pushbuttons.

Compumotor

Ie)
=

OK

L L] L]
= gy

Expanded view of Display
and Pushbuttons

BRUSHLESS
SERVO DRIVE

I 000000000000000000000000/0000 I

ZX Drive Display and Pushbuttons
When a fault occurs, the appropriate ZX fault messages will be displayed. A fault code followed
by a description of the fault scroll across the display.

Example: ERROR #04 > OVER_VOLTAGE

Fault messages are displayed continually until the fault is removed and the ZX is turned on
again. Refer t€hapterd Maintenance & Troubleshootirfgr a complete list of error messages
and troubleshooting methods.

You can use the ZX's pushbuttons to modify drive parameters and to display several drive
variables. The figure to the left is an overview of the Main menu panels and sub-panels.
Although only one panel is shown on the display at a time, the ZX's display operates in a menu-
driven format.
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Default Panel —» K

Pushthe up () and
down (D)) pushbuttons
to scrol through the
display.

)

(@] —
%vz o [ S ]
|>O _1 ] : <|
0| M

Main Menu Panel (Overview)

TUNE Menu

DISP Menu

Ul Helpful Hint:
To return to the Main
menu, press the UPand
DOWIgushbuttons
simultaneously.

The default value for the ZX's Configure Pushbutt@®8g command isCPB1 This fully
enables the ZX's front paneCPBZprovides you with access to all front panel displays.
CPBZhowever, will not let you activate any of the menus.

OKis the default message. It indicates that you are in the main menu. Use the up and down
pushbuttons to view the menu items in the following order:

0 OK Default user message, the home panel
0 TUNE Tune Menu

0 DISP Display Menu

0 CMTR Configure Motor Menu

O MiIsC Miscellaneous Menu

To choose a menu, press the up and down pushbuttons to display the menu you want. Press
ENTERto access the sub-panel menu. The table below shows the main menus and sub-
menus.

OK TUNE DISP CMTR MISC
Home Panel PPnn DVEL 605 SAVE
Plinn DERR 606 RFS
PDnn DCA 610 BRmMm
TGnn 620 ADpp
VPnn 630 FOLL/NTFL
Vinn 640 SEQU
VFnn FMCA REV#
JOG

Main Menu Panel for a ZX600 System (Overview)

Pressing the up and down pushbuttons at the same time will return the displaiitonthe
panel, regardless of the sub-menu that you are currently using. If you do not press any
pushbuttons for several seconds, the display will also return to the home panel.

If an error message is scrolling when the front panel is accessed, the scrolling will be
interrupted. When no pushbutton is pressed for several seconds, the scrolling message will
return.

If you hold a pushbutton, the selected feature will repeat automatically. If you hold a
pushbutton for several seconds, the selected feature will repeat automatically at an accelerated
pace. To reset the ZX, press thE, DOWNandENTERpushbuttons together (works like

the Reset]] command).

You can select thEUNEmenu to adjust the system gains for optimum performambe.
ZX is factory-configured for typical user loads. Hence, many applications
do not require tuning The following gains are available.

0 PPnn Position Proportional Gain
0 Plnn Position Integral Gain

O PDnn Position Derivative Gain

O TGnn Tachometer Gain

0 VPnn Velocity Proportional Gain
O Vinn Velocity Integral Gain

O VFnn Velocity Feed-forward Gain

The variablenn represents a percentage ranging f@nto 99. Use thdJPandDOWN
pushbuttons to locate the desired gain parameter on the display panel. To change the gain
value, press and hold tleNTERpushbutton while using thdP or DOWNbushbuttons to
increase or decrease the gain. When the desired value is reached, reld&se DOWN
pushbutton and thENTERpushbutton. After you modify the gain, you can now change
another gain or press th&? andDOWNyushbuttons together to return to the main menu.

To change thenaximumgain values, you must use a terminal and communicate via RS-
232C

Select theDISP menu to display ZX parameters on the front panel. To review the respective
numerical values, press tBNTERpushbutton. The following parameters are may be
displayed:

0 DVEL Display Actual Shaft Velocity in rpm

0 DERR Display Position error in steps (-999 to +999)

0 DCA Display Average Current X 100 (0234=2.34 amps)
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CMTR Menu

Ll Helpful Hint:

All of Compumotor's
resolvers are pre-aligned
to the rotors at the factory,
so this procedure is not
usually necessary.

MISC Menu

SAVE
RFS

BRnn

ADpp

FOLL or NTFL

SEQU

REV#

Select theCMTRmenu to configure the motor typENITRcommand). The following
choices are available:

0O 605 805 910

0O 606 806 920

O 610 810 930

O 620 820 940

0 630 830

0 635 840

0 640

0 FMCA Find Motor Commutation Angle

To select a motor size, locating the desired motor size with the up and down pushbuttons and
press th&ENTERpushbutton. The preset motor size is designated by an asterisk. Changing
motor sizes also changes some of the tuning parameters. The ZX has been configured at the
factory for the motor type that you orderdéflyou change motor sizes, be sure to enter the
proper CMTRvalue To change from one series to another (i.e., 600, 800, or 900) you must
use theCMTRcommand via the RS-232C interface.

WARNING

Disconnect the load prior to re-commutating the motor. System damage and/or personal injury can
occur during re-commutation if the load is attached.

CMTRrecalculates the mechanical offset between the rotor poles and the stator poles. The offset
is factory-set to zero, but you can recalibrate the offset if you seleeMB&panel and press

the ENTERpushbutton to select tHeMCAcommand. This command locates the rotor

magnets relative to the stator windings and allows you to properly commutate the motor.

Selecting theMISC menu allows you to perform a variety of functions. The following
section explains the submenu choices and their functions.

Saves the servo tuning parameters to battery-backed RAM. To use, prebsTER
pushbutton.*SV* will be displayed when this function is executed.

This option returns all servo parameters to factory settings. To use this command, press the
ENTERpushbutton.FSET will be displayed after the command is executed.

This option allows you to change the baud ratex 03, 06, 12, 24, 48, and 96—these

values represent baud rates 300, 600, 1200, 2400, 4800, and 9600 respectively). To change
the baud rate, press tBE&NTERandUP or DOWNbushbuttons simultaneously (as

appropriate).

This option allows you to change the device addigss€presents a device address from 01 to
99). To change the device address, presE MiEERandUP or DOWNbushbuttons
simultaneously (as appropriate).

If you have a ZXNTFL will be displayed in this menu. No further access is granted.

If you have a ZXFFOLL will be displayed. To change the following ratio on the fly, press
the ENTERpushbutton. The four least significant digits of B@L command will be
displayed. The least significant digit represents the following ratio in tenths (it should be
blinking). This indicates that any changes to the following ratio will be in 1/10 increments.
To select a higher magnitude of ratio change, press eithé&iRloe DOWNpushbuttons. This
will respectively move the blinking cursor to the left or right. Any changes to the following
ratio, will now be at this new digit's magnitude.

100s 10s 1ls 0.1s FOL weighting
a b c d Blinking digit location

To change the ratio at the blinking digits magnitude, simultaneously press the enter key with
the appropriate arrow keyYou must press thgPand DOW/gushbuttons simultaneously
to return to the Main menu

This gption allowsyou to select and run grof 99 sguences. Press tlENTERpushbutton.

XSnn will be displayed (the variablen represents the current sequence selected). To select a
new sequence, press tBAITERandUP or DOWNbushbuttons simultaneously (as
appropriate). To run the selected sequence, press orfBNfRiERpushbutton. The display
should showXRnn and run sequena repetitively. Pressing only tHENTER

pushbutton again will return you to th&nn display, where you can select a new sequence.
You must press thdPand DOWNushbuttons simultaneously to return to the Main menu

When you press thHENTERpushbutton, this menu displays the current microprocessor and
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JOG

DSPsoftware revision levels (respectively).

Use the following steps to execute jogging from the front panel:

O Enable the Jog function with tt@SE1command via RS-232C.

O Enable the pushbuttons with t@#B1 command via RS-232C.

O PressENTER—HI will appear. This indicates that the axis will jog at the high jog velocity
(JVH). PresENTERagain to changell to LO (JVL).

0 PresseENTERand the up or down pushbuttorsnfjultaneously to begin jogging. UP
selects CW motion.DOWMNelects CCW motion. If no motion occurs, check the status of your
limits.

O To return to the Main menu, press i@ andDOWNbushbuttons simultaneously.

Motion Profile Application Considerations

This section contains information that you should consider and evaluate when designing and
developing your system.

Positional Accuracy vs. Repeatability

Some applications require high absolute accuracy. Others require repeatability. You should
clearly define and distinguish these two concepts when you address the issue of system
performance.

If the positioning system is taken to a fixed place and the coordinates of that point are
recorded. The only concern is how well the system repeats when you command it to go back
to the same point. For many systems, what is meant by accuracy is really repeatability.
Repeatability measures how accurately you can repeat moves to the same position.

Accuracy, on the other hand, is the error in finding a random position. For example, suppose
the job is to measure the size of an object. The size of the object is determined by moving
the positioning system to a point on the object and using the move distance required to get
there as the measurement value. In this situation, basic system accuracy is important. The
system accuracmust be better than the tolerance on the measurement that is desiredt Consul
the technical data section of the Compumotor Catalog for more information on accuracy and
repeatability.

Move Times—Calculated vs Actual
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Predefined Gos

Preset Mode
Moves

Continuous
Mode Moves

You can calculate the time it takes to complete a move by using the acceleration, velocity, and
distance values that you define. However, you should not assume that this value is the actual
move time. There is calculation delay and motor settling time that makes your move longer.
You should also expect some time for the motor to settle into position. The ZX has minimal
calculation-delay time associated with a @& ¢ommand. This delay can be as low as |00

The ZX has an internal timer that allows you to monitor the elapsed time of your move. The
response of theMcommand shows you the previous move's execution time.

For the fastest possible calculation move times, predefined gos can be us&DHmHe
command is used to execute predefined gos. The predefined gos are faster because any
calculations are performed ahead of time and stored in memory. Refe@DBEiEeommand

to execute a predefined go. Perform the following commands to make a predefined go. You
can have up to 16 predefined moves.

Command Description
> GDEF1,A199,AD1393,V4,D5833D Defines predefined move #1
> GD1 Execute predefined move #1

A preset move is a move distance that you specify in motor steps. You can select preset
moves by putting the ZX into Normal moddNlcommand). Preset moves allow you to

position the motor in relation to the motor's previous stopped position (incremental moves) or
in relation to a defined zero reference position (absolute moves). You can select incremental
moves with the Mode Position IncrementdlRl) command. You can select absolute moves
with the Mode Position AbsolutdfPA command. At any time, you can change the mode

you are in and request the state in which the ZX is configured by issuibiRtmmmand.

The Continuous modéQ command accelerates the motor to the velocity that was last
specified with the Velocity\() command. The motor continues to move at the specified
velocity until Stop §) or Kill (K) is issued (or a velocity change is specified). To change
velocity while the motor is moving, use the instantaneous velocity comnind Another
way to change velocity while moving is to enter Motion Profiling mdde®.

In Motion Profiling mode, all buffered commands are executed immediately—therefore you
only have to enter thé command to change the velocity. 8ds needed following th¥.
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Ll Helpful Hint:

In this example, velocity is
changed based on external
inputs

Continuous mode is useful for the following applications:

O Applications that require constant movement of the load and motion is not based on distance,
but on internal variables or external inputs

O When the motor must be synchronized to external events such as trigger input signals.

Command

\%

PS
MPP
IN1IA
IN2A
LD3

V V V V

MC
A25
AD25
V1

G

T1

V5
TR19
STOP
NG

C

VVVVYVVVYVYVYVYV

Description

Pauses motion until a C command is reached

Places the ZX in MPP mode

Sets up 11 (Input 1) as trigger bit 1

Sets up 12 (Input 2) as trigger bit 2

Disables the CW and CCW limits (This command is not
necessary if the limits are installed )

Sets unit to the Continuous mode

Sets acceleration to 25 rps?

Sets acceleration to 25 rps?

Sets velocity to 1 rps

Executes the move (Go)

Waits 1 sec after the motor reaches constant velocity
Sets velocity to 5 rps

Waits for trigger bit 1 to go on and bit 2 to go off

Stops the motor

Ends Profiling mode

Continues execution of commands
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Incremental
Mode Preset
Moves

Absolute Mode
Preset Moves

Ll Helpful Hint:
The motor will move to
absolute position 8,000.
The second move is 4,000
more steps to the absolute
position of 12,000 steps.
The PRcommand reports
a setpoint (commanded
position) of 12,000 steps.

These commands cause the ZX to run in Continuous mode. The motor regus)esdits fo

1 second, chages velociy to 5 ps, waits foryou to turnil (Input 1) on and turh2 (Input

2) off, and then sys. The V&and STOPcommands stop the motor (tSecommand is not

a buffered command and cannot be used in this situation, unless you wish to halt the
operation in the middle of the programyheDIN command (an immediate command)
simulates the state you want the inputs to be in. In the example above, you could simulate
the activation of the trigger state without physically toggling the inputs, by usiriglkhe
command as follows.

> DINEEE1JEEEEE

E meangdo not affect the inpuA 1 makes the input one,@makes the input zero. Each
E, 1, or@represents an input bit. There are 10 inputs. IThadd in this example
correspond tdél andl2 on the front panel. The firstBs correspond to the CCW, CW,
and Home limits.

When you are in Incremental moddFl), a preset move moves the motor the specified
distance from its starting position. You can specify the direction with the optional sign
(D+80@@br D-8@D(), or you can define it separately with the Change Directibnaf
H-) command.

Command. Description

> LD3 Disables CW & CCW limits (not needed if limits are installed)
> MPI Sets unit to Incremental Position Mode

> MN Places the ZX in the preset mode

> PZ Zeroes the position counter

> A25 Sets acceleration to 25 rps?

> AD25 Sets deceleration to 25 rps?

> V5 Sets velocity to 5 rps

> D8@DD Sets distance to 8,000 steps

> G Executes the move (Go)

> D1203D Sets distance to 12,000 steps

> G Initiates motion

> 1PR Reports the setpoint (commanded) position

Response: 2033J

A preset move in the Absolute moddRA moves the motor to the distance in an absolute
coordinate system that you specify relative to an absolute zero position. You can set the
absolute position to zero with the Position ZdP@)(command or by cycling the power to
the indexer. The absolute zero position is initially the power-up position.

The direction of an absolute preset move depends upon the motor position at the beginning of
the move and the position you command it to move to. If the motor is at absolute position
+12,800, and you instruct the motor to move to position +5,000, the motor will move in the
negative direction a distance of 7,800 steps to reach the absolute position of +5,000.

The ZX powers up in Incremental mode. When you issue the Mode Position Ab&tfRAe (
command, it sets the mode to absolute. When you issue the Mode Position incremental
(MPI) command the unit switches to Incremental mode. The ZX retains the absolute
position, even while the unit is in the Incremental mode. You can use the Position Report
(PR command to read the absolute position.

In the following example, the motor performs the same commands as the incremental position
example. In this case, tiRR command will report a different position because it is working
in an absolute coordinate system.

Command Description

> LD3 Disables the CW & CCW limits (not needed if limits are installed)
> MPA Sets unit to Incremental Position Mode
> Pz Zeroes the position counter

> A25 Sets acceleration to 25 rps?

> AD25 Sets deceleration to 25 rps?

> V5 Sets velocity to 5 rps

> D8QPPJD Sets distance to 8,000 steps

> G Executes the move (Go)

> D120@0D Sets distance to 12,000 steps

> G Initiates motion
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> 1PR Reports the setpoint(commanded) position
Response: 12039

Registration

Registration with the ZX provides the ability to change the move profile which is being
executed to an unrelated move profile defined as a registration fbisunrelated

registration move is executed when an input to the ZX transitions from a

high to a low level. You can only define input #17) as a registration input (refer to
theIN command IN7Q] in theZX Indexer/Drive Software Reference GuifleThe
registration input has the highest priority of any input. Upon receiving the registration input
the motor's current position is captured within 50 microseconds. The registration move
profile is executed durimthe next pdateperiod. The rgistration moveprofile uses the actual
position captured (within 50 microseconds) as its starting or zero reference point.

Velocity Original Move Profile

(rps) T
|
|
: Registration Move Profile
|
|
|
1

Registration Input Time
is Activated

Registration Move

The interrupt is2dge-sensitiveo the voltage high-to-low transition (if you have a bouncy switch
for the registration input, use the debount®l} command to ensure that false registration
interrupts do not occur). With the ZX, a registration interrupt can interrupt another registration
move.

The ZX has 7 programmable inputs labeledthroughl7 . Onlyl7 can be defined as
registration input. REG1defines the move when inpiit is configured as a registration input.

U Helpful Hint: —~
When 17 is defined as a ™~
registration input, it
cannot be toggled at a
frequency higher than 1
kHz, or once every > 1IN7Q
s o
millisecond. ad o gl > REG1,A10,AD10,V10,D25000
O |02
Olo3
Ol o4
O | 10 GND
\/\ Partial view of Model ZX Front Panel
ZX Registration

The syntax for defining a registration move using irluts:
> REG1,A19,AD19,V190,D25800

The registration movREG1will be performed whel/ is activated. The acceleration
(A1Q) will be 10 rp§, the deceleration will be 10 rhghe velocity will be 10 rps, and the
distance traveled will be 25,000 steps.

Bouncy The switch for the registration may be bouncy or noisy and may take a few milliseconds to
Registration settle (since the registration inputs to the ZX are interrupts that are edge sensitive). Hence, a
Inputs bouncy switch each edge appears like a registration interrupt and the registration move is made

from the distance position at which the latest edge was detected. The ZX allows you to
debounce the inputs (with a software command). You can ignore any bouncing transitions
from your switch after the initial registration interrupt occurred. The time in which the
interrupts or false edges are ignored is determined by the number you enteiffoRthe
command. TDRis the debounce time in milliseconds that you specify so the inputs cannot
cause another registration interrupt until the switch settles.

In the following example, an application needs a registration move. The motor has a
resolution of 5,000 steps per revolution. The move must turn the motor 1 revolution at 10
rps. If an input does not occur, the move will be a 500,000-step move. The ZX is

Chapter [ Application Design 51



Jogging the Motor

O Helpful Hint:

If 17 is toggled (voltage high
to low), the corresponding
registration move is run.
The DIN command cannot
be used to activate the
registration input (the
registration inputs are
hardware oriented).

Step O

Step O

Step O
Step O
Step O
Step O

configured as follows:

Command Description

> 1IN7Q Defines 17 as a registration input
> REG1, Al1@, AD1@, V1Qd, D500D Defines the registration move

> D5@DBDDD Sets distance to 500,000 steps
> V5 Sets velocity to 5 rps

> G The preset move is initiated

In some applications, you may want to move the motor manually. You can configure the ZX
to allow you to move the motor manually with the Configure InpNf) command. Define

the jogging velocity with the Jog Velocity High\(H) and Jog Velocity LowJVL)

commands. You can define three different inputs for jogging: CW Jog imgai §j, CCW

Jog input [N#K ), and Jog Speed Select High/LolN#L ). You must also enable the

jogging feature wittDSE1 Once you set up these parameters, you can attach a switch to the
jog inputs that you defined and perform joggigdpresents digits 1 - 7, which you enter).

The following example shows how to define power-up sequence 100 to set up jogging.

Define a power-up sequence.

Command. Description

> XE199 Erase sequence #100

> XD12@ Define sequence #100

> LD3 Disables the limits (not needed if you have limit switches installed)
> JA25 Set jog acceleration to 25 rps?

> JAD25 Set jog deceleration to 25 rps?

> OSE1l Enables Jog function

> JVL.5 Sets low-speed jog velocity to 0.5 rps
> JVH5 Sets high-speed jog velocity to 5 rps
> IN1J Sets |11 as a CW jog input

> IN2K Sets 12 as a CCW jog input

> IN3L Sets 13 as a speed-select input

> XT Ends sequence definition

Reset the ZX.

Command Description

> Z Resets the ZX

Turn onll to move the motor CW at 0.5 rps (until you turn Idff).
Turn onl2 to move the motor CCW at 0.5 rps (until you turnl@ff).
Turn onl3 to switch to high-speed jogging.

Repeat stepd and[] to perform high-speed jogging.

Backlash Compensation

52

The ZX has the capability to compensate for backlash in the gearing of your system. You can
specify different compensations depending on the direction the motor is moving. You will use
theBL command for backlash compensation. Refer t&ie Indexer/Drive Software
Reference Guiddor a detailed description of the backlash command. The syntax of the
command is as follows:

Command Description
> BLn,m Variable n is the amount of CCW steps that should be compensated.

Variable m is the number of CW steps that will be compensated.

If a CW move is made, an extmasteps will be made to account for the backlash. The

concept is that the load will not begin to move until the motor moves enough to make contact
with the gearing. The same is true for the opposite direction. The backlash compensation
may be different in either direction so you can program them independently. The load will not
move until point A contacts point B. This is the backlash associated with changing direction.
Assuming this distance to be 1,000 motor steps the Backlash command will be typed as
follows:

Command Description
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> BL1O@W, 2000 133D is the amount of CCW steps that should be compensated.
2033 is the number of CW steps that will be compensated.

For a 25,000-step CCW move, the motor will actually move 26,000 steps to remove the
backlash but the position counter will only change by 25,000 steps. This is done because the
load is expected to move whenever the motor moves. The load should move a certain distance
when the motor moves a certain distance. If there is backlash in the system, the load will not
move the correct distance when the motor is commanded to move in the opposite direction
from its previous move. In this example, the motor was moving in the CW direction. The
gearing was flush and the teeth were touching. When the direction changes, the teeth must
move 1,000 steps before they are again in contact with the load gear. Thus for the load to
move 25,000 steps the motor will have to move 1,000 steps until the teeth are in contact then
move 25,000 steps so that the load will actually move 25,000 steps. This mode allows you
to compensate for the system error between the motor and the actual load pdk#ion.
compensation only occurs when you change direction

MOTOR SHAFT

1000 steps

Backlash Compensation

Defining a Home Location

The ZX's go home function brings the motor to a home reference position. The homing
function allows backs the motor to a home switch and stops it on a specific edge of the
switch. You can program the active level of the switch. The homing function also allows
you to home to the Z channel of the ZX motor's resolver. This occurs at the rollover between
resolver position 0 and 65535. Use the Display Position Res@®H command to locate

this position.

Homing to a Switch

The ZX home position is located where the edge selected wibSkhemmand of the Home
Limit input occurs (i.e., the ZX regaizes the homeosition as thegosition where the home
limit signal makes a transition from on to off, or from off to on, depending on the selected
edge and the initial direction of the go home move).

Once it recognizes the selected edge , the motor decelerates to a stop. After stopping, the ZX
positions the servo motor away from the selected edge of home limit signal in the opposite
direction of the final approach direction of the go home move. After coming to a stop a
second time, the ZX creeps the motor towards the selected edge at Go Home Final Velocity
(GHB until the home limit input becomes active again or the home limit and the ZX's
resolver Z Channel pulse are active.

You must ensure that the final approach starts from the opposite side of the signal from the
selected edge. If the final approach direction is positive , the final move must start from the
negative side of the selected edge. If there is significant backlash and friction in the system,
and the indexer is instructed to go home in the CW direction, the motor may end up on the

wrong side of the signal and execute its final approach in the wrong direction.

This problem can also occur if the motor's go home speed is high and the Home limit signal
is delayed (by a relay or PLC for example). In such a situation, initiate homing operations
from the @posite side of the selectedgedof home. When the hongroperation is corplete,

the indexer resets its internal position counter.
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Home Limit
Switch Active

CCW Edge oW Edge

)

CW Rotation CCW Rotation

Go Home Description

Go Home

Go Home
Example

O Helpful Hint:
This figure illustrates the
homing procedure for
these set up commands.

You can use the home limit input in conjunction with the resolver's internal Z Channel input
to select a final home position. To enaBl€hannel homing, you must activate B8D1
command. In this situation, a load-activated switch connected to the Home Limit input

locates the general home position area, and the ZX's internal resolver roll-over position is used
for final Home positioning. The internal Z Channel pulse and the Home Enable

input must both be active to mark the home position

Under interface control, the Go HonH command has the for@Hkdirection><velocity>.

This indicates which direction to move, and at what velocity. For example, the cor@idahd
sends the motor in the negative direction at 2 rps in search of the home signal. The go home
velocity can also be set by tlBHVcommand. The last specified value will be used for the go
home.

If you use an input to implement a go home move, the velocity provided I3+Hkeommand is

used to execute the homing function. The acceleration and deceleration parameters for this move
are the home value for accelerati@HA and deceleratiorQHALD. If an end-of-travel limit is

activated before home is found, the indexer reverses direction and attempts to find the home
position again. If the other limit is activated before the indexer finds home, the indexer will stop
trying to go Home. The indexer can indicate whether or not the homing process was successful by
responding to the Request Indexer StaR)sad Go Home StatuR@ commands. After a

successful home move, the position counter is reset to zero.

Command. Description

> LD3 Disables positive and negative limit inputs

> 0OSB1 Back up to home limit

> 0SGl1 The final approach direction is CCW

> OSH1 The reference edge is the CCW edge

> GHA1 Sets go home acceleration to 1 rps?

> GHAD1 Sets go home deceleration to 1 rps?

> GH.5 Sets go home in the positive direction at 0.5 rps

The motor starts to move (CW) toward the home position. Upon reaching the home switch,
the motor stops. It continues to move CW at the final go home speed until it is off of the
home switch. It will then be in position to reverse direction and make its final go home
approach (CCW). It will encounter the home switch on the CW edge first and will continue
to move until the switch is inactive which will be the CCW edge.

Home Limit
Switch Active

<>
Slows to stop Moves off the switch
\ \ to set up for final approach
@ Stops and reverses

A4 direction for final
approach

Final approach
@ GHF= 0.5 rps

Stops on CCW edge
PR = 000000000

®

Initial Home
approach
GHV=4 rps

Go Home Example

Creating Motion Programs and Sequences

You must program the ZX to perform motion functions. A motion program consists of
initialization (or ZX set-up), move profiles, and an 1/0 or RS-232C interface to execute
motion instructions.

Sequence Commands

Sequences are the building blocks of motion programs for the ZX. A sequence can be one
command or up to 8 K bytes of commands. The sequences are stored in battery backed RAM.
A sequence is a set of commands that is executed by issuing that sequence number. The ZX
has programming capabilities that send program control from one sequence to another (i.e., a
GOTGstatement). The ZX also allows you to transfer program control to another sequence
and return to the point of transfer (i.e., a subrout@®$UBcall). The following
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Sequence
Status
Commands

Sequence
Programming
Commands

Sequence
Execution
Commands

Sequence
Branching
Commands

Sequence
Debugging
Commands

Special
Sequence
Commands

commands define, erase, and run sequences as well as other specialized sequence functions.

Refer to thezX

Indexer/Drive Software Reference Guidier detailed descriptions and

syntax of the following commands.

Command

XBS
XC
XDIR
XSD
XSR
XSS

VVVVYVYV

Command

> XD
> XT
> XE
> XEALL

Command

> XQ
> XRP
> XR
> SSJ1

Command

> XG
> GOTO
> XR

> GOSuUB

Command

> XTR
> XST
> XS

> #

> DIN

> DOUT

Command

> WHEN
> XWHEN
> XFK

Description

Reports the number of bytes available for sequence programming
Sequence checksum report

Reports defined sequences and the bytes of memory they occupy
Sequence status definition report

Sequence status run report

Sequence status report

Description

Starts sequence definition

Ends sequence definition

Erases a sequence

Deletes all sequences from battery-backed RAM

Description

Sets/resets Interrupted Run mode

Runs a sequence with a pause

Runs a sequence

Runs a sequence defined by binary weighted sequence inputs

Description

Exits current sequence and moves to execute another sequence
Exits current sequence and moves to execute another sequence
When used within a sequence it jumps to execute another sequence
then returns to the sequence from which it was called

Jumps to execute another sequence then returns to the sequence
from which it was called

Description

Sequence Trace mode
Sequence Single Step mode
Sequence Execution status
Step sequence command
Simulate input state command
Simulate output state command

Description

Special condition command
Special condition sequence
Fault sequence

Chapter [ Application Design 55



56

A sequence is a series of commands. These commands are executed in the order in which they
are programmed when the sequence is run. Immediate commands cannot be stored in a
sequence, just as they cannot be stored in the command buffer. Only buffered commands may
be used in a sequence.

The ZX has 8,000 bytes of nonvolatile memory to store up to 100 sequences. You can use the
XBScommand to determine how many bytes are available in the sequence buffer and the

XDIR command to determine what sequences have been programmed. The sequence buffers
may have variable lengths, so you may have one long sequence or several short ones, as long
as the total length does not exceed the 8,000 bytes of allocated space.

The commands that you enter to define a sequence are presented vertically in the examples
below. This was done to help you read and understand the commands. When you are actually
typing these commands into your terminal, they will be displayed horizontally.

To begin sequence definition, enter the Define Sequetidecbmmand immediately followed
by a sequence number (1 to 100) and a delimiter. The Terminate Sed<iEncenimand
ends sequence definition. All commands that you enterXd@nd beforeXT will be
executed when the sequence is run (see example below).DRtpesee the state of the ZX.

Command Description

> 1DR Displays the present state of the ZX
Perform the following commands.

Command Description

> MPI Places the ZX in the incremental mode
> MN Places the ZX in the preset mode

> FSI@ Places the ZX in the indexer mode

> LD3 Disables the ZX's limits
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Command Description

> XE1 Erases Sequence #1

> XD1 Begins definition of Sequence #1
> A25 Sets acceleration to 25 rps?
> AD25 Sets deceleration to 25 rps?
> V1g Sets velocity to 10 rps

> D50@0 Sets distance to 5,000 steps
> G Executes the move (Go)

> H Reverses direction

> G Executes the move (Go)

> XT Ends definition of sequence
> XR1 Runs Sequence #1

You can run a sequence by enteringXfRcommand immediately followed by a sequence
identifier number (1 to 100) and a delimiter.

Once you define a sequence, it cannot be redefined until you delete it. You can delete a
sequence with th€E command immediately followed by a sequence number (1 to 100) and a
delimiter, then redefine the sequendtu can usXEALLto delete all defined sequences

from battery-backed RAMUse XEALL with extreme caution—erased sequences
cannot be retrieved

Sequence #100 is a power-up sequence (if you have defined it). It is always run when you
power up the system or when you reset the indexer with the R¢semmimand. For

convenience, you may find it advantageous to place all of your set-up commands in Sequence
#100.

Sequences that you define are automatically saved into the ZX's nonvolatile memory. The
only way to erase these ggences is Y using the Erase Spience XE) or Erase All Squences
(XEALL) commands.

Creating and Executing Sequences

Selecting
Sequences

Subroutines

O Helpful Hint:
The XGcommand has no
limit since the program
will not return control to
the original sequence.

Ul Helpful Hint:

You can create sgences via RS-232C. Befoyeu create spiencesyou must understand the
types of motion and the required user interfaces. To determine the proper user interface, you
should be familiar with the methods of selecting sequences within your application.

After you define the sequences from the RS-232C interface, you can execute the sequences by
using one of the following modes of operation:

O Stand Alone Use thumbwheel switches to select and run the sequencesta®eeAlone
Operationin this chapter for more on this feature.

O Computer Interface Use the Execute Sequenéd( command to run sequences. Ségnd
Alone Operationn this chapter for more on this feature.

0 PLC (Programmable Logic Controller)Use the sequence select inputs to run a sequence. See
Stand Alone Operatioim this chapter for more on this feature.

O Front Panel Pushbutton ExecutiorRefer to thePushbutton Operatiosection earlier in this
chapter.

0 Remote Panel Use a remote panel to select programs. Sardalone Operatiom this
chapter for more on this feature.

When you use th6OTCsequenceX@ and execute a sequendd( command, you can

execute different sequences from within a sequence. These commands can be substituted for
the GOTCGand GOSUB:ommands respectively. If you uX&or GOTQthe program will

move to the sequence that you specified@or GOTO After executing the specified

sequence, the system will not return to the original sequence. It will remain in the current
sequence, unless it receives another execution comm@yGOTOor XR/GOSUB.

However, if you use th&¥R or GOSUBommand, the program will return control to the
original sequence that containg& or GOSUB Program control will return to the original
segquence when a Terminatedsence XT) command is reached. Thisompts theprogram to

return to the sequence that initiated the move to another sequence.

You can nest up to 16 different levels of sequences within one program. For example, when
you exit Sequence #1 to execute Sequence #2 witkiR2eommand, you can execute
Sequence #3 from Sequence #2. This nesting procedure can be repeated 16 times.

Command Description
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In the previous example,
when you execute
Sequence #1, the program
moves to Sequence #2.
After executing Sequence
#2, the program returns to
Sequence #1. The
program then moves to
execute Sequence #3.
Trace mode was enabled
to help you see how the
sequence was executed.

XE2 Erases Sequence #2
XD2 Defines Sequence #2
AlBD Sets acceleration to 100 rps?
AD129J Sets deceleration to 100 rps?
V5 Sets velocity to 5 rps
D2503@D Sets distance to 25000 steps

G Executes the move (Go)

XT Ends Sequence 2 definition
XE3 Erases Sequence #3

XD3 Defines Sequence #3

AlQD Sets acceleration to 10 rps?
V5 Sets velocity to 5 rps
D-25000 Sets distance to 25000 steps

G Executes the move (Go)

VVVVVVVVVVVVVYVVVYVYVYVYVYVYV

XT Ends Sequence #3 definition

XE1l Erases Sequence #1

XD1 Defines Sequence #1

XR2 Executes Sequence #2

GOSUB3 Executes Sequence #3 (same as an XRcommand)
XT Ends Sequence #1 definition

1XTR1 Enables Trace mode

XR1 Executes Sequence #1

Asynchronous Events—FAULT and WHEN
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FAULT
Sequence

Step [

Step [

Step O

U Helpful Hint:
The motor will alternate
back and forth
continuously.

Step [

The ZX has special sequences that can run when a certain condition occurs. One such
sauence is th@ower-up squence(sequence 100). ThEAULT andWHENe&uences perate
similarly.

The fault sequence is automatically executed when a fault condition or K Kdt¢urs. Any
condition that faults the ZX (error flashes) activates the fault sequence—if one is defined. If a
kill command is issued, the sequence will also run. You can use the fault sequence to place
the ZX in a safe state and turn off outputs that may be harmful to the rest of the system. You
can use aiF command to determine what condition caused the fault so the fault can be
remedied. The following steps illustrate the use of a fault sequencdF Ttatement

section explains more about tB&nnnnn flag, which indicates what fault condition

occurred.

Define an input as a user fault input. You can use this input to indicate that a fault has
occurred somewhere external to the system. This input will cause a fault condition.

Command Description
> IN1U Defines input #1 as a user fault input

Designate Sequence #10 as the fault sequence.

Command. Description

> XFK1@ Designates sequence 10 as the fault sequence
> XE19 Erases sequence #10

> XD1@ Defines sequence #10

> 1"External_Fault Quote command

> XT End definition of sequence #10

The quote command sends a message over the RS-232C link to the terminal to tell the
operator that a fault has occurred. You can use the Quote command to write statements to the
terminal. Sequence #10 will now be executed whenever a fault occurs. You may now
program. In the following example, an alternating loop will be performed.

The normaktateof this example application will be an alternating loop.

Command. Description

> ASQ Acceleration is 50 rps?
> AD4@ Deceleration is 40 rps?
> D5@000 Distance is 50000 steps
> V7 Velocity is 7 rps

> L Loop command

> G Initiates motion

> H Change direction

>N End the loop

You will now cause a system user fault error. Input states can be simulated vibiiNthe
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O Helpful Hint:
Sequence #10 should
automatically execute
when the fault occurs.

Ul Helpful Hint:
Depending on which error
caused the program to
branch to the fault
sequence, the appropriate
message will be
displayed. Disable the
fault sequence with the
XFK@command.

WHEN
Sequence

Step U

Step O

Step [

command.

Command Description
> DINEEE1 Input #1 is activated

Error #66 should scroll across the ZX's display. To clear the fault, enter the following
command.

Command Description
> ON Clears fault message

An IF statement could have been used to determine what fault condition occurred, then
branched to a sequence that handled that fault condition appropriately. For example, the fault
sequence will run for several faults. These faultdiaits reachedgeneral servo faultand

user faults Each bit in the error flagERnnnnnnn) corresponds to one of these faults.

Use thdF statement to determine which one occurred. Retype sequence #10 (the fault
sequence) as follows:

Command. Description

> 1XE1Q Erases sequence 10

> 1XD1g Defines sequence 10

> |F(ER1) IF the CCW limit is hit then

> 1"CCW_LIMIT_WAS_HIT Display a message

> NIF End the IF (ER1) statement

> IF(ERX1) IF CW limit is hit then

> 1"CW_LIMIT_WAS_HIT display a message

> NIF End the IF (ERX1) statement

> [F(ERXXXXXX1) IF the user fault occurred, display a message
> 1"USER_FAULT

> NIF Ends the IF (ERXXXXXX1) statement
> XT Ends fault sequence statement

The WHEMNequence runs when a specific condition is true. This could be a variable having a
certain value, the inputs being in a specific state or the user flag having a set state. Whatever
sequence or program is currently running will be interrupted when the condition is true and the
sequence designated by Ke&/HENMommand will be executed. In the following example,
whenVariable 3> 50, orlnput #1is on, the ZX will execute thEWHENequence.

Command Description
> WHEN(VAR3>50 OR_INXXX1) The when statement that must evaluate true in order
for the XWHEN sequence to be run is defined.

The WHENsequence is now defined. Sequence #8 iSMHENsequence.

Command Description

> XWHENS Sequence 8 is designated as a WHEN sequence
> XE8 Erases sequence #8

> XD8 Begin definition of Sequence #8
> A5Q Acceleration is 50 rps?

> AD4Q@ Deceleration is 40 rps?

> D300 Distance is 30000 steps

> V5 Velocity is 5 rps

> G Initiates motion

> XT Ends the sequence definition
The normal program to be executed is defined and executed here.
Command Description

> VAR3=0 Variable 3 is initialized to 0

> ASQ Acceleration is 50 rps?

> AD4@ Deceleration is 40 rps?

> D5@00D Distance is 50000 steps

> V7 Velocity is 7 rps

> L Loop command

> G Initiates motion

> VAR3=VAR3+1 Variable 3 is increased

>N End the loop

You can cause th&/HENsequence to occur using either BIi®& command to activate the
input that will satisfy theVHENondition or the current program will run 50 times, then the
WHENMNequence will be executed.
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Step [

EnterXWHEN@You can use th&/HENstatement to change the mode of operation. This
command can also preview the effect of multfielENtatements. Using an input to

execute theXWHENequence can change or interrupt the program. WithiXx\WEEN
sequence, you can usel&nstatement to check the state of one or more inputs. Based on the
state of the inputs, different sequences can be executed. DisaXW¥ittedequence before
continuing with this procedure by enteriX4yVHEND

Power-Up Sequence Execution
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U Helpful Hint:
Sequence #100 always
runs on power up. Torun
another sequence on
power up, put an
XR<num> (or XGnum>)
at the end of sequence
#100. If sequence #100 is
empty, nothing happens on
power up.

U Helpful Hint:
You can put any buffered
commands into sequence
#100 (if you want to
execute them during
power up).

The ZX can be programmed to execute a sequence of commands on power up (Ssequences can
be used as subroutines). Refer todie Indexer/Drive Software Reference Guide
for detailed descriptions and syntax of the following commands.

Command. Description

> XE1909 Erases sequence #100

> XD1g@ Begins definition of sequence #100
> LD3 Disables limits

> A20 Sets acceleration to 20 rps?

> AD2¢ Sets deceleration to 20 rps?

> V5 Sets velocity to 5 rps

> D125@@ Sets distance to 12,500 steps

> MN Sets to Normal mode

> MPI Sets into the incremental mode

> FSI@ Sets unit to the indexer mode

> XG1 Go to sequence #1

> XT Ends sequence definition

> XE1 Erases sequence #1

> XD1 Defines sequence #1

> G Executes a go command

> XT Ends definition of the sequence
>Z Resets the indexer and runs sequence #100

A power-up sequence typically stores set-up or initialization parameters that your application
requires.Having motion in your power up sequence is not recommeriebemples of set-up
commands are listed below.

Command. Description

> SSJ1 Continuous Sequence Scan Mode
> SN Scan time

> JA Jog acceleration

> JVL Jog velocity low

> JVH Jog velocity high
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Sequence Debugging Tools

Trace Mode

Step [

Step [

Step O

Step [

After sequences are created, you may need to debug them to ensure that they perform the
functions properly. The ZX provides several debugging tools.

O In Trace mode, you can trace a sequence as it is executing.

O You can set the state of the ZX 's inputs & outputs via software commands.

O You can enable error messages to explain why the ZX has stopped execution due to a
programming error.

You can use the Trace mode to debug a sequence or a program of sequences. Trace mode

tracks, command-by-command, the entire sequence as it runs. It displays to your terminal,

over the RS-232C serial link, all commands as they are executed. The following example

demonstrates Trace mode.

Create the following sequence:

Command Description

> XE1 Erases sequence #1

> XD1 Defines sequence #1

> A1QD Acceleration is 10 rps?

> AD1@ Deceleration is 10 rps?

> V5 Velocity is 5 rps

> L5 Loop 5 times

> GOSUB3 Jump to sequence #3

>N Ends the loop

> XT Ends the definition of sequence #1
Define sequence #3.

Command Description

> XE3 Erases a sequence

> XD3 Defines sequence #3

> D500 Sets the distance to 50000 steps
> G Initiates motion

> XT Ends the definition of sequence #3
Enter the following command to enable Trace mode.
Command Description

> 1XTR1 Enables Trace mode

Execute the sequence. The commands will be displayed on the terminal as each command in the
sequence is executed. Enter the following command.

Command Description
> XR1 Run sequence #l—response:

*SEQUENCE_@@1 COMMAND_A12

*SEQUENCE_@@1___ COMMAND_AD1@
*SEQUENCE_@@1 ___ COMMAND_V5
*SEQUENCE @@1 __ COMMAND_L5

*SEQUENCE_@d1 COMMAND_GOSUB3 LOOP_COUNT_1

*SEQUENCE_@@3 __ COMMAND_D5@@@@ __ LOOP_COUNT 1

*SEQUENCE_@@3 _ COMMAND_G___LOOP_COUNT 1

*SEQUENCE_@J3 COMMAND_XT. LOOP_COUNT_1
*SEQUENCE_@J1 COMMAND_N LOOP_COUNT_1

*SEQUENCE_@d1 COMMAND_GOSUB3 LOOP_COUNT_2

*SEQUENCE_@@3 ___ COMMAND_D5@@@@ __ LOOP_COUNT 2
*SEQUENCE_@@3 __ COMMAND_G___ LOOP_COUNT 2

*SEQUENCE_@@3 __ COMMAND_XT___LOOP_COUNT 2

*SEQUENCE_@J1 COMMAND_N LOOP_COUNT_2
*SEQUENCE_@d1 COMMAND_GOSUB3 LOOP_COUNT_3

*SEQUENCE_@@3 ___ COMMAND D5@@@@ _ LOOP_COUNT 3

*SEQUENCE_@@3____COMMAND_G___LOOP_COUNT 5

*SEQUENCE_@@3 ___COMMAND _XT____LOOP_COUNT 5
*SEQUENCE_@@1 __ COMMAND_N____LOOP_COUNT 5

*SEQUENCE_@dJ1 COMMAND_XT

The format for Trace mode display iSequence Number_Command_Loop Count
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Step U To exit Trace mode, enter the following command:

Command Description

> XTR@Q Exits Trace mode
Single-Step Single-Step mode is another level of debugging. This mode allows you to execute one
Mode command at a time as desired. Y& to enable Single-Step mode. To execute a command,

use the# sign. By enteringt followed by a delimiter, you will execute the next command in
the sequence. If you follow thewith a numberrf) and a delimiter, you will execute the next
commands. The following steps demonstrate Single-Step mode.

Step U Enable Single-Step mode.
> XST1
Step O Begin execution of sequence #1
> XR1
Step O You will not execute any commands until you use#htmmmand.
Command Description
> # Executes one command

The response will be:
*SEQUENCE_@@1 ___ COMMAND_A1®

Step U To execute more than one command at a time, follow théh the number of commands
you want to execute.

Command Description
> #3 Executes 3 commands, then pauses sequence execution

To complete the sequence, use#hggn until all the commands are completed. To exit
Sequence-Step mode, type:

> XST@
Simulating 110 If your application has inputs and outputs that integrate the ZX with other components in your
Activation system, you can simulate the activation of these inputs and outputs so that you can run your

sequences without activating the rest of your system. Thus, you can debug your program
independently of the rest of your system. This is the same way in which a PLC program can
be debugged by simulation of input and output states to run various portions of the program.
The ZX uses two commands that allow you to simulate the input and output states desired.
The DIN command controls the inputs and ti®@UTcommand controls the outputs.

You will generally use th®IN command to cause a specific input pattern to occur so that a
sequence can be run. Use B@UTcommand to simulate the output patterns that are needed

to prevent an external portion of your system from operating. You can set the outputs in a
state that will be the inactive state of your external system. When you execute your program, a
part in the program that will activate the outputs will not actually turn the outputs on to their
active state because tB®UTcommand overrides this output and holds the external portion of
the machine in an inactive state. When the program is running smoothly without problems

you can activate the outputs and the ZX will affect the external system.

Outputs The following steps describe the use and function oDi@& Tcommand.
Step O Display the state of the outputs with tB& TandO commands.
Command Description
> 10UT Displays the state of the outputs
The response will be:
*1_A_PROGRAMMABLE_OUTPUT (STATUS_OFF)
*2 A PROGRAMMABLE_OUTPUT (STATUS_OFF)
*3_A PROGRAMMABLE_OUTPUT (STATUS_OFF)
*4 A PROGRAMMABLE_OUTPUT (STATUS_OFF)
Command Response
> 10 *DODD
> DOUTIL1EE
Step U Change the output state using deommand.
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Command Description

> 01119

Step O Display the state of the outputs with @& TandO commands.
Command Description
> 10UT Displays the state of the outputs
The response will be:
*1_A_PROGRAMMABLE_OUTPUT (DISABLED_ON)
*2_A_PROGRAMMABLE_OUTPUT (DISABLED_ON)
*3 A PROGRAMMABLE_OUTPUT (STATUS_ON)
*4 A PROGRAMMABLE_OUTPUT (STATUS_OFF)
Command Response
> 10 *1110

Step O You can now disable the outputs into the inactive state usinp@i¢Tcommand. ArE
does not affect the output.
> DOUTOOEE

Step O Display the state of the outputs with @& TandO commands.
Command Description
> 10UT Displays the state of the outputs
The response will be:
*1_A PROGRAMMABLE_OUTPUT (DISABLED_OFF)
*2_A_PROGRAMMABLE_OUTPUT (DISABLED_OFF)

*3 A_PROGRAMMABLE_OUTPUT
*4_A_PROGRAMMABLE_OUTPUT

(STATUS_ON)
(STATUS_OFF)

Command Response
> 10 D012
Inputs The following steps describe the use and function obiiNecommand. You can use it to

cause an input state to occur. The inputs will not actually be in this state but the ZX treats
them as if they are in the given state and will use this state to execute its program.

Step U This sequence will wait for a trigger state to occur and will then begin moving in Continuous
mode. An input that is configured as a st8piaput will stop motion.
Command Description
> 1IN1A Input #1 is a trigger input
> 1IN2A Input #2 is a trigger input
> 1IN3D Input #3 is a stop input
> 1INLD The active input level is low
> 1XE1
> 1XD1 Define sequence #1
> TR11 Waits for the input trigger state to be 11
> A1GQ Acceleration is set to 100 rps?
> AD199@ Deceleration is 100 rps?
> V5 Velocity is 5 rps
> MC The continuous mode is activated
> TR1Q Waits for a trigger input state of 10
> G Begins motion
> XT Ends sequence definition
Step U Turn on the Trace mode so that you can view the sequence as it is executed.
Command Description
> 1XTR1 Turns on Trace mode
Step U Execute the sequence.
Command Description
> XR1 Runs sequence #1
Step U When theTR11 command is encountered, program execution will pause until the trigger

condition is satisfied. Simulate the input state withid command. Inputs with anE
value are not affected.
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>C
High-Level Programming Tools

Step [

Step [

Ul Helpful Hint:
To deactivate the I/O
simulation commands:

Error Messages

Data

Ul Helpful Hint:
The recommended
method of controlling the
input lines to read data is
through thumbwheels. A
PLC may also be used to
enter data.

Delays

> 1DINEEE11EEEEE

When theTR1@trigger is encountered, program execution will pause for the new input
pattern. Use thBIN command to simulate the desired input state.

> 1DINEEE1ZEEEEE

The motor will move continuously until a the stop input is activated. Activate the stop input
with the DIN command.

> 1DINEEE1Q1EEEE

> 1DINEEEEEEEEEE
> 1DOUTEEEE
The ZX has an Error Message mode that displays an error message when an invalid command

is attempted. This error message can be useful in debugging a sequenS&Ntbemmand
enables Error Message mode. The following commands demonstrate this mode.

Command Description
> 1SSN1 Enters the error message mode

> 1D1030BBBDBDD
The ZX will respond with an error messageNVALID_DATA_FIELD

Command Description
> 1DK1333D

The ZX will respond with an error messageNVALID_COMMAND

The error message mode can be exited by typing:

Command Description
> 1SSN@ Exits the error message mode

Inputs can be defined as data inputs to allow for external entry of motion data, loop counts,
sequence select, time delays, and variable values. The following commands will read and enter
data from the inputs.

0 VARD Variable Read 0 TRD Time Delay

0 DRD Distance O XRD Sequence Number
0 VRD Velocity 0 FRD Following Ratio

0 LRD Loop Count

The input lines when configured as data inputs are weighted differently than sequence select
inputs. The weighting for data inputshimary coded decimalr BCD. This weighting

allows you to enter data via thumbwheels. To use the data inputs to enter data, the outputs
must also be used. Outputs 1 - 3 must be configured as data strobe outputs. They are used to
select or strobe the appropriate while reading data. Up to 16 digits of data and one sign bit

may be entered.

You can use the Tim&) command to halt the operation of the indexer function for a preset
time. InContinuous modeyou may use the Timd) command to run the motor at
continuous velocity for a set time, then change to a different velocitirelset modethe

motor finishes the move before the indexer executes the time delay.

Command. Description

> PS Waits for the indexer to receive a C command before executing the
next command

> D25000 Sets distance to 25000 steps

> G Moves motor 25,000 steps

> T5 Waits 5 seconds after the move ends

> H Changes motor direction

> G Moves motor 25,000 steps in the opposite direction

Continues execution

64

The Model ZX's X-language includes some commands that are common in most high-level
programming languages (Pascal, Fortran or BASIC). In addition to these commands, 30
variablesVAR1-VAR3@are provided for performing mathematical functions and Boolean
comparisons. You can access some system variaBles{Commanded Position or
Setpoint) and~EP (Following Encoder Position).
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Ll Helpful Hint:
The condition statements
that are evaluated can be
very complex. The
condition statements
support all of the following
decisions.

Variables

Branching commands evaluate condition statements (see below) to make branching decisions.
If the condition is true, one set of commands is processed—if the condition is false, another
set of commands will be executed.

IF (condition true)—execute these commands
ELSE—execute these commands
NIF

WHILE (condition true)—execute these commands
NWHILE

REPEAT—Execute these commands
UNTIL (condition true)

The ZX has up to 30 variables that can perform multiplication, division, addition, and
subtraction. You can assign these variables to various motion parameters. These parameters
and the syntax of assigning a variable to them are listed here.
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0 Helpful Hint:
Variable assignments can be
made in sequences or in
Immediate Terminal mode.
If a variable with a fractional
portion is assigned to a
parameter that requires a
whole number (such as
distance) the variable is
rounded to the nearest whole
number and assigned to the
parameter.

Assigning
Variables to
Constants

Step [

Step O

Step O

Step [

Step O

Entering
Variables Via
RS-232C

Step O

Ul Helpful Hint:

To enter the variable, you
must precede the number
with an exclamation point

).
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Command Description

D(VAR1) Loads the distance with the value of variable 1
V(VAR4) Loads the velocity with the value of variable 4
A(VARS) Loads the acceleration with the value of variable 5
AD(VART) Loads the deceleration with the value of variable 7
FP(VAR9) Loads the following point with the value of variable 9
DP(VAR1) Loads the distance point with the value of variable 1
L(VAR3Q) Loads the loop count with the value of variable 3Q
XR(VAR21) Executes the sequence number held in variable 21
T(VAR3) Loads the time delay with the value of variable 3
FOL(VAR29) Loads the following ratio with the value of variable 29

You can set parameters as variables in a sequB(i¢AR). You can define these variables
by assigning a constant value. When the sequence is run, this value is assigned to the
corresponding parameter in the sequence.

The sequence below executes a move and travels the distance provided in variable #1 and the

velocity provided in variable #2.

Command Description

> LD3 Disables limits (Not needed if limits are installed)
> MPI Places the ZX in incremental mode

> MN Enters the normal mode

> FSIQ Places a ZXF in the indexer mode. Required only with Following option.
> XE1 Erases sequence #1

> XD1 Defines sequence #1

> AlQ Sets the Acceleration

> AD19 Sets the Deceleration

> V(VAR2) Assigns variable #2 to the velocity term

> D(VAR1) Assigns variable #1 to the distance term

> G Initiates motion

> XT Ends the sequence definition

Assign numbers to the variabl§®AR1andVAR2

Command Description
> VAR1=250@@  The distance parameter is assigned 25000
> VAR2=5 The velocity parameter is assigned 5

Execute sequence #XR1). The motor will move 25000 steps at 5 rps. Verify that the
distance D) and velocity{) have been assigned these values.

Command Description

> 1V @5.0DDDD

> 1D *D+ODBD25DDD

Now change the values of the variables as follows.
Command Description

> VAR1=750@@  The distance parameter is 75,000

> VAR2=10 The velocity parameter is assigned 10

Repeat steps and[d.

When using variables in sequences, R8N command can interactively prompt the user to
enter a variable number.

Define the following sequence:

Command. Description

> 1XE1

> 1XD1 Defines sequence #1

> 1"ENTER_THE_NUMBER_OF_PARTS Prompts you for the # of parts to make

> 1CR Inserts a carriage return

> 1LF Inserts a line feed

> VAR5=RSIN Sequence stops and waits for a # to be entered
into variable 5

> 1CR Inserts a carriage return

> 1LF Inserts a line feed

> L(VARD) The loop count is loaded with the number of parts
to make

> D25000 Distance is 25000 steps

> G Initiates motion

>N Ends the loop
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> 1"FINISHED_WITH_PARTS_RUN Indicates that the run is finished
> 1CR Inserts a carriage return

> 1LF Inserts a line feed

> XT Ends sequence definition

The RSIN command prompts you to enter a variable via RS-232C that will be used in a
sequence. When a variable is assignd®StN, the execution of the sequence is stopped until
you enter the variable.

Step U Turn on Trace mode and run the sequence.
> 1XTR1
> XR1
Step U The program will stop at theSIN command and wait for you to be enter a variable number.
Enter the variable number.
> 110

The sequence executes a 25,000-step move 10 times making 10 parts.
Math Operations

In addition to assigning constants to variables, two system parameters can be assigned to a
variable.

0 POS—Commanded Position
0 FEP—Following Encoder Position

These parameters are assigned as if they were constants. For example:

Command Response
> VAR1=POS Assigns the current value of the command position to variable #1

Performing Math The ZX has the ability to perform simple math functions with its variables (add, subtract,
Operations with multiply, and divide). When performing these math functions, théridixcatesthe decimal

: after five places to the right. The following sequence of steps illustrates the math capabilities
Variables

of the ZX.
Step [ Addition:

Command Response

> VAR1=5

> VAR23=103@.565

> VAR11=VAR1+VAR23

> VAR23=10+VAR23

> VAR1=VAR1+5

> 1VAR1 * +@DDDDDDDDDDDDD.DDDDD

> 1VAR11 * +BODDDDDDDDD1DD5 56587

> 1VAR23 * +@ODDDDDDDDD1 DD 56507
Step U Subtraction:

Command Response

> VAR3=10Q

> VAR2@=15.5

> VAR3=VAR3-VAR20

> VAR19=VAR2@-VAR3

> 1VAR3 * - BODDDDDDDDDDDS.5BDDD

> 1VAR2Q * +BODODDDDDDDDB15.58DDD

> 1VAR19 * +@ODDDDDDDDDD21.DDDDD
Step U Multiplication:

Command Response

> VAR3=10

> VAR2@=15.5

> VAR3=VAR3*VAR2Q

> VAR19=99

> VAR19=VAR2@*VAR19

> 1VAR3 * +@ODDDDDDDDDD155.DDDDD

> 1VAR20 * +@DDDDDDDDDDDD15.50DDD

> 1VAR19 * +BODDDDDDDDD1534.5BDBD
Step O Division:

Command Response
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VAR3=10

VAR2@=15.5

VAR3=VAR3/VAR2Q

VAR3@=75

VAR19=VAR3@/VARS3

1VAR3 * +@BDDBDDDDDDDBDD.64516
1VAR2Q * +DDDBDDDDBDDDDB15.5DBBD
1VAR3@ * +DDDBDDDDBDDDD75.DDDBD
1VAR19 * +@DDDDDBDDDDD116.25023

Complex Branching and Looping

The ZX supports the high-level language structures for branching and looping. Each
conditional branch or loop evaluates a condition statement. Depending on whether this
condition statement evaluates true or not determines where the ZX will branch to. The
unconditional branching and looping statements have been introduced already. These are the
GOT(Branch), GOSURBranch & Return) antl (Loop) command. The command is
explained further here.

VVVYVYVVYVYVYV

Unconditional The loop command is an unconditional looping command You may use thell)oop (
Looping command to repeat a series of commands. You can nest Loop commands up to 16 levels deep.
O  Helpful Hint: Command Description
The motor moves atotal of > PS Pauses execution until the indexer receives a Continue (C) command
10,000 steps > MPI Sets unit to Incremental mode
> A50 Sets acceleration to 50 rps?
> V5 Sets velocity to 5 rps
> L5 Loops 5 times
> D200D Sets distance to 2,000 steps
> G Executes the move (Go)
> T2 Delays 2 seconds after the move
>N Ends loop
>C Initiates command execution to resume
O Helpful Hint:
The example below shows Description Command
E\%%go;lggg.n?nsiﬁs{oop Pauses_ command execution > PS
example, the motor makes Loops indefinitely >L
two moves and returns a Sends a line feed > 1LF
line feed. The unit repeats Loops twice > L2
these procedures until you Executes 2,000-step move >G — Loop
instruct the it to stop [Stop Waits @.5 seconds >T5 — f;sged
(S) or Kill (K)]. Ends loop >N
Ends loop >N
Continues command >C
execution

Unconditional The unconditional branching commar@©TCandGOSUBvere explained earlier in the
Branching sequence section.

Conditional You can use the following types of conditional statements with the ZX.
Statements O Error Flags
0 User Flags
0 Input State
0 Boolean Comparisons
Error Flags The error flag ERXXXXXXXis useful if you want to trap different error conditions and create

different sequences to respond to them. ZXe Indexer/Drive Software Reference
Guideexplains the errors that can be trapped in the evaluation command description. An
example of the statement's use is provided below.

> IF(ER110XXXX)

> GOSUB2
> NIF

User Flags You can set the user flagL@@@d111XPand modify it within sequences to mark where the
program has gone or to indicate any special state so a conditional statement can be made.

> WHILE(FL@@11XXXX)
> D10@
> G
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> NWHILE

Input State An example of this statement's us®111113@319) is provided below.
> REPEAT
> GOSUB4
> UNTIL(ING@1XX11)
Variable « VARN>VARM
Comparisons * VARN<VARM
e VARN=VARmM
IF(VAR1>VAR2)
WHILE(VAR3=1Q)
GOSUB2
NWHILE
NIF
Boolean An example of the statement's use is provided below.
Comparisons
WHILE(VAR3>10_AND_IN11@@11)
GOSUBS8
NWHILE
Conditional The ZX supports two conditional looping structureREPEAT/UNTIL andWHILE
Looping
REPEAT/ With theREPEATcommand, all commands are repeated betviRiEREAT andUNTIL.
UNTIL The ZX stops executing the commands whenthd IL condition is true.
Step [ Command Description
> VAR5=0 Initializes variable 5 to 0
> 1XE1QD Erases sequence #10
> 1XD1g Defines sequence #10
> REPEAT Begins the REPEAT loop
> A5Q@ Acceleration is 50 rps?
> AD5@ Deceleration is 50 rps?
> V5 Sets velocity to 5 rps
> D2500D Distance is 25,000 steps
>G Executes the move (Go)
> VAR5=VAR5+1 Variable 5 counts up from O
> UNTIL(INXXX1110_OR_VAR5>1d) When 1119 input condition occurs or VAR5 is > 10, the loop will
stop
> 1"DONE_LOOPING Quote command indicates that the loop is finished
> 1CR Inserts a carriage return
> 1LF Inserts a line feed
> XT Ends sequence definition
Step U Use the Trace mode to display the commands as they are run.
> 1XTR1
> XR1@

The loop can be exited either by using BM& command to satisfy the input state or letting
the VARS counter count to 10. When usingREPEAT/UNTIL loop, all of the

commands betwedREPEATandUNTIL are executed at least once before the loop reaches
the evaluation statement in tRENTIL line. This is not true with th&/HILE loop.

WHILE With the WHILE command, all commands betwedfHILE andNWHILEare repeated
WHILE condition evaluates true. The evaluation of the condition is done at the end of any
current move in progress.

Step O Command Description
> VAR5=0 Initializes variable 5 to 0
> 1XE1Q Erases sequence #10
> 1XD1g Defines sequence #10
> WHILE(INXXX111g@ OR_VAR5<1@) While the input pattern is equal to XXX111d or

variable 5 is less than 10, repeat the loop

> A5Q Acceleration is 50 rps?

> AD5@ Deceleration is 50 rps?

> V5 Velocity is 5 rps

> D25009 Distance is 25000 steps

> G Executes the move (Go)

> VAR5=VAR5+1 Variable 5 counts up from 0

> NWHILE Last command in the WHILE loop
> 1"DONE_LOOPING Indicates that the loop is done
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Step [

> 1CR Inserts a carriage return
> 1LF Inserts a line feed
> XT Ends sequence definition

Use the Trace mode to display commands as they are run.

> 1XTR1
> XR1@

You can exit the loop with thBIN command (cause the input state to not matchNhe
command). You can also exit the loop by setting\AdR5 counter to 10. If the input pattern
is notXXX111¢ the loop will not be run.

Conditional Branching

70

Error Flag

User Flag

O Helpful Hint:
Refer to the ZX
Indexer/Drive Software

Reference Guide for a

description of SFL.

You can use thi#= statement for conditional branching. All commands betwEeand

ELSE are executed if the condition is true. If the condition is false, the commands between
ELSE andNIF are executed. If thELSE is not needed, it may be omitted. The

commands betwedRr andNIF are executed if the condition is true. Examples of these
statements are provided.

O Error Flag
O User Flag
U Input State

ThelF command can check for error conditions. If an error exists, a conditional command
may be executed. This command is useful if you wish to trap different error conditions (Drive
Disabled, User Fault Input Activated, Excessive Position Error, etc). ReferZocthe
Indexer/Drive Software Reference Guider more information on thER evaluation

with thelF command.

Command Description
> XE10 Erases sequence #10
> XD1@ Defines sequence #10—when a fault occurs, sequence #10 will
run—the sequence is defined with XFK1gd (below)
IF(ER1) If hardware CCW limit switch is reached, perform following
commands:
1"CCW_LIMIT_HIT Display the error message
NIF Ends IF statement
IF(ERX1) If hardware CW limit switch is reached, perform following
commands:
1"CW_LIMIT_HIT Display the error message
NIF Ends IF statement
XT Ends Sequence loop
> XFK1@ Sets Sequence #10 as the Fault sequence

This command uses the pattern set by the User Blalg)(command to run conditional

commands. This command is useful if you want to make a decision based on previous
sequence executions that will set or clear the user flag bits. For example, if an application has
several sequences, you can assign different bit patterns wifrtheommand at the end of

each sequence. If you select these sequences from the host computer, you may wish to make
different moves depending on the sequence you ran.

Command Description

> PS Waits for the indexer to receive a Continue (C) command before
executing the next command

> SFL191@ Sets user flag bits 7 & 5 and clears bits 6 & 4, remaining bits not altered

> |IF(FL1919) If user flag bits 5 & 7 are set, and bits 6 & 4 are clear, perform following
commands

> Al1Q Sets acceleration to 10 rps?

> V5 Sets velocity to 5 rps

> D25@000 Sets distance to 25,000 steps

> G Executes the move (Go)

> NIF Ends IF statement

>C Continues execution

If the FL pattern matches tHgFL setting, the motor moves 25,000 steps. You can change
the SFL pattern at different points in sequences to map a path for sequence execution.
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Input State

This command compares the input patteEW(CCWHMandI1 -17 ) to execute the
conditional commands. This command is useful for branching and performing conditional
moves using the programmable inputs. For a detailed description of this command, refer to
theZX Indexer/Drive Software Reference Guide

Command

> 1XE5

> 1XD5
IF(INXXX10)
AlQ
V5
D25@33@
G
NIF
IF(INXXX@1)

AlQ
V5

Description

Erases sequence #5

Defines sequence #5

If I1 is active and 12 is not active, issue the following commands:
Sets acceleration to 10 rps?

Sets velocity to 5 rps

Sets distance to 25,000 steps

Executes the move (Go)

Ends IF statement

If I1 is not active (open) and 12 is active (closed), issue the
following commands:

Sets acceleration to 10 rps?

Sets velocity to 5 rps
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Branching
Using Variables
and Boolean
Logic

Motion Profiling
Mode—On-the-
Fly Changes

Changes Based
on Distance

D-5099 Sets distance to 5,000 steps in the opposite direction

G Executes the move (Go)
NIF Ends IF statement
IF(INXXX1) If I1 is active, do the following command.
1"DONE Ends message saying done
NIF Ends IF statement
> IXT Ends sequence definition

UseDIN or the inputs to execute the different trigger input states. You can use the Trace
mode to see what commands are executed.

You can use thé#= statement to branch based on variable values. Multiple comparisons can
be made in one condition statement using the Bod#andANDfunctions. The

limitation of how many comparisons can be made is limited to a command line length of 80
characters.

Command Description

> XE8 Erases sequence 8

> XD8 Defines sequence 8
VAR5=15 Variable 5 =15

IF(VAR5>10_AND_VAR4=2@) If Variable 5 is greater than 10 and variable 4 = 20 then
perform the commands until the ELSE

Al13QD Sets acceleration to 100 rps?
AD1Q0Q@ Sets deceleration to 100 rps?
V5 Sets velocity to 5 rps
D2500 @ Sets distance to 25,000 steps
G Executes the move (Go)
VAR5=VAR5-1 Variable 5 decrements one
ELSE Ends IF statement
Al3d Sets acceleration to 100 rps?
AD109 Sets deceleration to 100 rps?
V5 Sets velocity to 5 rps
D-500@ Sets distance to 5,000 steps in the opposite direction
G Executes the move (Go)
NIF Ends the IF

> XT Ends sequence definition

The Motion Profiling mode allows you to execute buffered commands while a move is being
made (on-the-fly). When you enter this mode, the ZX will process all the commands that you
enter immediately. You can enter and exit this mode from within a sequence. This mode
allows you to change velocity on-the-fly based on distance, turn on outputs based on distance,
perform math and other commands while in motion. The following commands are used with
Motion Profiling mode.

0 MPPR—Enter Motion Profiling Mode

0 NG—Exits Motion Profiling Mode

0 DP—Sets Distance Points within Motion Profiling Mode
O

FP—Sets Distance Points from a following encoder with Motion Profiling mode (ZXF only,
refer toChapterd Following)

While the ZX is in Motion Profiling mode, you can execute any command while a move is
being made. When the ZX encounterdviiPcommand in a sequence, all subsequent
commands will be executed until th&scommand is encountered. An example ofNiP
command is provided below.

XD1 D5@@@@ V1 MPP G O1 TR1X1 V4 NG XT

In this example, a 50,000-step move is made. The initial velocity is 1 rps. Motion begins
with theG command. Output 1 is turned on with thé command. The ZX then waits at

the trigger commandlIR) until the condition is true, at which point it changes the velocity.
When the ZX encounters thGcommand, it will not receive any additional commands until

the 50,000-step move is completed. If the Trigger condition is not met during the 50,000 step
move, the move is completed and the program waits on the trigger condition before finishing
the sequence.

Changes are made based on distance using the distancé&xgpicdifimand. This command

causes a delay in the processing of the commands until the motor reaches the specified distance
point. Processing will continue once the distance point is reached. In this way, velocity
changes and the activation of outputs can be done based on distance.
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Ll Helpful Hint:
The following sequence
example executes the
profile shown in the figure
below.

Stopping Motion
with a Stop
Input

Step [

Step [

Step O

Step [

Stopping Motion
(STOP
Command)

The distance point is interpreted differently for Absolute mode versus Incremental mode. To
change velocity on-the-fly based on distance, the Motion Profiling Mdé#)(command
must be used with the Distance PoibP( command.

1XD1 PZ D1992DD V2 MPP G DP250@@ Ol DP5@3@@3@ OB NG XT

Output #1 Output #1
Off On

Velocity

[ |
25000 50000 75000 100000

In Incremental mode, commands are processed until the DP command is reached. The ZX
pauses at thBP command until the motor moves 25,000 steps. The ZX then turns on
output #1. The 25,000 steps are counted from the point at which the command is
encountered. WheDP5@Jd@@ reached, the ZX pauses until the motor moves 50,000
steps. The ZX then turns output #1 off. In this example, if the ZX in Incremental mode, the
output will be turned on at 25,000 steps and turned off after the motor has moved a total of
75,000 steps from the beginning of the first move.

In absolute mode, the value specified vitRis interpreted as an absolute position relative to
the zero point location. In this example, the output would be turned on at 25,000 steps and
turned off after the motor had passed the 50,000 step point.

A common use of the Motion Profiling mode is to perform a continuous move and stop the
move from the inputs. This can be done in two ways. You can define an input as a stop
input. Motion can be stopped by activating the stop input.

The other method is to use tB# OPcommand and place it within a sequence. The
following step-by-step example illustrates these two methods.

Define the input as a stop input.

Command Description
> IN1D Defines input #1 as a stop input

Create the sequence with a continuous move.

Command Description

> XD1 Begins definition of sequence #1
V5 Sets velocity to 5 rps
Al9Q Sets acceleration to 100 rps?2
MC Sets the ZX to Continuous mode
MPP Sets the ZX to Motion Mode Profiling
G Executes the move (Go)
NG Exits Motion Profiling mode

> XT Ends sequence #1 definition

Execute sequence #1 witR1 The motor will move at 5 rps and will not stop until you
activate the stop input (input #1). Activate the stop input.

The motor will stop at a controlled deceleration. In this case, the buffer will be dumped and
the sequences will not be finished. TEOPcommand caused program control to exit the
sequence. Thécommand was the last command that was run.

Issue the Display ParameteBBR) command. The ZX is still in Motion Profiling mode.
Enter theNGcommand to exit the mode.

The following step-by-step example illustrates the method of stopping a continuous move
with the STOP command.
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Step [ Configure input #1 as a trigger input.

Command Description
> IN1A Configures input #1 as a trigger input
Step O Create a sequence witt5s8 OPcommand after the trigger.
Command Description
> XD1 Begins the definition of sequence #1
V5 Sets velocity to 5 rps
Al1@D Sets acceleration to 100 rps?
MC Sets the ZX to Continuous mode
MPP Sets the ZX to Motion Mode Profiling
G Executes the move (Go)
TR1 Activates trigger #1
STOP Stops motion when the trigger condition is met
NG Exits Motion Profiling mode
> XT Ends sequence #1 definition
Step O Issue the Display ParameteBBR) command. The ZX is still in Motion Profiling mode.

In both of the examples, &thGcommand was required after motion was stopped. When a
STOPcommand is issued, the command buffer is emptied. Therefore, the commands that
have not been executed in the sequence at the time the stop occurs will not be executed. In
both examples, thGcommand is not executed because motion was stopped. IN@ct,

can never be executed under these conditiofise important point is that if the

STOP command is used to stop continuous motion, tihéG must be issued
either at the beginning of the next sequence or directly via the RS-232C
interface.

To prevent the ZX from stopping without finishing the sequence that it is currently executing,
a software switch has been provided that will cause the ZX to continue executing the sequence
it was running when th8 TOPwas issued. By entering the Clear/Save the Command Buffer
on Stop §SH1) command, the ZX will stop motion when it encounte&T@OPand

continue processing the commands in the sequdfitier SSH1and repeat the previous

example. Notice how the Motion Profiling mode is exited.

Sequence Scan In applications that use the Sequence Scan nf88é1) and theSTOPcommand, you must
Mode and the enableOSI1 to prevent the Sequence Scan mode from being disabled after a stop. Under
Stop Command normal conditions, Sequence Scan mode is aborted when the ZX encoBT&IR a

command. If th&&TOPcommand is issued from a stop input or from within a sequence,
Sequence Scan mode will be aborted. Usually, you will not want to abort the mode. The
SSH1command will allow the ZX to complete the execution of the current sequence from
the point at which th8 TOPwas issued. The following example illustrates such a sequence.

Step U Configure input #1 as a trigger input and sequence #2 as a sequence-select input.
Command Description
> IN1A Configures input #1 as a trigger input
> IN2B Configures input #2 as a sequence select input
> OUTI1A Enables output #1 as a programmable output
Step O Enable the Sequence Scan mode with3841 command.

Enable the Save Buffer on Stop with tB8H1 command.
Enable the Preserve Sequence Scan mode withSiie command.

Step U Create a sequence wittB@OPcommand after the trigger.
Command Description
> XD1 Begins the definition of sequence #1
V5 Sets velocity to 5 rps
AlDD Sets acceleration to 100 rps2
MC Sets the ZX to Continuous mode
MPP Sets the ZX to Motion Mode Profiling
G Executes the move (Go)
TR1 Activates trigger #1
STOP Stops motion when the trigger condition is met
NG Exits Motion Profiling mode
o1 Turn on output #1
> XT Ends sequence #1 definition
Step O Execute the sequence by activating input #2. Stop the move at any time by activating input
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Step [

Other Uses of
the Motion
Profiling Mode

Changing
Gains On-the-
Fly

Turning on
Inputs, Using
Time Delays,
and Math

#1. Output #1 will be activated after the stop.

The zZX is still in Sequence Scan mode and the move can be repeated by activating input #2
again (and stopped with input #1).

Motion Profiling mode provides flexibility in the complexity of the ZX control during

motion. You can change gains on-the-fly based on distance or following error. You can turn
on outputs, change velocity, and perform math functions. The primary application concern to
consider during sequence execution is the time required to perform the commands. In some
cases, the execution of commands may depend on the motion. The following examples show
additional uses of the Motion Profiling mode.

Command

> 1XD1
1D48DBDD
1V5
1IMPP
1G
1DP15@@3D
1v2
1BCPP2@
1DP20BDBDD
V5
BCPP45
NG

> XT

Command

> 1XD1
1Pz
1MC
1IMPP
1G
1T.5
10119
1T.5
10031
REPEAT
VAR1=VAR1+1
T.1
UNTIL(POS>403DDD)
STOP
NG

> XT

Description

Begins the definition of sequence #1
Sets distance to 400,000 steps

Sets velocity to 5 rps

Sets ZX to Motion Profiling mode
Executes the move (Go)

Sets distance point to 150,000
Changes velocity to 2 rps

Changes gain to 20% of maximum
Sets distance point to 200,000
Changes velocity to 2 rps

Changes gain to 45% of maximum
Exits ZX from Motion Profiling mode
Ends the definition of sequence #1

Description

Begins the definition of sequence #1
Sets position counter to @

Sets the ZX to Continuous mode
Sets ZX to Motion Profiling mode
Executes the move (Go)

Sets a 0.5 second delay

Turns outputs #1 and #2 on, #3 off
Sets a 0.5 second delay

Turns outputs #1 and #2 off, #3 on
Starts repeat loop

Increases variable #1 by 1

Sets a 0.1 second delay

Continues looping until the ZX's position is > 400,000
Halts command processing

Exits ZX from Motion Profiling mode
Ends the definition of sequence #1

Triggers, input statedNXX111) time delays, and the distance points are the commands that
will allow you to control when and where procedures occur during motion in your program.
The Motion Profiling mode offers you the flexibility to accomplish a variety of different

application needs.
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Interfacing to the ZX

This section discusses the various interfaces that you may use with the ZX.

O Operation from Programmable Inputs and Outputs
» Switches

e Thumbwheels

PLC Operation

Front Panel Operation

Remote Panel Operation

Host Computer Operation

oood

Programmable Inputs and Outputs

The ZX has a flexible scheme for defigifO in a wg that is suitable for mospalications.
There are 7 programmable inpuls (- 17 on the front panel). The other three inputs are
dedicated for limits. There are also 4 programmable outputs. Using the inputs in
combination with the optitsyou can useuto 16 doits of thumbwheels with the ZX. This
section eplains some of the functions that theits and oyuts carnperform and how to use
thumbwheels for an interface with the ZX.

Output Functions

You can turn the programmable outputsl(- O4) on and off with the Outpud) and
Immediate OutputlQ) commands. Outpu®l - O4 are factory set as programmable
outputs. However, you can configure all of the outputs to perform different functions
(Moving/Not Moving, Amp Off, Strobe, etc.) with the Configure OutpDt)l) command.
Refer to theOUTcommand in th&@X Indexer/Drive Software Reference Guider
descriptions of the available functions.

[ Helpful Hint: A: Programmable Output K: Invalid Command Error
You can use these ou'tputs B: Moving/Not Moving L: Position Error Fault
to turn on and off other C: Sequence in Progress M: Not Used
devices (i.e., lights, D: At Soft of Hard Limits N: CW Software Limit Reached
?&'é%gﬁzﬁ;gg'ulpig“tp“t E: At Position Zero P: CCW Software Limit Reached
letter assignmentsq. F:  Fault Indicator R: CW Hardware Limit Reached
G: Not Used S: CCW Hardware Limit Reached
H:  Amp Off T: Output Based on Position
J:  Strobe Out U: Programmable Pulse output
P Command Description
'I'Do seIZﬁgxltjr{e ggtnﬂts are > PS Pauses command execution until the indexer receives a Continue (C) command
currently defined t;pe > MN Sets unit to Normal mode
10UT. ' > Alg Sets acceleration to 10 rps?
> V5 Sets velocity to 5 rps
> D25@@D Sets distance to 25,000 steps
> OUT1A Sets O1 as a programmable output
> OUT2A Sets O2 as a programmable output
> OUT3B Sets O3 as a Moving/Not Moving output
> 019 Turns O1 on and O2 off
>G Executes the move
> 01 Turn O1 off and O1 on
>C Initiates command execution to resume

01 andO2 are programmable outputs a®@ as a Moving/Not Moving output. Before the
motor moves 25,000 step®,1 turns on and?2 turns off. These outputs remain in this
state until the move is completed, theh turns off andO2 turns on. While the motor is
moving, O3 remains on.

Pulse Output Half Axis

76

The ZX can programmed a second half axis. The output half axis can control distance and
constant geed for another drive/motoystem. A second opit can control the distance. The
following commands set up a second axis and make it move.

Command Description

> OUT1U Configures the output to be a pulse output

> OUT2A The output will be used to control direction

> PU12@3,2 The output will send 1000 pulses at a rate of 2 ms

> PUL This command begins the pulse train out of output 1
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Input Functions

Switches

Triggers

Sequence
Select &
Sequence Scan

The inputs can individually be programmed to perform any of the following functions.

function has an assigned letter:

Each

A: Trigger N: Data

B: Sequence Select 0: No Function assigned

C: Kill P: Memory Lock

D: Stop Q: Registration input (17 Only)
E: Command Enable R: Reset

F: Pause/Continue S: Go Home

G: Go T: Position Zero

H: Direction U: User Fault

I: Synchronization V: Data Valid

J: Jog+ (CW) W: Data Sign

K: Jog- (CCW) X: Increase Following ratio
L: Jog Speed Select Y: Decrease Following ratio
M: Not Used Z: No Function assigned

To designate each input pin to a particular function, use the Set Input Funitions (
command. To current input definitions, typEN . To see the inputs' states, U48 .
Enter the following commands.

> 1IN : Change input 1 to be a stop input by entering:

> IN1D : Check that it was assigned properly by again entering:

> 1IN1 : With this method, you can assign all the inputs to any of the functions listed
above. Except the registration input function. Orly can be assigned as a registration
input)

This section covers ZX triggers and sequence scanning with inputs.

You can use the TriggefR) command to pause a sequence of buffered commands until one
or more inputs come to a preferred stdte.- 17 are set at the factory (default setting) to
function as trigger inputs.

Command Description

> IN1D Sets I1 as Stop(S) input

> IN2A Sets |12 as trigger input 1

> IN3A Sets I3 as trigger input 2

> IN4A Sets 14 as trigger input 3

> MC Sets the unit to Continuous mode

> MPP Enters the Motion Profiling mode

> A15 Sets acceleration to 15 rps?

> AD15 Sets acceleration to 15 rps?

> TR1 Waits for trigger input 1 (12 )to be on

>G Executes a go (Go) command

> L Loops infinitely

> V5 Sets velocity to 5 rps

> TRXJ1 Waits for trigger input 2 (I3 ) to be off and trigger input 3 (14 ) to be on
> V1 Sets velocity to 1 rps

> TRX1Q Waits for trigger input 2 (13 ) to be on and trigger input 3 (14 ) to be off
>N Ends the loop

This program configurell as a stop input an@ as a trigger (start) input3 andl4 are
programmable trigger inputs. If you activate the start infauj,(the motor will move.

Since the ZX is in Motion Profilig mode, it will execute the Igoand subsguent commands.

As it reaches each trigger statement, it waits for that state to become true and changes the
velocity to the velocity following the command. The loop is infinite, so it toggles
continuously between 1 - 5 rps as the trigger statements come true and will not stop until the
stop input is activated. If you activdte during the operation of the ZX, the indexer
immediately stops the operation and clears the command buffer (assumig§ltiatset to

%)}

Inputs can be defined as sequence select inputs. This allows you to execute sequences defined via
RS-232C by activating the sequence select inpBisary weighting is fixed on the ZX. Input
3 (13) will always select Sequence.#4
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O Helpful Hint:
This figure shows the
binary weights of the ZX's
inputs when all 7 inputs
are configured as
sequence select inputs.

Step [

U Helpful Hint:
The ZX executes these
commands on power
up—the ZX can read up to
99 sequences from the
sequence-select inputs.

Compumotor

2 zg SERIES :

BRUSHLESS
SERVO DRIVE

Dedicated Binary Weight of ZX Inputs

One possible input configuration and binary weighting is given below.

\ Input \ Function \ Binary Weighting \
11 Sequence Select 1
12 Sequence Select 2
13 Sequence Select 4
4 Sequence Select 8
15 Sequence Select 16
16 Trigger —
I7 Stop —

Input Configuration/Binary Weighting Example

If the inputs are confjured as in Table 4-4, geence #6 will be executed lctivatirg inputs #2
and #3. Sequence #19 will be executed by activating inputs #1, #2, and #5. ILinpiget-
up as a trigger input, then only even numbered sequences can be used.

To execute sequences, the ZX must be placed in Sequence Scan mode. In this mode, the ZX
will continuously scan the input lines and execute the sequence selected by the active sequence
select lines. Th&SJ command is used to enable/disable the sequence scan mode. When
SSJ1 is entered, the Sequence Scan mode is enabled. To disable the mo&S édter

Once enabled3SJ1), the ZX will run the sequence number that the active sequence select
inputs and their respective binary weightings represent. After executing and completing the
selected sgience, the ZX will scan thepnts again and run the selectedgsences. If a sgience

is selected that has not been defined via RS-232C, no sequence will be executed.

If it is not desirable for the ZX to immediately executed another sequence after running the
currently selected sequences the Sequence Interrupted RunX@teén be enabled. In this
mode, after executing a sequence, all sequence select lines must be placed in an inactive state
before a new sequence can be selected. The active state of the inputs is determinét_by the
command.

The Scan$N) command determines how long the sequence select input must be maintained
before the indexer executes the program. This delay is referrediéb@snce time The
following examples demonstrate how to use the Scan mode.

Define a power-up sequence.

Command Definition

> XE199 Erases sequence #100

> XD19@ Defines sequence #100
SSJ1 Executes sequences via PLC input
SN2g Sets scan time to 20 msec
XQ1 Sets ZX to interrupted run mode
AlQD Sets acceleration to 10 rps?
AD1@ Sets deceleration to 10 rps?
V2 Sets velocity to 2 rps
IN1B Sets Input 1 as a sequence-select input
IN2B Sets Input 2 as a sequence-select input
IN3B Sets Input 3 as a sequence-select input
IN4AB Sets Input 4 as a sequence-select input
IN5B Sets Input 5 as a sequence-select input
IN6B Sets Input 6 as a sequence-select input
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IN7B Sets Input 7 as a sequence-select input

OuT1C Sets Output 1 as sequence-in-progress output
LD3 Disables the limits (not necessary if limits are connected )
> XT Ends the sequence definition
Step O Define any sequences that your application may require.
Command Description
> XE1 Erases Sequence #1
> XD1 Defines Sequence #1
D203D Sets distance to 2,000 steps
G Executes the move (Go)
> XT Ends Sequence #1 definition
Command Description
> XE2 Erases Sequence #2
> XD2 Defines Sequence #2
DAGDD Sets distance to 4,000 steps
G Executes the move (Go)
> XT Ends Sequence #2 definition
Command Description
> XE3 Erases Sequence #3
> XD3 Defines Sequence #3
D8P Sets distance to 8,000 steps
G Executes the move (Go)
> XT Ends Sequence #3 definition
Command Description
> XE99 Erases Sequence #99
> XD99 Defines Sequence #99
D-14009D Sets distance to -14,000 steps
G Executes the move (Go)
> XT Ends Sequence #99 definition
Step O Verify that your programs were stored properly by uploading each entered segténdé (
you receive responses that differ from what you programmed, re-enter those sequences.
Step U Run each program from the RS-232C interface with the Run SequéRoceofnmand. Make
sure that the motor moves the distance that you specify.
Step O Apply switches to the inputs that are normally open.
| Switch# [ Input |
Switch #1 11
Switch #2 12
Switch #4 13
Switch #8 14
Switch #16 15
Switch #32 16
Switch #64 I7
GND

Applying Switches to Inputs

Step O To execute sequences, cycle power to the ZX. The system will execute sequence #100.
Step U You can now execute sequences by closing the corresponding switches.

0 Close switch 1 to execute sequence #1

0 Close switch 2 to execute sequence #2

0 Close switches 1 & 2 to execute sequence #3

0 Close switches 1, 2, 6, and 7 to execute sequence #99
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Thumbwheel Interface

To Request
One Digit

To Request All
Digits

To Request
Several Digits

With the ZX, you can use up to 16 digits of thumbwheels. The ZX uses a multiplexed BCD
input scheme to read thumbwheel data. Therefore, a decode circuit must be used for
thumbwheels. Compumotor recommends that you purchase Compumotor's TM8 Module if
you desire to use a thumbwheel interfacEhe following section assumes that you

are using Compumotor's TM8 module with the ZXThe ZX commands and

format that allow for thumbwheel data entry are:

Command Description

DRDxyz Read distance via thumbwheels
VRDxyz Read velocity via thumbwheels
LRDxyz Read loop count via thumbwheels
TRDxyz Read time delay via thumbwheels
VARDN,xyz Read variables via thumbwheels
XRDxy Read sequence count via thumbwheels
FRDxyz Read following ratio via thumbwheels

Variablesx andy may range from @ to 7. They represent the thumbwheel digits to be
requested. The left-most digit of the TM8 Module is x=& and the right-most is y=7. The
other digits are sequentially represented between & and 7.

Digt@ 1 2 3 4 5 6 7

pEEEEEEEN

x =y = the desired digit number
X =@ andy =7 (or do not use the X, y, and z fidlds
@D <x < y<7

Thez field scales the thumbwheel read value b$. 1%/hen reading digits from the
thumbwheel, the least significant digits will be filled first. The z field allows you to position
the decimal point in these commands where need&dt.of the fields (x,y, and z) must
be used or none of the fields must be use®efer to theZX Indexer/Drive
Software Reference Guidfr more information. To use Compumotor's TM8 Module,
follow the procedures below.

Step O If you use one TM8 Module, wire your module to the ZX as shown in the figure below. If you
use two TM8 Modules (the maximum allowed pachzX).
Compumotor
TM8 Module +5 G I5 14 13 12 11 05 04030201

2 X SERIES
—

BRUSHLESS
SERVO DRIVE

v Optional Sign Bit

(€]
(€]
(€]
(€]
(€]
(€]
(€]
(€]
(€]
(€]
(€]
(€]
o
(@]
(@]
(@]
(@]
(@]
(@]
(@]
(@]
(@]
(@]

‘OOOO

Wiring 1 Thumbwheel Unit (TM8) to the ZX
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TM8 Module #1
Compunot or

5}
E

]
&%
g

o LI
TX ENTERA V

+5 G I5 14 I3 12 11 0504 030201

®*—
—

OO OO OO0 OO OO0 OO0 O
>

Z’ 2 X series

W,  BRUSHLESS

SERVO DRivE
HM
@ O i1
Only one sign bit may be :g
used> O5 of only one @ 14
humbwheel module may be 15
connected to 15 of the ZX - 16

Optional Sign Bit

[000d0d 000000

TM8 Module #2

+5 G I5 14 13 12 11 0504 0302 O1

Wiring 2 Thumbwheel Units (TM8) to the ZX
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Step O

Step O

Thumbwheel
Examples

U Helpful Hint:

Note how the 10 field can
position the decimal point
where needed.

Ll Helpful Hint:
The following commands
show how you can use the
TM8 module to enter
variables.

Configure your ZX as follows:

Command Description

> OUT1J 01 configured as a strobe

> 0OUT2J 02 configured as a strobe

> OUT3J O3 configured as a strobe

> IN1IN 11 configured as a data input

> IN2N 12 configured as a data input

> IN3N I3 configured as a data input

> IN4N 14 configured as a data input

> INSW I5 configured as a sign input (optional)

> INLQ Inputs configured active low

> STR50 Data strobe time of 50 ms per digit read. If one TM8 Module is used, you
should now be ready to read in thumbwheel data. If two TM8 Modules
are used, enter the additional set-up commands. The minimum strobe
time recommended for the TM8 module is 10 ms.

> OUT4A 04 configured as a programmable output

> OUTL1 Outputs set active high

> 01 Set output 4 high—this enables TM8 Module #1

Set the thumbwheel digits on your TM8 Modulet#t2345678 . If two TM8 Modules are
used, set the second module&3654321 . To verify that you have wired your TM8
Module(s) correctly and configured your ZX 1/O properly, enter the following commands:

Command Description
> DRD Request distance data from all 8 thumbwheel digits
> 1D Displays the distance read—D+12345678 . If the response shown is

not received , retry step 1.

If you are using two TM8 Modules, enter the following commands:

> 00 04 becomes 0V—this disables Module #1 and enables Module #2.
> DRD Request distance data from all 8 thumbwheel digits
> 1D Displays the distance read—D+87654321
The sign is positive. Only one sign digit may be used when two TM8
Modules are used. If the response shown is not received , retry step 1.
> 01 Reenables the first TM8 Module.

The following thumbwheel examples are to clarify the TM8 Module usage. If using two
thumbwheel modules, enter the following commands:

Command Description

> DRDO05@ Request distance data from the first six thumbwheels

> 1D D+123456

> DRDO052 Same as above, but scaled by 10?

> 1D D+12345600

> VRD67Q Request the velocity data from the last two TM8 Module thumbwheels
> 1V V.0078

> VRD673 As above, but now scaled by 103

> 1V Displays the velocity read—V7.80339J

Command Description

> 1VARD12,450  This requests data from the TM8 Module's 5th and 6th digits
> 1VAR12 VAR12=*0000000000.00056

> 1VARD12,459 As above, but scaled by 10°

> 1VAR12 VAR12=*0000056000.00000
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Selecting Sequences with the Thumbwheel Module

The following example shows how the ZX is typically used with thumbwheels. In the

example, only three sequences are entered. As many as 100 sequences may be defined and up
to 99 may be executed with the Compumotor Thumbwheel Module. Sequence #100 is
automatically executed during power-up or reset. Refer to the R@¢seinimand in th& X
Indexer/Drive Software Reference Guide

Ensure that the thumbwheel module is properly installed. Wire input 5 with a normally open
switch as shown in the figure below. The switch shown in this configuration is a sequence-
start switch.

U Helpful Hint:
Position Mode Tuning Compumotor
Procedure
o [
O |+5V
O |vouT
8 ENBL
Sle CII0
ENTER
0 Y
O
O
O
o .
9 BRUSHLESS
o SERVO DRIVE
O
O
O
O
O
O
O
O
O
O
O
O
©]
Sequence Start Configuration
Step O Define a power-up sequence. Set inplits- 14 as data inputs an8 as a data valid input.
Enter the following program.
Command Description
> XE199 Erases Sequence #100
> XD12gd Begins definition of Sequence #100
IN1IN Sets 11 as a data input
IN2N Sets 12 as a data input
IN3N Sets I3 as a data input
INAN Sets 14 as a data input
IN5V Sets I5 as a data valid input
INLD Sets @V as active level
STR19 Sets strobe time of 10 ms per digit
OouT1J Sets O1 as a strobe output
ouT2J Sets O2 as a strobe output
OuUT3J Sets O3 as a strobe output
L Start a continuous loop
XRD@1 Run the sequence displayed on thumbwheel digits @ & 1
N Ends loop
> XT Ends definition of Sequence #100
Step O Define any sequences that your application may need.
Command Description
> XE1 Erases Sequence #1
> XD1 Begins definition of Sequence #1
MN Sets mode to Normal
A25 Sets acceleration to 25 rps?
AD25 Sets deceleration to 25 rps?
V5 Sets velocity to 5 rps
D253 Sets distance to 25000 steps
G Executes the move (Go)
> XT Ends definition of Sequence #1
> XE2 Erases Sequence #2
> XD2 Begins definition of Sequence #2
MN Sets mode to Normal
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Step O

Step O

Step O

Step O

U Helpful Hint:

If you select an invalid or

unprogrammed sequence
with the thumbwheels, no
motion will occur (nothing
will happen).

A25 Sets acceleration to 25 rps?

AD25 Sets deceleration to 25 rps?
V5 Sets velocity to 5 rps
D1833D Sets distance to 10000 steps
G Executes the move (Go)
> XT Ends definition of Sequence #2
> XE99 Erases Sequence #99
> XD99 Begins definition of Sequence #99
MN Sets mode to Normal
A25 Sets acceleration to 25 rps?
AD25 Sets deceleration to 25 rps?
V5 Sets velocity to 5 rps
D-35000 Sets distance to -35000 steps
G Executes the move (Go)
> XT Ends definition of Sequence #99

Reset the ZX. This will prepare the power-up sequence (sequence #100) to be executed when
you apply power to the ZX.

Command Description
>Z Resets the ZX

Set thumbwheel digits @ and 1 @il and push start to move the servo motor 35,000 steps CW.

2] lol{olfellefiolel

The shaded digits do not affect the test.

Set thumbwheel digits @ and 1 @ and push start to move the servo motor 10,000 steps CW.

i t{ololfel{etol el

The shaded digits do not affect the test.

Set thumbwheel digits @ and 199 and push start to move the servo motor 10,000 steps CCW.

oflofiefiolielfet{efle

The shaded digits do not affect the test.
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PLC Operation

This section explains and provides examples of how to use a PLC with the ZX Indexer/Drive.

Interfacing with a PLC

In many applications it is desirable to interface to a PLC. The ZX performs the motion
segment of a more involvedrocess controlledyba PLC. In thesepglications, the PLC will
execute sequences, load data, manipulate inputs and perform other specific input functions to
control ZX and the motion segment of a process.

Data Read with  As in the thumbwheel case, the PLC can be used to enter data for sequenc¥RElgect (
a PLC distance DRD, velocity VRD, loop count RD), time delay TRD, and variable data
(VARD. Detailed explanations of these commands are given here.

To read data from the PLC, the ZX's inputs #1 - #4 must be configured as data inputs with an
active low level INLQ).

If a sign digit is required, ZX input 5 should be configured as a sign input. Configure outputs
#1 - #3 as data strobe outputs.

When the ZX executes a data read command, it cycles its outputs and reads BCIhelata.
maximum rate that the ZX will cycle through the output levels is set by the Strobe Output
Delay Time 6TR command. The ZX synchronously cycles through the states SfTfRe

time if no data valid line is used. If a data valid line is used, the ZX will maintain its current
state until the data valid input is activated. This allows the PLC to control the ZX's data
strobe rate.

\ ZX Outputs \ ZX Inputs \
01 02 03 Data In (Active Low) 11 12 13 14 15
low low low MSD (Digit 1) Isb msb * sign bit
high low low Digit 2 " " "
low high low Digit 3
high high low Digit 4 " " "
low low high Digit 5 " " "
high low high Digit 6
low high high Digit 7 " " "
high high high LSD (Digit 8) : " "
Output Voltage Levels
0 Helpful Hint: PLC ZX
This figure shows a
possible PLC-to-ZX Output 1 LSB Input 1
connection that would
allow the ZX to input data Output 2 Input 2
from the PLC. In this Output 3 Input 3
configuration, a data valid MSB
line (16) controls the ZX's Output 4 : Input 4
strobe rate and a data sign Output 5 Data Sign Input 5
line is used. i
Output 6 Data valid Input 6
Input 1 Data Strobe Output 1
Input 2 Data Strobe Output 2
Input 3 Data Strobe Output 3
GND GND
PLC/ZX Connection
If the ZX runs a Read Distance Via Parallel IIl@RD command, the following events must
occur to transfer distance data from the PLC to the ZX.
O Helpful Hint: 0 The ZX executes BRDcommand and places its outputs #1 - #3 at @V.
This process continues 0 The PLC places and holds a BCD digit at the ZX's inputs #1 - #4. (This value will be the most
until the ZX reads the significant distance digit). The PLC places a sign value at ZX input #&is &ign bit
eighth digt (LSD). At this must be the same for each digit read
point, the ZX enters the g
eight digits read into its 0O When the data is valid, the PLC should activate the data valid line. The ZX will read the digit
distance register and and sign values.

proceeds with the ) Lo
execution of subsequent 0 The PLC should deactivate the data valid line.

commands. 0 After reading a data valid, the ZX will place its output #1 at high voltage (5 - 24V) and outputs
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U Helpful Hint:
The XRDcommand does
not use the z scaling field.

Sequence
Select With a
PLC

U Helpful Hint:

It may be desirable to have
the ZX indicate to the PLC
when it has completed a
sequence or to indicate to
the PLC when it should
select another sequence.
A programmable output
can be used for this
handshake to the PLC.

Miscellaneous
PLC Control

#2 and #3 at @V.

0 The PLC must place and hold its second BCD digit at the ZX's inputs #1 - #4. The PLC should
place the same sign value as that given for input #5.

0 When the data is valid, the PLC must activate the data valid line. The ZX will read this second
BCD digit as the second significant distance digit.

O The PLC must deactivate the data valid line.

If data scaling is desired, refer to thata section earlier in this chapter. The additional x, vy,

and z fields may be used. The x field must equal &, the y field must equal 7, and z must be
greater than or equal to @ and less than 10. For exampkRP&71lcommand will cycle

the outputs through the sequence and read the data one digit at a time for eight digits. The data
however will be multiplied by F0when it is stored in the data's register.

The PLC can execute sequences through two different methods. First, the sequences may be
selected by using the inputs as sequence select inputs. In this case, the input lines are binary
weighted. The ZX must be in Sequence Scan m8881) and may either operate in

Interrupted modeXQ1) or Continuous Scan mod¥@Q4.

The PLC activates the lines that will execute the desired sequence.

Binary

Weighted
PLC Values ZX
OUTPUTL 1 INPUTL
OUTPUT2 2 INPUT2
OUTPUT3 4 INPUT3
OUTPUT4 8 INPUT4
OUTPUTS 16 INPUTS
OUTPUT6 2 INPUT6
OUTPUT? 6 INPUT?
INPUT1 OuUT1
GROUND G

PLC Connection

The PLC may also use tbdrRDcommand to select and run ZX sequences. Only ZX output
#1 should be configured as a strobe output. Inputs #1 - #4 must be configured as data inputs
(INLG). A data valid line may also be used.

If the ZX executes th&ERDcommand when its 1/O is configured as described above, it will
set its output #1 to a voltage low for the time defined bySthR command or until the data
valid line is active. It will then read in the most significant BCD digit of a sequence run
command. The ZX will then set the voltage level high for output #7 (again, for the
appropriate period) and read in the least significant digit of sequence run data. The ZX will
then execute the sequence defined by the PLC if it exits.

\ ZX Output \ ZX Inputs \
71 11 12 13 14
Low LSB MS BCD Digit MSB
High LSB LS BCD Digit MSB

Strobe and Input Sequence

You can use a PLC to control the activation of the inputs for many input functions that the
ZX supports (see therogrammable Inputsection). For example, you can use the PLC
to stop, Kill, go, go home, or reset the ZX.
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Front Panel Operation

You can use the ZX's front panel pushbuttons and display to execute sequences. Refer to the
Alphanumeric Display and Pushbuttonsection for information on how to use this
feature.

Remote Panel Operation

There is an optional remote panel that can be used by the ZX and ZX-F to input data, display
messages and prompt the operator for appropriate actions. The RP240 is a panel that
communicates over RS-232C with the ZX. It has a 2 line 40 character display, a numeric
keypad, and programmable function keys. Contact your distributor or Compumotor for more
information on the RP240.

Host Computer Operation

You may use a host computer to execute motion programs via the RS-232C serial interface.
The host computer can run interactively from a basic or C program. In this case, the high-
level program controls the ZX and acts as an interface to the user (note the following program
example).

' ZX.BAS PROGRAM

WN -

5 ' * This program controls the RS232 Communication line to execute 2 different moves  *
6 ' * using the ZX

15 OPEN "COM1:9609,N,8,1,RS,CS,DS,CD" AS #1 ' Open Communication port
20V$ =" Q% ="": ECHO$ ="": LF$ ="" " Initialize variables
99 CLS

100 LOCATE 12,15

105 PRINT " PRESS ANY KEY TO START THE PROGRAM "

107 V$ = INKEY$: IF LEN(V$) = @ THEN 100 ' Wait for input from user
1209 Z$ ="K K LD3 " ' Reset and disable limits on the ZX
122 PRINT #1,Z$%;

124 Q$ = INPUT$(8,1)

903 '
9@2 ' * Lines 100@-106@ sends a move down to the first ZX. Computer waits for the Line *
903 ' * Feed from the ZX indicating that the motor has finished its move. Computer  *

94 ' * will not command second ZX to move until the first move is completed. *
1003 MOVE1$ = "MN Al V2 DAG@P3D G 1LF " ' Define move 1

10@5 CLS

1837 LOCATE 12,15: PRINT " DOING MOVE 1"

1012 PRINT #1,MOVE1$ ' Perform move 1.

115 ECHOS$ = INPUT$(22,1) ' Read echoes from ZX.

1020 LF$ = INPUT$(1,1) ' Wait for line feed from zZX

1043 IF LF$ <> CHR$(19) GOTO 12290 " indicating end of move.

1045 CLS

1847 LOCATE 12,15

1850 PRINT "MOVE 1 DONE" ' Let user know that move 1 is done

1060 LOCATE 15,15: PRINT " PRESS ANY KEY TO GO ON TO SECOND MOVE "
1870 V$ = INKEYS$: IF LEN(V$) = @ THEN 10690

1900 *
19@2 ' * After axis one is done, we request that you hit any key to go on to second move.*
193 ' * In real application, we would expect you to go ahead with the process and work on*
1904 ' * on the part before going on to next move. (i.e., Activate a punch)

1995 ' * Now that first move is finished go on to move 2. The zX also prlnts a line feed *
1906 ' * after finishing the second move.

1997 ' * As soon as the computer receives the line feed from ZX, the program will go back*
1908 ' * to the first move.

2003 MOVE2$ = "H G 1LF "

20@5 CLS

2007 LOCATE 12,15: PRINT " DOING MOVE 2 "
2013 PRINT #1,MOVE2$

215 ECHO$ = INPUT$(8,1)

2023 LF$ = INPUT$(1,1)

2040 IF LF$ <> CHR$(19) GOTO 2020

2@45 CLS

2047 LOCATE 12,15

2050 PRINT "MOVE 2 DONE "

2060 FOR | =1 TO 10@@: NEXT |

2070 GOTO 29 ' Go back to beginning of program.

The second method is for the ZX to run a stored program and prompt the user interactively as
a part of the program. To do this, you must use the RS-232C RBUN] and Quote()
commands. The Quote command sends messages over the RS-232C link to the host. The
message may be status data or a request for information. If it is a r&fidsallows you

to enter data into any of the general-purpose variables. The motion program may use these
variables. The following program is an example of a stored sequence that interactively
requests the number of parts and the size.
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> 1XE1 Erase sequence #1

> 1XD1 Define sequence #1
> 1"Enter_the_number_of _
parts_to_be_made Send string to host
> VAR1=RSIN Set variable #1 to the value input by the user
> 1"Enter_the_size_
of_the_parts Send string to host
> VAR2=RSIN Set variable #2 to the value input by the user
> VAR2=VAR2*25000 Scale variable #2 by 25000 for user units
> D(VAR2) Set distance (part size) to variable #2
> L(VAR1) Set loop count (part count) to variable #1
>G Execute move
>N Continue loop
> XT Terminate sequence

ZX Application Examples

This section provides application examples which illustrate the features and capabilities
discussed in this chapter.

Application Development Approach

88

Examples

Examples

Examples

This section will help you to develop your application program. These steps provide a
guideline for identifying and organizing your program's needs. Examples of actual programs
demonstrate how the different programming concepts are used together. Use the following
steps:

Identify and define the types of motion required in your application.
Moves to a home switch; go home moves

Jogging the motor

Preset moves of triangular or trapezoidal velocity profiles
Registration moves

Moves with changing velocities not based on distance

Moves of changing velocities based on distance

Motion based on math calculations

Motion with outputs turning on at distance points

OooooooooOodg

Once you have identified the motion, determine the gains that will be required for the ZX to

perform the moves with the proper performance. To do this, enter the speed , acceleration, and

decelerations required for the move and determine the gains necessary for the required
performance. To tune the drive, refer to 8evo Tuningection in this chapter. After
determining the gains, save them with 8¢ command.

0 Determine what will cause the motion to occur and when it will cause motion to occur. Choose
the interface(s) for execution of the motion programs.

Input states causing motion to occur; triggers
Sequence execution

RP240 Remote Panel

Thumbwheel inputs

Power up sequence

PLC

Variable conditions

Time delays

O oooooood

Determine what configuration commands are necessary to set the ZX in the proper state for
execution of the motion programs.

Sequence scan modesSJ1, XQ1, SSH1

Input/Output configuration-HN1A, IN4AD, OUT3J

Motion parameters-A, AD,V, D

Profile commands-MG MN MPI, MPAMPP

Homing parametersGHA GHV GHFE GHADOSB OSGOSH
Other special functions of tH8S andFS commands

Ooooogoog

Once you determine what set-up commands are required, place them in the power-up sequence,

sequence #100. In some applications, the ZX may be required to be in different modes for
different parts of the application. For example, some moves m@pmiEnuous modenoves
and some may bereset modenoves. In this case, you can place the appropriate set-up
commands in the sequence in which that particular motion is required. After entering the
power-up sequence, cycle power, issue a R&sepfmmand or simply run sequence #100
with anXR1@@Ztommand to configure the ZX according to the set up commands in the
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Method O

Method O

Method O

power-up sequence.

The manner in which the remaining sequences are programmed will be determined largely by
the type of interface you choose. There are three typical types of applications that require
different methods of executing motion through sequences.

The interface may be discrete inputs which select or control sequences. In this case a program
of several sequences will have the program flow controlled by the inputs or there may be a
small number of sequences selected by discrete inputs as sequence select lines.

The interface (thumbwheels or a PLC and sequences) is selected via the inputs. The different
motion requirements are usually in each sequence.

The third typical application has data or move parameter information entered via the inputs. In
this case, there are usually fewer sequences but they require some information from the data
entered via the ZX inputs.

These types of applications are not all-inclusive, but they do offer ideas in how you might set
up your interface to execute the required motion.

Application Example #1

Types of Motion
Required

O Helpful Hint:
Motion profile of the
grinding application

What Will Cause
Motion and
When?

What

In this application, parts are formed by a grinder. The part that is being ground moves at a
high speed toward therinder. Just before it hits tigginder, it slows to a lowempged and the
grinding operation begins. Because there are different parts of different lengths, different
distances are gaired for thegrinding part of the peration. The distance from tpeint where

the part is loaded to the point where the grinding of the part is finished is a fixed distance.
What varies is theoint at which thagrinding begins. Ony five differentparts are made. The
distance from the point of loading the part to the end of the grind is 24 inches. The motor is
on a leadscrew with a pitch of 2. The operator interface must be very simple and include part-
selection and run/stop switches.

In this application, a preset move must be made. The first part of the distance must move at a
high speed and the second part at a low speed. The point at which the move changes from high-
speed to low-speed varies with each part type. A homing move positions the machine at the
location where parts are loaded. From this location, other grind moves can be made.

Velocity

Time

Grinding Application Motion Profile

It is necessary to have the machine move to its part loading location when it starts so that it is
ready to load parts and make grind moves. A home switch will be placed at the loading point
to allow the ZX to position itself at the home location. A toggle switch allows the user to
select either the Run mode or Stop mode. When the switch is in Run mode, it will
continuously make parts of the type selected until the run/stop switch is placed in the Stop
mode. The parts are selected by turning on the switch labeled for the particular part. The
interface will be 6 switches. One switch will toggle between the run or stop mode. The user
can select the part with the other 5 switches. The part-selection switches are on/off switches
as opposed to momentary contact switches.

RUN PART 1 PART 2 PART 3 PART 4 PART 5
o [ J [ J [ J o [ J
STOP 6" 8" 10" 14" 18"

Front Panel of User Interface

g SSsJ1 Sequence Scan mode
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Configuration O INnA Trigger input, n is the input number
Commands Are O INnB Sequence select input
Required? 0 OSB Back up to home switch
O OSG Select final home approach direction
O OSH Select edge of home switch which ZX stops on
O GHV Select homing velocity
0O GHF Final homing approach velocity
Execution Part selection switches select sequences that contain the move instructions for specific parts.

Motion will not begin until the run/stop switch is in the run position. Parts will continue to be
made until the run/stop switch is set to stop. The user can select Stop mode at any time during
the grind move. The grind move that was executed at the time the Stop mode was selected will
be completed. While in Stop mode, a new part type can be selected. The machine will operate
this way as long as it is powered up. Upon power up, the machine will move to the home
location to begin operation.

The resolution set by the Configure Motor Resolution command is 5000 steps/rev
(CMR5@Q¥J This value is stored in battery backed RAM and need not be in the program.
With a pitch of 2, the total move distance is 240000 steps. The part sizes are 6, 8, 10, 14,
and 18 inches. This makes grind distances of 60000, 80000, 100000, 140000, and 180000

Required
Sequences

steps.

Sequence #100 Command Description
XD12@ Begins definition of sequence #100
MPI Incremental move mode
MN Normal preset mode
GHV2 Initial go home velocity if 2 rps
GHF.3 Final go home velocity of 0.3 rps
OSB1 Back up to home switch
OSH1 Stop on the CCW edge of the switch
0SGOo Final approach direction is CW
GH Begin go home move
IN1B Sets up inputs 1-5 as sequence select inputs
IN2B
IN3B
IN4B
IN5B
INGA Sets up input 6 as a trigger
SSJ1 Place the ZX in continuous scan mode
AlBD Set the acceleration to 100 rps2
TR1 Wait until run switch is enabled
XT Ends definition of sequence #100
Sequence #1 Command Description
XD1 Begins definition of sequence #1
V4 Defines the fast velocity
D24033D Total move distance
REPEAT Repeat loop to make parts continuously
MPP Enters Profiling mode so velocity can be changed on the fly
G Initiates motion
DP18@@30 After 180,000 steps decelerate to the grind velocity
V.5 Grind velocity
NG Ends Profiling mode. No commands will execute until the move is finished
V4 Return for a new part at a high speed
H Change direction
G Return to the get a new part

UNTIL(INXXXXXXXXD)
TR1

Continue the repeat loop until the run/stop is put in the stop location
Wait until the run/stop switch is in the run location then finish this sequence
and scan the inputs to select another part sequence

XT Ends definition of sequence #1
Sequence #2 XD2 Begin definition of sequence #2
\Z! Defines the fast velocity
D24233D Total move distance
REPEAT Repeat loop to make parts continuously
MPP Enters Profiling mode—velocity can be changed on the fly
G Initiates motion
DP160@3D After 160,000 steps decelerate to the grind velocity
V.5 Grind velocity
NG Ends Profiling mode—no commands will execute until the move is finished
A2 Return for a new part at a high speed
H Change direction
G Return to the get a new part

UNTIL(INXXXXXXXXD)
TR1

Continue the repeat loop until the run/stop switch is put in the stop location
Wait until the run/stop switch is in the run location then finish this sequence
and scan the inputs to select another part sequence

XT Ends Sequence definition
Sequence #4 XD4 Begin definition of sequence #4
A2 Defines the fast velocity
D2403BD Total move distance
REPEAT Repeat loop to make parts continuously
MPP Enters Profiling mode—uvelocity can be changed on the fly
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G
DP14003D

Initiates motion
After 140,000 steps decelerate to the grind velocity

V.5 Grind velocity

NG Ends Profiling mode—no commands will execute until the move is finished
A2 Return for a new part at a high speed

H Change direction

G
UNTIL(INXXXXXXXXD)
TR1

Return to the get a new part

Continue the repeat loop until the run/stop switch is put in the stop location
Wait until the run/stop switch is in the run location then finish this sequence
and scan the inputs to select another part sequence

XT Ends Sequence definition
Sequence #8 XD16 Begin definition of sequence #16
\Z Defines the fast velocity
D2403D3D Total move distance
REPEAT Repeat loop to make parts continuously
MPP Enters Profiling mode—uvelocity can be changed on the fly
G Initiates motion
DP13333D After 100,000 steps decelerate to the grind velocity
V.5 Grind velocity
NG Ends Profiling mode—no commands will execute until the move is finished
V4 Return for a new part at a high speed
H Change direction

G
UNTIL(INXXXXXXXXD)

Return to the get a new part
Continue the repeat loop until the run/stop switch is put in the stop location

TR1 Wait until the run/stop switch is in the run location then finish this sequence
and scan the inputs to select another part sequence
XT Ends Sequence definition
Sequence #16 XD2 Begin definition of sequence #2
V4 Defines the fast velocity
D24000D Total move distance
REPEAT Repeat loop to make parts continuously
MPP Enters the profiling mode so velocity can be changed on the fly
G Initiates motion
DP8QZJI3D After 80,000 steps decelerate to the grind velocity
V.5 Grind velocity
NG Ends Profiling mode—no commands will execute until the move is finished
\Z Return for a new part at a high speed
H Change direction

G
UNTIL(INXXXXXXXXD)

TR1
XT

Return to the get a new part

Continue the repeat loop until the run/stop switch is put in the stop location
Wait until the run/stop switch is in the run location then finish this sequence
and scan the inputs to select another part sequence

Ends Sequence definition

Since the sequence select inputs are binary weighted, one switch can select each sequence
above. That is why sequences 1, 2, 4, 8, and 16 were chosen. This method is only useful if
there are a few sequences (7 or less).

Application Example #2

If example #1 is modified slightly, the same motion can be accomplished using a different
user interface. In example #2, we will have the same motion requirements, but 30 different
parts will be made. The same run/stop criteria from example #1 are in effect; however,
thumbwheels will be used to enter the grind distance data. The data will be entered as the
length of thepart. The distance of thggind move is the legth of thepart. After the distance

is entered on the thumbwheels, the grind move will run until the stop switch is enabled. A
homing move on power up is still required to place the machine in the parts loading position.

Types of Motion  The required motion will be the same as example #1.

Required
What Will Cause Like example #1, a run/stop switch will be used to start and finish the grind moves. A

Motion and homing move will be required to start the process. This will be done the same way as
When? example 1. The point at which the velocity must slow to a lower velocity will be determined
) by thumbwheels and some math calculations. The user need only enter the length of the part
in inches on the thumbwheels and then select the run mode. The ZX will then perform the
required grind move.
What O VARDN Reads the input data into variable n
; ; O INnA Trigger input, n is the input number
Conflguratlon O INnN Data input
Commands Are o ouTnJ Sets the outputs as strobe outputs
Required? 0O STR Strobe time for reading the data inputs
0 OSB Back up to home switch
O OSG Select final home approach direction
O OSH Select edge of home switch which ZX stops on
0 GHV Select homing velocity
O GHF Final homing approach velocity
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Execution

Required
Sequences

Sequence #100

Sequence #1

The process runs identically to the previous process, with the exception of selecting the grind
move. In this case, the grind move is determined by reading data in via the thumbwheels then
beginning the move when the run mode is enabled. When Stop mode is enabled, new grind

move data can be entered on the thumbwheels. One bank of 8 thumbwheel switches is used so

the enable inputs on the TM8 module are set to the enable state rather than to a ZX output.

The resolution set by the Configure Motor Resolution command is 5000 steps/rev
(CMR509

Command Description
XD12@ Begins definition of sequence #100
MPI Incremental move mode
MN Normal preset mode
GHV2 Initial go home velocity if 2 rps
GHF.3 Final go home velocity of 0.3 rps
OSB1 Back up to home switch
OSH1 Stop on the CCW edge of the switch
0SGY Final approach direction is CW
GH Begin go home move
ININ Sets up inputs 1 - 4 as data inputs
IN2N
IN3N
IN4AN
INSA Sets up input 5 as a trigger input
ouT1) Sets Outputs 1-3 as strobe outputs
ouT2J
OouUT3J
STR19 Strobe time is 10 milliseconds
Al Sets acceleration to 100 rps?
XR1 Runs sequence #1
XT Ends definition of sequence #100
Command Description
XD1 Begins definition of sequence #1
L Starts an infinite loop
A2 Defines the fast velocity
D240033D Total move distance
VARD1 Reads the thumbwheels for variable 1
VAR1=VAR1*1003J Convert part length inches to steps
VAR1=240003-VAR1 Determine distance point DP where velocity changes to a lower speed
REPEAT REPEAT loop to repeatedly make parts
MPP Enters the profiling mode so velocity can be changed on the fly
G Initiates motion
DP(VAR1) Loads the distance point determined in variable 1
V.5 Grind velocity
NG Ends the profiling mode. No commands will execute until the move is
finished
A2 Return for a new part at a high speed
H Change direction
G Return to the get a new part
UNTIL(INXXXXXXd) Continue the repeat loop until the run/stop switch is put in the stop location
TR1 Wait until the run/stop switch is set to run then finish this sequence and scan
the inputs to select another part sequence
N Ends the infinite loop
XT Ends definition of sequence #1

This is the only sequence required. It is an infinite loop where parts are continuously run until
the Stop mode is enabled. When this occurs, the program pauses at the trigger command until
Run mode is selected. The thumbwheels will be read again so a new grind move can be run.
This is more flexible and allows many different grind moves to be executed.

Application Example #3

92

Type of Motion
Required

This application is a process of which the ZX is controlling one axis. A PLC controls the
process. In this process the ZX is feeding material at two different speeds. It will either be
feedirg the material at a gh speed or a lowgeed. The PLC will ginal the ZX when to sfp

the material. The material must be able to switch between the high speed and low speed
without stgoping. When the PLC sfis the material feed, the material is cut and the ZX must
return to the point it started to begin the process again. The point at which the material feed
begins is the home position for starting motion. On power up, the ZX should move to this
position. The PLC controls motion. Three different types of material will require different
high and low velocities.

This application will require continuous moves. It will also require a preset move to return to
the starting location. On power up a homing move will be made. The PLC controls
continuous moves. The moves will always start with the high velocity and will then be
toggled between high and low by the PLC. The PLC will stop the operation when it is
complete. Different move velocities will be required for the different material. The distance of
the preset return move will be determined by the ZX based on the distance it traveled during
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What Will Cause
Motion and
When?

What
Configuration
Commands Are
Required?

Execution

Sequence #100

Sequence #1

Sequence #2

the continuous move.

The PLC will control the entire process. The ZX will home itself after the initial power up.
The continuous move will then begin by the PLC selecting one of three materials. Each
material will have its own high and low velocities. The continuous move will continue until
the PLC issues a stop. Then the ZX will make a preset move back to the start and the PLC
will select one of the sequences again.

Oooooooooooo

SSJ1 Sequence Scan mode

XQ1 Interrupted Sequence Scan mode

INNA Trigger input, n is the input number

INNB Sequence select input

ouTnC Sequence in progress output

OSB Back up to home switch

0OSsG Select final home approach direction

OSH Select edge of home switch which ZX stops on
GHV Select homing velocity

GHF Final homing approach velocity

M C Sets the ZX in the Continuous mode
MN Sets the ZX in the Preset mode

The zZX will be in Sequence Scan mode. The PLC selects one of the three sequences. High speed or low
speed is controlled with one line. One input will also be configured as a stop input. It will set the

velocity level input tal for high speed an@ for low speed. When a stop is issued, the PLC will wait

for the ZX to signal that it is back to the start position and then select the next sequence with the
sequence select inputs. An output is set up to turn on when a sequence is in progress. When it is off, the
PLC can select a new sequence. The new sequence will not run until the ZX has made the preset move
back to the start location. Returning to the start location ends the sequence and allows the next

sequence to be scanned.

Command
XD12d

XT

MPI
MC
GHV2
GHF.3
0SB1
OSH1
0SG@
GH
IN1B
IN2B
IN3A
IN4A
OUTIC
XQ1
ssi

A1DD

Command

XD1

XT

XD1

REPEAT
IF(INXXXXX1)
V3

ELSE

V18.5

NIF
UNTIL(INXXXXXXZX1)
NG

STOP
VAR1=POS
D(VARL)

H

REPEAT
IF(INXXXXX1)
vi

ELSE

V12

NIF
UNTIL(INXXXXXX1)
NG

STOP
VAR1=POS
D(VAR1)

Description

Begins definition of sequence #100
Incremental move mode

Sets ZX to Continuous mode

Initial go home velocity if 2 rps
Final go home velocity of 0.3 rps
Back up to home switch

Stop on the CCW edge of the switch
Final approach direction is CW
Begin go home move

Sets up inputs 1 and 2 as sequence select inputs

High/Low velocity input (trigger input)

Stop input

Sets the output of a sequence-in-progress output
Enables the interrupted run mode

Place the ZX in Continuous Scan mode

Set the acceleration to 100 rps2
Ends definition of sequence #100

Description

Begins definition of sequence #1
Zeroes (clears) the position counter
Sets the ZX in continuous mode
Sets the high velocity to 18.5 rps
Sets the direction to CW

Enables MPP mode

Begins motion

Loops until stopped

Checks for high or low velocity
Sets the velocity to the low velocity
If not low velocity then

Sets the velocity high

End of IF statement

Checks for the stop signal

Ends the Profiling mode

Stops the move

Sets variable one equal to the position counter
Loads the distance with the distance traveled in the Preset move
Sets the direction CCW

Sets the ZX in the preset mode
Returns to the starting point

Ends definition of sequence #1
Begins definition of sequence #1
Zeroes (clears) the position counter
Sets the ZX in continuous mode
Sets the high velocity to 12 rps
Sets the direction to CW

Enables MPP mode

Begins motion

Loops until stopped

Checks for high or low velocity
Sets the velocity to the low velocity
If not low velocity then

Sets the velocity high

End of IF statement

Checks for the stop signal

Ends the Profiling mode

Stops the move

Sets variable one equal to the position counter
Loads the distance with the distance traveled in the Preset move
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H Sets the direction CCW
MN Sets the ZX in the preset mode
G Returns to the starting point
XT Ends definition of sequence #1
XD1 Begins definition of sequence #1
Sequence #3 Pz Zeroes (clears) the position counter
MC Sets the ZX in continuous mode
V9 Sets the high velocity to 9 rps
H+ Sets the direction to CW
MPP Enables MPP mode
G Begins motion
REPEAT Loops until stopped
IF(INXXXXXX1) Checks for high or low velocity
V.5 Sets the velocity to the low velocity
ELSE If not low velocity then
V9 Sets the velocity high
NIF End of IF statement
UNTIL(INXXXXXX1) Checks for the stop signal
NG Ends the Profiling mode
STOP Stops the move
VAR1=POS Sets variable one equal to the position counter
D(VAR1) Loads the distance with the distance traveled in the Preset move
H Sets the direction CCW
MN Sets the ZX in the preset mode
G Returns to the starting point
XT Ends definition of sequence #1
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ZXF Follower

The information in this chapter will enable you to:

O Understand basic following concepts
0 Understand the basic types of following and their common applications
O Become familiar with the ZXF commands associated with following

What is Following?

U Helpful Hint:
The primary axis is an AC
or DC motor. The
encoder is mounted on the
shaft of the primary motor.
The encoder provides the
ZXF with the primary
motor's position and
velocity. The ZXF uses
the position and velocity
data to move the
secondary axis (the
secondary motor is
following the motion of the
primary motor). The ZXF
moves the secondary
motor based on the
primary motor’'s moves.
This concept of following
can be used in different
forms to satisfy different
applications.

The ZXF carperform velociy following and distance followigmmoves. The ZXF can follow
from an incremental encoder input. Unless otherwise noted, all the features that will be
presented or have been discussed are also valid in Fajlowdde. The ol difference is that
you replace the velocity command with a speed ratio and the acceleration with a following
acceleration for distance following. Instead of specifying the speed withdbenmand, you
will specify the speed with respect to the primary axis usindg-@lecommand.

Compumotor
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Types of Following

There are four types of following application motion.

O Velocity following

O Velocity and position following

O Recede and advance while following (includes electronic cam)

0 Phase error correction (synchronization)

The categories are presented roughly in order of increasing complexity. By identifying how
the secondary axis motion relates to the primary axis, you will be able to determine your
application's type and the applicable programming commands. Several features have been
added to address more specific attributes of the various applications.

The ZXF has several features that enhance an application’s functionality.

Registration while following

Jogging in the following mode

Following a pulse train and a direction

Following encoder pulses and the encoder direction

Entering following percentage=QL) via thumbwheels

Entering following percentageFQL) via front panel pushbuttons
Capability of loading the primary encoder position into a variable

Oooooood

The ZXF can perform all of the ZX's programming functions. The only difference is that the
motion profiles are now following moves and motion is based on a primary axis. The ZXF
can also be used in Indexer mode. You can easily switch back and forth from follower and
indexer functionality and create motion programs in which the ZXF serves as both a follower
and an indexer.

Variables, general-purpose & read-only (position [POS], primary encoder position [FEP], etc.)
Math

Complex branching+ ELSE , REPEAT UNTIL, WHILE

On-the-fly changes—MPP mode

Flexible 1/0

O Closed-Loop mode while following

For an explanation of the features that are common to both the ZX and the ZXF, refer to
Chapterd] Application Design You should understand how to set the ZXF for following.

You can use one commarfS| ) to enter and exit the Indexer and Following modes.

O Helpful Hint: g
The ZXF has the following [
programming capabilities: 0
a
a

Command Description
FSI1 Enters the following mode
FSI@ Exits the following mode(indexer mode)

The rest of this chapter explains the four following types. Additional features of ZXF
following will also be covered.

Velocity Following

In velocity following, the secondary axis uses the primary axis' speed. The relationship of the
primary axis position with respect to the secondary axis is irrelevant. In these applications, the
secondary axis accelerates at a specified acceleration up to a ratio of the primary axis' speed.
Preset or continuous moves are performed in the same manner as in Indexer mode. Exact
distances on the secondary axis can be moved in Preset mode, but instead of moving at a
velocity specified by th& command, the secondary axis moves at a ratio of the primary axis'
velocity specified by thEORandFOL commands. The acceleration is independent of the
primary axis encoder and is specifieddgndAD (like an indexer).

Once the secondary axis accelerates to the specified following ratio, it tracks the primary axis'
speed and position at the specified ratio. During the acceleration, the primary encoder speed and
position are not followed. The acceleration ramp is independent of the primary axis. After the
secondary axis accelerates to the specified following ratio, it will follow the primary axis (if the
primary axis slows down, the secondary axis slows down).
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O Helpful Hint: Velocity Following

Velocity following is Velociy
used in dispensing and Primary Axis
on-the-fly cutting Vi

applications. -
pp N Va

Time

Velocity
Secondary Axis

Time

Velocity Following

In each of the following categories described, the secondary axis only moves in the direction
specified by either thB command, th& command, or thel command. If the primary axis
changes direction, the secondary axis will still move in the same direction. Only the number
of pulses and the rate of the pulses determines the secondary axis' motion. With position and
direction tracking enabled, the secondary axis will follow the primary axis' direction. To
illustrate velocity following, detach the encoder from the primary axis and manually move the
encoder.

In the figure, if the primary velocity changed after the following ratio was achieved, position
and velocity were tracked exactly. If the primary axis' velocity were half as fast as the

example in the figure below, a different phase or positional relationship would result during
acceleration from rest. This is why it is velocity following. Again, once the secondary axis
accelerates to the specified following percentage, it will follow velocity and position exactly.

Velocity Velocity Following
Primary Axis
1/2v1
Time
Velocity
2 vi Secondary Axis
Time

Primary Axis as Half Speed with Velocity Following

Setting Up Velocity Following

To perform velocity following, you must use two commands.

Command Description

FOR Relates the number of secondary motor steps per unit of travel to the corresponding
primary encoder steps per unit of travel.

FOL Relates the speed of the secondary axis to the speed of the primary axis as long as

FOR is set correctly. The value is entered as a percentage of the primary axis speed.

The ZXF uses the equation to determine the number of motor steps.

Motor Steps = FOR % « Encoder Steps
These two commands;QRandFOL) remove the complication of having a different
resolution for measurement of distance on the primary and secondary axes. Once you relate the
number of primary encoder pulses per unit of travel to the number of secondary motor pulses
per that same unit of travel, you can relate their speeds. You can specify the secondary axis to
move at 50% of the speed of the primary axis (1:2 ratio) or 100% of the speed (1:1 ratio).
The encoder is usually mounted on the primary axis or through gearing and will measure a
certain number of pulses per inch. The secondary axis would also have some certain number
of pulses per inch. The ratio of the secondary axis steps to the primary axis' steps is entered
in theFORcommand. If the primary axis moves at 10 ips (inches per second) and the
secondary axis is also set to move at 10 ips, a speed percentage of 100 is all that needs to be
programmedROL1J@. The remaining commands are standard ZX commalds. the
following steps to implement the Velocity Following feature.
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Preset Moves In Velocity Following

98

Step O

Enter the number of secondary motor steps per unit of travel per number of primary encoder

steps per the same unit of travel. In this example, motor step resolution is 25,000 steps/rev
and encoder resolution is 4,000 steps/rev. The unit of travel is 1 revolution. The ratio is

25,000/4,000 or 6.25.

Command Description
> FOR6.25 Sets the motor step to encoder step ratio of 6.25
> OFF Turns the ZXF off
> CMR25@039 Sets motor resolution to 25000 steps/rev
> ON Turns the ZXF on
Step O Enter the following mode with theSI command.
Command Description
> FSI1 Enters the following mode
Step O Set the speed ratio. If the secondary axis is to move at the same speed as the primary axis
(100% of the primary axis' speed), erff®@L13J
Command Description
> FOL199 Secondary axis will move at 100% of the primary axis' speed
Step O Set the ZXF to Continuous mode and begin motion witlQlsemmand.
Command Description
> MC Enters Continuous mode
> A5@Q Sets acceleration
> AD5@Q Sets deceleration
>G Initiates motion
Turn the encoder. The ZXF should move at the same speed that you are turning the encoder.
Change the direction that you turn the encoder (note the secondary axis’ motion). Follow the
steps below.
Step O Execute the following commands.
Command Description
>S Stops the continuous motion command issued above
> 1FSP1 Enables Direction Tacking mode
>G Initiates motion
Step O Turn the encoder or move the primary axis so that the encoder moves. The ZXF will begin

moving. Change the direction that the encoder is moving. The ZXF will change direction.

To change the relative direction between the ZXF and the encoder, use the change direction
command ). Now turn the encoder and note that the ZXF's relative direction has changed.
Direction tracking and pulses can only be used in Continuous mode. Preset moves can also be
performed in Velocity Following mode.

A preset move iperformed as in the standard Indexer mode. Issue the mode normal command
(MN and specify a distance in terms of secondary motor steps. In a preset move:

[0 The secondary axis accelerates (A) to the desired speed percentage.
[l It decelerates at the rate set with the AD command.
[0 It moves the specified distance (D) and stop.

If the primary axis' speed varies, the acceleration ramp will be the same, but the distance that
the secondary axis travels to reach its following ratio will be different. The positional
relationship or phase relationship is not maintained during acceleration. Once the secondary
axis achieves the following percentage speed, it will track both velocity and position exactly.

Attach the encoder to the primary axis. Start the primary axis moving

Description

Enters Normal mode

Exits the direction tracking mode

Sets acceleration

Sets deceleration

Sets the following speed percentage to 100
Sets the distance to 125000 steps

Initiates motion

Velocity following is the simplest form of following. All motion in the ZXF is programmed
like the ZX. The only exception is that the velocity command is replaced by a following
percentage. Direction tracking must be disablE®R@J while following in Preset mode

Step O

Step O Enter the following set of commands.
Ll Helpful Hint: Command
The secondary axis moves > MN
125,000 motor steps at the > FSPQ@
same speed as the primary ASOD
axis. Repeat the example,
but vary the primary axis’ > AD509
speed. The secondary axis > FOL1@@
still moves 125,000 steps, > D125@@Q0
and its speed varies withthe G
primary axis.

(MN.
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Position and Velocity Following

Position and velocity following is the most common form of following. In this case, the
secondary axis must maintain a specific positional relationship with the primary axis. The
primary axis moves agecific number oprimary encodepulses while the secondeaxis moves
a pecified number of secondamotor stgs. The secondgraxis moves at the samgegd as the
primary axis (a 1:1 speed ratio) in most of these applications. Coil winding applications,
however, are an exception. In these applications, the primary (i.e., the spindle axis) and
secondar axes (i.e., the traverse axis) relatiopshibased on a desirgidch. Thispitch defines
a position and velocity that will arbitrarily set the speed based on the application. The
positional relationship is usually defined by a single traverse that corresponds to a specific
number of spindle axis turns, thus defining a specific number of primary encoder pulses during
which a specific number of secondary pulses must be traveled.

Primary Axis at Rest

There are two variations of position and velocity following. The difference is in the primary
axis' motion. The less common form starts the primary axis motion from rest. The
secondary axis must follow the primary axis pulse for pulse. In this type of application, the
secondary axis is in a continuous move and tracks the primary axis' motion exactly. A web
positioning system where two axes are guiding the web (one edge is the primary axis and the
other edge is the secondary axis), is an example of such an application. The web can be
positioned based on the primary and secondary axes relationship.

Primary Axis

Vmax

1 t (sec) 5
Secondary Axis
Vmax

1 t (sec) 5

Pulse-for-Pulse Following

If the primary axis starts from rest, the secondary axis must track it pulse forpakse (
command). If position tracking is disabled, the ZXF will only follow the pulse count and will
not change direction if the primary axis changes direction. This is acceptable in many
applications. In some applications, however, the primary axis may overshoot when it comes
to a rest and the encoder will change directions. The secondary axis may mimic the overshoot
if position tracking is enabled.

Since the ZXF is following the primary axis’ pulse count only, it actually moves the
secondary axis too many pulses. By enabling Position TrackBB1), you can track the
primary encoder’s direction and pulse count and not accumulate excess pulses caused by

overshoot.

Command Description

FSA1 Enables Pulse Tracking—secondary axis instantly accelerates between commanded
velocities

FSP1 Secondary axis tracks both the direction & pulse count from the primary encoder

Disable Following Synchronized AcceleratidfSFQ and enable Continuous Move mode to
use Pulse Tracking-GAl).

Primary Axis in Motion

The most common form of position and velocity following begins with the primary axis
already in motion. The secondary axis must accelerate to the primary axis’ specified speed
ratio. In this type of application, the secondary axis must accelerate to a known positional or
phase relationship with the primary axis. The primary axis is usually a conveyer or web and
the secondary axis performs an operation on the web or parts on the conveyer. The primary
axis is always moving, so the secondary axis must move at the same speed and with the
correct orientation to perform some operation on the moving primary axis. To maintain
positional and velocit relationshps, the secondgraxis must accelerate over a known distance
with respect to the primary axis (i.e., following acceleration is needed). The Set Following
Synchronization RateHAQ and Set Followig Synchronization CountHEN) commands are
used in conjunction with the velocity following commands.
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0 Helpful Hint:

It does not matter if the speed
of the primary axis varies,
the secondary axis'
acceleration is based on
primary encoder steps (not
time).

O Helpful Hint:

If the primary axis' speed is
1/2 the maximum velocity,
the acceleration ramp will be
twice as long. The shaded
portions in the top figure are
equivalent to the shaded
portions in the bottom figure.
The primary axis' velocity
can change at any time, even
during the secondary axis'
acceleration ramp, without
changing the positional
relationship.

0 Helpful Hint:

This figure shows how the
acceleration rate varies if the
primary axis' speed varies

The A andAD commands used in velocity following are replaced by a following acceleration.
A following acceleration is attained by stepping through subsequent ratios from the present
following ratio to the final following ratioROL). The increment between ratios is set by the
FACcommand. Incrementing from one ratio to the next is based on the primary encoder
changing by a set number of primary encoder pulses. This number of pulses is set by the
FENcommand. For example, if the value fokCis 1, the value foFENis 10, and the

final following speed percentage is 1G80L), the secondary axis must accelerate from zero
speed to 100% of the primary speed. From rest, every 10 primary encodeFEtdphé
following percentage will change by an increment of F2A@ until it is equal to the final
following percentage of 100%-QL). Therefore, the secondary axis will accelerate over 1000
primary encoder steps.

The shaded area indicates the distance moved by both the primary and secondary axes while the
secondary axis is accelerating. The secondary axis moves 1/2 the distance that the primary
axis moves. This will always be the case when the secondary axis accelerates from rest to the
same speed as the primary axis, when the primary axis is already moving.

Primary Axis
. .
) ) ) ) ) ) ) )
} } } } } } } |

1 t (sec) 5
Secondary Axis
Vmax
} } } } } } } } |
1 t (sec) 5

Following Acceleration

Primary Axis

o _
T T T
1

Secondary Axis

Following Acceleration With Primary Axis Velocity Change

o

t (slec)

1/2 Vmax

t (séc) I I5

The shaded area for the secondary axis is 1/2 of the shaded area under the primary axis curve.
When the primary axis is moving and the secondary axis must start from rest and accelerate to
the primary axis' velocity, the secondary axis will always move 1/2 the distance. Using
following acceleration, the secondary axis adjusts its acceleration according to the primary
axis' velocity (it will always accelerate over the same distance while the primary axis moves a
specified distance). To synchronize secondary and primary axes' positions, the secondary axis
must start ahead of the primary axis to compensate for the fact that the primary axis is already
moving (velocity = Vp).

Position and Velocity Following

Primary Axis

‘ velocity =V p > |
NN
8000 16000 24000 32000 40000 48000

| . velocity =0 |

Secondary Axis

The secondaryaxisbegs movingwhenthe primary axisis at location0 on the scale.

Starting a Velocity & Position Following Move—1:1 Ratio

The key to position and velocity following is that the Vp value does not matter. Assuming
the application in the figure above is programmed with following acceleration (the spots)
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while accelerating over 8000 primary encoder steps, will always be at a 1:1 speed ratio after
the primary axis moves the 16000 steps (see figure below).

Velocity and Position Following
Primary Axs
| . vebcity =Vp > |
8000 16000 24000 32000 40000 48000
| . vebcity = Vp ’ |
SecondaryAxis
Thesecondary has achieveda 1:1 ratio and they are synchroniz ed positi onally.

Velocity & Position Following After Acceleration Is Done

Following Acceleration

Calculating
FAC & FEN with
Axis #1 Data

FEN Equation

FAC Equation

Accelerating over a known distance with respect to a known primary axis distance allows you
to synchronize the exaghase relationshiyou want between thgrimary and secondgraxes.
Following acceleration enables this synchronization.

Command Description

FAC The increment of following ratio by which the following ratio changes
during acceleration

FEN The number of encoder pulses that cause the following ratio to
increment to the next value

FSF1 Enables Acceleration mode

To determine whaFACandFEN values, you must know the following:

0 The maximum velocity that the primary axis can travel (the velocity must be in units of
primary encoder steps per second)

O The distance in primary encoder steps that the primary axis will move during which time the
secondary axis will accelerate or the maximum acceleration that the secondary axis can

accelerate
These parameters will be denoted as follows:
VPmax = Maximum primary velocity in encoder steps per second

Dpacc = Distance primary axis travels while secondary axis accelerates in
primary encoder steps

OR

ASmax = Maximum acceleration of the secondary axis

Based on these equations, the value§&CandFENcan be determined:

TF Primary Encoder Counts
FEN=VDP max * 7000 VP max = Second
TF = Primary Encoder Sample Period in ms
_ FOL<Vp max TF _ Primary Encoder Counts
FAC= DPace * 1000 VYPmax = Second

TF = Primary Encoder Sample Period in ms
FOL = Following percentage in units of percent

Dpacc = Distance primary axis moves during secondary axis accel in units
of primary axis encoder counts

Typically, the application will have the secondary axis start from rest and accelerate up to an
FOL value of 100 (1:1 ratio). However, the FOL value can be any value that is within the
limits of the motor/drive system. dgc is in units of primary encoder steps. Determining

theFACandFENvalues sets the number of primary axis encoder steps over which the
secondary axis will accelerate (independent of the primary axis' speed). The secondary axis
always travels the same number of motor steps during acceleration while the primary encoder
moves Dpce

The TF command allows you to set the sample period of the primary axis' encoder. It is

programmable from 1 - 32 ms. The default is 4 ME. simply scales theACandFEN

values. In th&=ACandFEN equationsTF is used in units of ms—the constant of 1000

converts it to seconds so that the units cancel properly. Typically you willWatd be as

fast as your system will allow (1 ms). If the primary encoder is moving slowly, you may

need to increase the sample rate to more than 1 ms because the actual encoder count does not
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Calculating
FAC & FEN with

AXxis #2 Data

102

Dpacc
Equation

change by much in a sample period and thus you have coarser resolution on the changes in
encoder counts. For example, if your sample period is 1 ms and the maximum speed is 1 rps,
the encoder count only changes by 4 counts each sample period. If there is a slight variation

in speed and you read a change of 3 counts, there is a 25% variation. This may cause choppier
secondary axis motion. Changing the encoder sample period can have a smoothing effect.

You may know only the maximum acceleration rate of your secondary axis. You can
determine Dpccusing Anaxand the following speed percentage that you are accelerating to.

2
VPmax FOL

DPacc = Asmay 'FOR*® 700

The acceleration is in units of secondary motor ste@s/§ae maximum velocity of the
primary axis is in primary motor steps/sec.

Using this value for Dgcg you can use thEACandFEN equations. Remember to enable
the Following Synchronized Acceleration mo&&F1) to enable following acceleration.
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How Following Acceleration Works

U Helpful Hint:
Following Acceleration
Example

Ll Helpful Hint:
The application requires a
following acceleration that
is based on encoder
pulses rather than time.

The concept of accelerating the secondary axis over a known distance with respect to a known
primary axis distance (independent of the primary axis' speed) is based on analogies drawn
between following and time-based motion. In time-based motion, the velocity describes the
rate of change of the position with respect to a change in time. In following-based motion,
the secondary axis moves at a ratio of the primary axis' velocity. This following ratio is of

the same units as the velocity it is following, but is scateel following ratio is analogous

to a velocity. Similarly, an acceleration in the time domain is defined as the rate of velocity
change. The analogy in following would be to have a following acceleration that is a rate of
change of the following ratio. Time-based motion is based on sampled time whereas
following is based on the sampled primary axis encoder pulses (for digital systems).

Primary axis encoder fi 4000 counts/revolution

Secondary axis fi 4000 steps/revolution

Primary axis speed = 1 rps

Secondary axis following speed percentage = 100%

Distance that secondary axis accelerates = 2000 primary axis encoder steps
Primary axis encoder sample period = 1 ms

Ooooooaod

The secondary axis must how accelerate over 2000 primary encoder steps to a following
percentage of 100% or a speed of 1 rps. Specifying the number of primary encoder pulses and
the final speed that the secondary axis must attain after acceleration defines the acceleration
ramp. If the secondary axis' acceleration is based on time, you can calculate an acceleration
ramp that will accelerate the secondary axis properly.

L 2000 steps
Acceleration time = SRSES 0.5 seconds
4000 —P—Stseecs

Change in velocity = 4000 steps/sec — 0 steps/sec = 4000 steps/sec

4000 S g teps
Acceleration = — SC  _gpgg  Steps_ Sec
0.5sec sec 2 ms

If velocity is changed by 8 steps/sec every sample period (TF - 1 ms), you will achieve the
desired acceleration ramfhe problem is that the application is time dependérihe

primary axis’ speed changes, the secondary axis would no longer accelerate over 2000 primary
encoder steps.

Change in Following Percentage = 100% - 0% = 100%

Following Acceleration time = 2000 St; e; vl 500 ms = 500 sample periods
4000 Teec
. . 100
Following Acceleration = 500 - 0.2 (FAC)

The application is still time dependent. To remove the time dependency and make the
acceleration dependent on the encoder pulses, replace the time sample period by an encoder
period. In the previous example, the following percentage was based on changing the
following percentage by 0.2 every sample period. It will take 500 sample periods to achieve a
100% following percentage. At 4000 steps/sec, the primary encoder is changing at a rate of 4
steps per ms or 4 steps/sample period.

1 sample period = 4 steps (encoder period—FEN).
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Decelerating

Instead of changing the following percentage every sample period, change it every time the
encoder count changes by 4 steps. If the primary encoder is moving at the maximum
velocity, the acceleration rgmwill be equal to the maximum acceleratiprovided. However,

if the primary encoder velocity is less than the maximum velocity, the acceleration will also
be reduced. The distance that the secondary axis accelerates and travels (with respect to the
primary axis’ moves during this acceleration) will remain unchanged. If the primary axis
exceeds the maximum velocity, the acceleration ramp would also increase and exceed the
maximum acceleration, which may cause an overcurrent or related servo error.

In the ZXF, the following percentage changes byRA€ value for each change in encoder
steps ofFEN steps. Several different combinationd=#fC andFEN can achieve the same
acceleration ramp. However, only uniga&CandFEN values will satisfy a specific
maximum velocity and maximum acceleratidhACandFENcan easily be determined with
the equations and examples discussed earlier.

The ZXF decelerates to zero speed usingMbealue. Although you may expect that this

will diminish the positional relationship, this is usually not a concern at the endpoint in a
profile. The following move is usually started by a trigger, which indicates that the primary
axis is at a particular location. The move could also be started based on the primary axis'
encoder position. The move is typically of a preset distadd® important point is

that the secondary axis is at a known position with respect to the primary
axis when the profile begins This positional relationship is maintained during
acceleration. After the secondary axis moves the appropriate distance, it will normally return
the same distancejitst traveled at a gh gpeed toprepare for a rpeat move. This is whthe
deceleration is not important. However, in cases where the ZXF must perform electronic cam
profiles, a deceleration's positional relationship may be necessary. In this case, the ZXF can
decelerate to a stop using thACandFEN values by setting the following ratio to @

(FOLQ while in Mode Position Profile mode. To terminate this move, a stop command
must be issued after the secondary axis reaches zero speed.

Position and Velocity Following Examples

104

Step O

Step [

In this example, you will perform a preset move using following acceleration (with the
parameters and motion requirements listed below).

Primary axis encoder resolution = 4000 counts/rev

Secondary axis motor resolution = 25000 steps/rev

Maximum primary encoder speed = 2 rps

Distance in primary encoder steps that the secondary axis must accelerate over = 2000 steps
Desired speed ratioFOL = 100% (1:1 ratio)

Preset secondary axis move distance = 3 motor revolutions

O Encoder sample periodH = 4 ms

A preset move of 75000 steps will be made. The secondary axis will accelerate over 2000
primary encoder steps up to the same speed as the primary encoder. A trigger will initiate
motion. Follow these steps to perform the move profile. The encoder sampling period is set
to the default of 4 ms.

Ooooood

Determine the values fé*tACandFEN from the following equations.

TF revs counts 4
FEN=VDp max * 7000 =2 Sec ° 4000 Tev * 71000 Sseconds = 32 encoder
counts
counts

FOL+Vp max TE 100 « 8000 Sec 4
FAC = —Dpacc ° T000 - 2000 counts * Tooo seconds = 1.6
percent
Enter the values foFENandFAC.
Command Description
> FEN32 Number of encoder counts of change required to increment

the following percentage by FAC

> FAC1.6 The amount the following percentage increments for each

FEN change in encoder counts

If you want to change the primary encoder’s sample period to 1 ms, scaleEdodimdFAC
by the change in th€F value. For example, if you go from 4 ms to 1 ms, dirée and
FEN by 4 to get the following values.
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FEN=8
FAC=0.4

If we went fromTF4 to TF8, multiply FACandFEN by 2. Remember to change
FACand FENIif you changeTF.

Step O Enable the following acceleration mode.
Command Description
> FSF1 Enables following acceleration
Step O Start the primary axis, then enter the commands below to perform the following acceleration
move. If the primary axis' speed exceeds 2 rps, the following acceleration will not work
properly.
O Helpful Hint: Command Description
Secondary axis accelerates > MN Sets ZXF to Normal mode
over 2000 primary encoder > FS|1 Enables following
f;geseé igtc)grldggR%)gsézso > D75020 Sets the preset move distance to 75000 steps
motor steps over this > FOL19@ Sets the following percentage to 100%
acceleration ramp. > G Starts the following move

Following Acceleration Application: Bottle Filling

Typically, an application that requires position and velocity following will start the secondary
axis from rest and accelerate it to 100% of the primary axis' speed (a 1:1 speed ratio). A
trigger initiates motion on the secondaxis when gart orproduct is in garticular location

on the primary axis. In this example, a conveyer belt moves bottles on a production line.
The secondary axis is a filler that accelerates up to the conveyer’s line speed and fills the
bottles. It fills six bottles at a time and then returns to the start point to fill six more.

O Helpful Hint: P ,]
In this application, the rate ' |
at which the bottles can be

filled determines the
maximum rate of the
entire dispensing cycle.

V = 8 ips (inches per sec)
E—

Position & Velocity Following—Bottle Filling Application

One cycle of operation consists of the following steps.

] Secondary axis accelerates to the conveyer line speed.

] Secondary axis enables an output that prompts dispenser to fill bottles.

] Secondary axis decelerates to a stop and returns to the starting point (at a high speed) to begin
filling the next set of bottles.
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[l Helpful Hint:
Application Information

L1 Helpful Hint:
The cycle begins when
the bottle marked S
crosses the trigger
Sensor.

U Helpful Hint:
This figure shows the
two axes after the bottle
filler reaches line speed
and is ready to begin
dispensing.

U Helpful Hint:

Note the location of the

next set of bottles to be
filled.

Maximum conveyer spee@ ips

Time to bill bottles 2.5 seconds

Primary encoder resolution4000 counts/rev

Primary encoder linear resolution2 revs/inch = 8000 counts/inch
Distance between bottles inches

Bottle filler motor resolution 25000 steps/revolution

Bottle filler linear resolution 1 revolution/inch = 25000 steps/inch
Distance over which bottle filler accelerate® inches

An output must be activated at the point that the bottle filler is moving at the same speed as
the conveyer to initiate the dispensing of fluid into the bottles. A photoelectric sensor detects
a bottle and begins the filling cycle. The ZXF waits for the sensor as a trigger. When a
bottle is detected, the ZXF accelerates to the line speed, turns on an output, fills the bottle
stops, and returns to the starting point to wait for the next trigger. The figure below depicts
the conveyer and the filler axis at the start of a filling cycle.

Conveyer

S E

O O O O O O Bottles
"ttt
* 8 16 24 32 40 48 56 64 72 80 88 96
1 Sensor

V=Vmax —»

Bottle Filler V=0

Start of A Filling Cycle

] Secondary axis accelerates to the conveyer line speed.
] Secondary axis enables an output that tells dispenser to begin filling bottles.

] Secondary axis decelerates to a stop and returns to the starting point (at a high speed) to begin
filling the next set of bottles.

Conveyer

O .O .O .O .O .O Blott/es

f

$ 8 16 24 32 40 48 56 64 72 80 88 96
, Sensor V= Vmax )

1

1

I

Bottle Filler V=0

Bottle Filler Has Accelerated to Line Speed

A bottle can be filled in 2.5 seconds. At a maximum conveyer speed of 8 ips, the conveyer

will move the bottles 20 inches. The figure below shows the bottle's location after the first
six bottles have been filled.

Conveyer

E S E
O O O . . . . . . Bottles
——t—+—t—+—t+—+—t+—+—+—t+—t+—+—t++—+—++—++—+++
" 8 16 24 32 40 48 56 64 72 8 88 96
1 Sensor V=Vmax —»
1
: L

Bottle Filler V=Vmax

Dispensing is Completed

The bottle filler must now stop and return to the start location before the bottle narked
crosses the trigger point. It must now return 22 inches to the start before the bottles have
moved 20 inches. The bottle filler will be in place, ready for the next trigger from the next
set of bottles. It will arrive in place 4 inches before the next bottle. At 8 ips, 500 ms will
elapse before the next bottle.
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[ Helpful Hint:

This figure the location

of the bottle filler after it
has stopped.

[l Helpful Hint:
This figure shows the
bottle filler after it
returns to the starting
point.

Step U

Step U

Step [

Conveyer
E S E
O O O . . . . . . Bottles
1
* 8 16 24 32 40 48 56 64 72 80 83 96
1 Sensor V=Vmax ——»
1
1
. L]
Bottle Filler V=0
Bottle Filler Stops

To get back to the starting point before the conveyer has moved 20 inches, the bottle filler
must return at a speed faster than the conveyer. It will accelerate at the same following
acceleration set for the first part of the cycle. After the conveyer travels 4 more inches, the
cycle will resume.

Conveyer

0 0 0

E E
O . . ' . Bottles
————t—t t ———————

1
8 16 24 32 40 48 56 64 72 80 88 96

V=Vmax —»

Bottle Filler

Sensor

-

Bottle Filler Ready to Start a New Cycle
To program the application, use the following steps.

Determine thé=-ORvalue.
Primary conveyer axis steps per inch = 8000
Secondary bottle filler axis steps per inch = 25000

25000

FOR= 8000

=3.125

Determine thé&~ACandFENfollowing acceleration parameters. The encoder sample period
time (TF) is 1 ms.

_ steps inches 1
FEN = 8000 inch Second 1000 - 64 steps
100%-8000 SEPS g Inches
FAC= inch second 1 04
B 16000 steps 1000 ~

Determine how far the primary and secondary axes will move during the dispensing part of the
cycle. This includes the bottle filler's acceleration and deceleration moves when no fluid is
dispensed.

steps

VpPpmax = 64000 Sec

The dispensing takes 2.5 seconds. During the time that a constant following percentage
occurs, the conveyer will have moved:

steps _
sec ° 2.5 sec = 160000

Dpcon = 64000

The secondary axis will move this distandeOR

secondary motor steps
primary encoder steps

Dscon = 160000 primary encoder steps « 3.125
steps

= 500000 secondary motor

The secondary axis or bottle filler axis will accelerate over 2 inches of the conveyer at
maximum speed and decelerate over two inches. If the conveyer moves slower, the dispensing
part of the process will become a smaller percentage of the total cycle. The distance the
secondary axis travels during acceleration will be one half of the distance the conveyer or
primary axis travels. The secondary axis starts from rest and accelerates to match the primary
axis' speed. The secondary axis will move 1 inch during acceleration and 1 inch during
deceleration. The total distance of the bottle filler move is:
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. steps
Dsoc =500000+ 2+ H inch + 25000 R‘;—E = 550000 steps (secondary mir
steps)

The value to be entered for tA® command for deceleration is:

inches %
\2 @ sec —3 inches revolution B revs

AD= 2.D _ 2e+1inch - sec2 inch - sec 2

If the primary axis' speed changes, the ZXF will still decelerate at this rate. The distance that
the bottle filler moves will be identical, regardless of the primary axis' speed, so the bottle
filler will still have to make a 22-inch movmackwhile the primary axis moves 20 inches.

Step ] You have determined the parameters necessary for the first part of the move. Next, you must
determine the following percentage required to move the secondary axis back 22 inches while
the primary axis moves 20 inches. Use the following equation to detefi@ine

FOL Equation FOL = Dorim 7 Dorim Dsec Where K = FEN
= 200-K £200-K FOR-K ''ereR=" 700. FAC
160000 1160000 [p _ 550000 ~ ;
FOL= 200.16 F300-16 [ 3125.16  ~ °200-3742=1258%

125.8% is the return following percentage.

Step [ Enter the sequence below to implement the motion.
Command Description
> XE1 Erases sequence #1
> XD1 Defines sequence #1
FOR3.125 Sets motor to encoder steps per unit travel ratio
FAC.4 Sets the following acceleration increment to .4 % per encoder period
FEN64 Sets the encoder period, which increases the percentage to 64 steps
D55003@ Sets the secondary axis move for the cycle to 550000 motor steps
FSI1 Enables following mode
AD32 Sets the deceleration to 32 rps?
IN1A Defines input 1 as a trigger input
IN2D Defines input 2 as a stop input
L Starts a continuous loop
FOL12@ Sets the initial following percentage to 100%
TR1 Waits on the input trigger
G Starts motion
FOL125.8 Sets return move following percentage to 125.8%
H Changes the direction
G Starts the return following move
H Changes direction again
N Ends the loop—the following cycle will repeat
> XT Ends the sequence
To decelerate using tHBACandFEN values, modify the program as follows:
Command Description
> XE1 Erases sequence #1
> XD1 Defines sequence #1
SSH1 Sets save buffer on stop
FOR3.125 Sets motor to encoder steps per unit travel ratio
FAC.4 Sets the following acceleration increment to .4 % per encoder period
FEN64 Sets the encoder period, which increases the percentage to 64 steps
D55000@ Sets the secondary axis move for the cycle to 550000 motor steps
FSI1 Enables following mode
AD32 Sets the deceleration to 32 rps?
IN1A Defines input 1 as a trigger input
IN2D Defines input 2 as a stop input
L Starts a continuous loop
FOL1929D Sets the initial following percentage to 100%
TR1 Waits on the input trigger
MPP Enters the profiling mode
G Starts motion
FP176000 Waits until 176000 encoder pulses have passed
FOL@ Stops the motion of the secondary
FP1600J Waits for the decel ramp distance
STOP Stops the move itself
FOL125.8 Sets return move following percentage to 125.8%
H Changes the direction
G Starts motion
FP139782 Waits until 139782 encoder pulses have passed
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FOL@ Stops the motion of the secondary

FP2@218 Waits for the decel ramp distance

STOP Stops the move itself

H Changes direction again

N Ends the loop—the following cycle will repeat
> XT Ends the sequence

The value fo=P during the return move is determined balculatirg the distance thgrimary
axis will move during acceleration and the constant following percentage portion and
determining the distance it moves during the deceleration portion. This is determined from:

Dpgcc = FOL- % =125.8% - % = 20218 encoder steps

Dpdec =Dp acc =20218inches
Dpcon =D prim -Dp  dec -Dp acc = 119564
Dprim =20 inches =160000

Thefirst FP = Dpgon + Dpacc = 119564 + 20218 = 139782. Thecond P = Dpdec = 20218.

The secondFP (20218 steps) measures the deceleration ramp. After deceleration, the move stops.
The acceleration and deceleration ramps are based on the primary axis' speed.

Recede and Advance While Following

Receding and advancing while following requires position and velocity following. In this type
of application, the secondary motor follows the primary encoder at a 1:1 ratio or at the same
speed. The secondary motor has a specific positional or phase relationship with the primary
encoder. This type of application is used when multiple operations (such as welds) must be
performed on one moving part. The operations are performed at various places on the part,
requiring the secondary axis to advance or recede.

In anadvance applicationthe secondary axis must accelerate and move a specific distance
beyond the primary axis, then decelerate to a 1:1 ratio. The secondary axis moves a specific
distance with respect to the primary axis while both axes are movingretede

application the secondary axis decelerates until it recedes a specific distance behind the
primary axis and then resumes a 1:1 speed ratio with the primary axis.

The point at which the advance or recede move occurs is based on a specific position on the
primary axis or an input trigger. This type of application requires the following ratio be
changed on-the-fly while based on either an input or the primary encoder's position. It also
requires the secondary axis to move a specific distance while the primary axis moves a
corresponding specific distance. In this manner, the secondary can advance or recede a specific
distance with respect to the primary axis.

To change the following ratio on-the-fly, you must use Motion ProfilM&® mode. You
will need to measure the distance traveled by the primary encoder. Use the set of commands

below.

Command Description

> FPn Delays command processing for n primary encoder steps

> FPAN Delays command processing until the absolute count of the
primary encoder has reached the value of n

> VAR1=FEP Allows you to read the Following Encoder Position’s value

) into variable 1
Advance Following Example

In this example, the primary axis has a 4000 count per revolution encoder. The secondary
motor has a 4000 step per revolution motor. Therefore, the valt®©Ris 1. The
application requires that the secondary axis:
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O Helpful Hint:
This figure shows the
move profiles. The dark
shaded area is the
distance the secondary
axis advances with
respect to the primary
axis. The light shaded
area is the distance that
both axes move during
the advance portion of
the profile.

Accelerate over 4000 primary encoder steps

Move at a 1:1 ratio for 2 primary encoder revolutions

Advance (with respect to primary axis) 12000 primary encoder steps
Move 2 more primary encoder revolutions at 1:1 after advancing

OO

Stop
Primary Axis
Vp
1 2 3 4 5 6

5 t (sec) 10

2+yp | Secondary Axis

vp
1 2 3 4 5 6 \

f
T T T 1

5 t (sec) 10

Advancing with Respect to the Primary While Following

In these types of applications, the phase relationship or positional relationship is set with the
FACandFENvalues (for as long as the following acceleration is performed). When the
secondary axis accelerates from the 1:1 ratio to the 2:1 ratio, it will again accelerate at the
following acceleration set. When it decelerates back to the 1:1 ratio, it decelerates in the same
manner as it accelerates (using f#eCandFEN following acceleration rate). When the
secondary axis decelerates backetst or zero speedt will decelerate at th&Drate. If the
secondary axis must decelerate to zero speed &tGandFENvalues, you must use

FOL@and set the following ratio to zero to make it stop.

Before programming this move profile, we will completely analyze the motion of the
secondary and primary axes and then describe the sequence of commands necessary for
performing the move.

In the figure above, assume that the primary axis is moving at a maximum speed of 4000
steps/second. The area of each 1-second block represents 4000 primary encoder counts.
Starting with Section #1, the primary encoder begins the section at a speaglpf ¥p/p =

4000 steps/sec. Therefore, the primary encoder moves 4000 counts during this section. From
Section #1 of the secondary profile's plot, you can see that the secondary motor starts from
rest and accelerates to a 1:1 speed ratio over 4000 counts of the primary encgger, Dp

4000 steps. You can calculate the deskA€ andFENvaluesto create such an acceleration
ramp. This following acceleration will be used throughout the profile when changing from

one following ratio to another. Set the encoder sampleTatep 1 ms.

Vpmax = 4000 steps/sec
Dpgcc = 4000 steps

TF steps 1
FEN=Vp max * Tpoo =-4000 —ec— 1000 Sec = 4 encoder counts
0 steps
~ FOL « VP max TF 100 % + 4000 —5gc— 1 )
FAC= —Dpacec  * T000 - 7000 Steps *  Tooo Sec = 0.1 percent

By calculating the area under the secondary axis profile curve, you can determine that the
secondary motor has moved 2000 motor steps. If the secondary axis is accelerating to the
same speed as the primary axis, it will always travel half of the primary axis’ distance. The
secondary axis will be physically aligned with this point when it reaches a 1:1 speed ratio.
The figure shows two conveyer belts—primary and secondary axes.
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[ Helpful Hint:
This figure shows the

locations of spots on the
axes at different times

during the move profile.

Dsacc Equation

U Helpful Hint:
At the end of Section #1,
the spots will be in the
locations shown in this
figure .

Advance Example

Primary Axis Timet=0

‘ . Velocity =Vp —p» |

8000 16000 24000 32000 40000 48000
Secondary Axis

| . Velocity = 0 |

| | | steps

Advance Example at the Start of Section # 1

Usually, you will use an equation, not a graphic, to determine the distance traveled. The
Dsacc €quation calculates the distance the secondary axis travels for any acceleration, even if

the secondgraxis starts acceleration while it is alrgadoving at agiven ratio to theprimary
axis.

FEN
100+ FAC

FEN

* AFOL - 100- FA

Dsagcc = FORe 5— AFOL2 » FOLj «

FOL = The change in following percentage

AFOl = The initial following percentage

In theDsgcc equation, the change in following percentage is the difference between the final

following percentage that you are accelerating to and the following percentage you are starting
from. If you are starting from rest, the initial following percentage is @ and the change in
following percentage i§OL@or FOL If you are aFOL1@@and want to accelerate to a
following percentage dFOL2@@ the change in following percentage is 100 and the initial
following percentage is 100FACandFENare the values calculated from the equations for
FACandFENusing the Vmax and primary encoder acceleration distance.

The equation has two parts. The first part has the square of the following percentage change
and the second part has a single following percentage change Téretfirst term determines

the distance that the secondary axis travels due to the acceleration ramp portion of the curve.
The second term gives the distance that the secondary axis travels due to its initial velocity. In
this case, the secondary axis starts from rest (the second term contributes zero to the distance
traveled). From the plot of the profile (Section # 1), the initial following percentage is & and
the final percentage is 100, or the same speed as the primary axis. Using the general equation
above, you should get 2000 steps, which is the area under the curve.

o)

Therefore, in Section #1, the primary axis moved 4000 encoder counts and the secondary axis
moved 2000 motor steps. We have determined the valuEg\@andFENbased on the
plots of the primary and secondary axes' profiles and the fact ghak V6 4000 steps/sec.

1002 4
( =— TooToT—+100:0+ = 2000 secondary mtr steps

Dsgee =1+

Advance Example
Primary Axis Time t = 1 second
| . . Velocity =Vp —> |
NN
8000 16000 24000 32000 40000 48000
Secondary Axis
| . Velocity = Vp —> |

Advance Example—End of Section #1

In Section #2, the primary axis is moving ah¥x and the secondary axis is moving at the

same peed because the ratio is 1IHQL1J3@. Section #2 lasts for 2 seconds. Phienary

axis travels 8000 steps during this section. The secondary axis travels 8000 steps too. This
can be determined from the profile plot by calculating the area beneath the curve for the
section. The primary and secondary axes are lined up at the start of Section #2 and they travel
at a 1:1 ratio for the duration of the section. At the end of Section #2, the primary axis has
moved 12000 steps and the secondary axis has moved 10000 steps (thru Sections #1 and #2).
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U Helpful Hint:
This figure shows the
relative location of the

spots at the end of
Section #2
(t =3 seconds).

U Helpful Hint:
This figure shows the
location of the spots
after Section #3.

Dscon Equation

O Helpful Hint:
The secondary axis has
advanced 14000 steps with
respect to the primary
axis. This figure shows
the location of the spots
after Section #4.

112

Advance Example
Primary Axis Time t = 3 seconds
| . . Velocity:Vp_> |
N
8000 16000 24000 32000 40000 48000
Secondary Axis
| . Velocity =V —p- |

Advance Example—End of Section #2

In Section #3, the advance portion of the secondary profile begins. The secondary axis
accelerates from a following percentage of 100% to 200% (a 2:1 ratio). Look at the plot of

the profiles to graphically determine the distance that the primary and secondary axes have
traveled. The primary axis moves 4000 steps and the secondary axis moves 6000 steps. The
secondary axis' distance can also be determined from the equation above.

4 4
100-01  +1100-100- 755707

Dsacc = 1¢ % 100 2. [ 6000 steps
At the end of Section # 3, the primary axis has moved 4000 steps since the beginning of the
advanceportion of theprofile. The secondgraxis has advanced 2000stavith repect to the

primary axis.

Advance Example
Primary Axis Time t = 4 seconds
| 0 § Velociy=Vy —» |
I
8000 16000 24000 32000 40000 48000
Secondary Axis
| . Velocity=Vp — |

Advance Example—End of Section #3

At the start of Section #4, the secondary axis is at a following percentage of 200% and is
moving at 2 « Vp (a 2:1 ratio). Section #4 lasts 3 seconds. The primary axis moves 12000
steps, while the secondary axis moves 24000 steps. The distance the secondary axis traveled
can be determined from the equation below.

200

T~ * 12000 = 24000

FOL
FOR: 155 *D pim =1- g

Dscon =

Since the start of the advance portion, the primary axis has moved a total of 16000 steps and
the secondary axis has moved 30000 steps.

Advance Example
Primary Axis Time t = 7 seconds
| Velocity = Vp —> . . |
TP P Tr o s
8000 16000 24000 32000 40000 48000
Secondary Axis
| Velocity = 2*V, —» ' |

Advance Example—End of Section #4

During Section #5, the secondary axis decelerates to a following percentage of 100% (a 1:1
ratio). After it decelerates, it will have completed the advance portion of the profile. The
primary axis travels 4000 steps in Section #5. The secondary axis travels 6000 steps. When
the secondaraxis accelerates from one followipercentge to another, then decelerates to the
original following percentage (as in this exampldée secondary axis' acceleration

distance will always equal the deceleration distancédowever, the deceleration
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Dsgec EqQuation

U Helpful Hint:

This figure shows the
locations of the axes

after Section #5.

distance can also be calculated from the following equation.

1 FEN
Dsgec =FOR+ ( 7* AFOL2+  toreFac—+FOL*FOL | -

FEN
TOO-FAC )

When decelerating, the initial following percentage is the percentage you are at when you
begin deceleration. In this example, it is 200%. The final following percentage is 100%.
Therefore, the change in following percentage is a negative number (-100%).

Dsgec =1+

1 2 4
( 7+ (-100) * TOoTOT—+-100+200+

4
m—) =-2000 + 8000 = 6000 steps

At the end of Section #5, the advance portion of the move profile is complete. The secondary
axis is moving at a 1:1 speed ratio with the primary axis. The secondary axis has moved
36000 steps and the primary axis has moved 20000 steps during the advance portion. The
secondary axis has advanced 16000 steps with respect to the primary axis.

Advance Example
Primary Axis Time t = 8 seconds
| Velocity =Vp —»- . . |
I
8000 16000 24000 32000 40000 48000
Secondary Axis
| Velocity =V, — . |

Advance Example—End of Section #5

During Section #5, the secongaaixis travels at a 1:1 ratio until the decelerationpéegins.

If the move is preset, it will begin the deceleration ramp as defined By>themmand. It

will be at rest at the exact distance of the preset move. If the move is continuous, it will
decelerate according to thé® value when a Stosj or Kill (K) command is reached. From
within a sequence, use the buffered Stop command. If you want the deceleration ramp to use
the following acceleration value to decelerate, k& Q
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After the secondary axis rests, a Stop command must be used to terminate the move. In the
moveprofiles, the secondgraxis moves at a 1:1 ratio for 8000 moregpstehen decelerates to
zero. During this time, the primary axis also moves 8000 steps. Programming this profile
requires the Following Encoder Distance PokR)(or Following Encoder Absolute Point

(FPA) command.FP is a delay-based on an incremental encoder distdffeA.is a delay-

based on an absolute encoder distance.

FP Delay Examples

Step [

Step [

Step [

Step [

To perform the advance move profile, breakpoints are needed to indicate when the secondary
axis should accelerate to new following percentages. FPrendFPA commands define

these breakpoint. These changes are performed on-the-fly and require the Motion Profiling
mode. The breakpoints are the points at which acceleration or deceleration begin. This
example will show the program using thE command.

Set up the ZXF with the proper encoder interface and enable Following mode.

Command Description
> FSI1 Enables ZXF's Following mode

Set up the velocity following portion of the application. The number of secondary motor
steps per unit of travel is 4000. The number of primary encoder steps per unit of travel is also
4000. Therefore, thEORvalue is 1. Th&OL command will be set up in the sequence for
running the profile.

Command Description
> FOR1 Relates the number of secondary motor steps for a distance to the number of primary

encoder pulses for the same distance

Set up the following acceleration value and enable Following Acceleration mode. The values
are taken from the previous example.

Command Description

> FAC.1 Increases the following percentage to 0.1 for every change in encoder pulses by FEN

> FEN4 Sets the number of encoder pulses required before the following percentage is
incremented by FAC.

> FSF1 Enables the use of following acceleration

The breakpoints in this profile occur at the end of Section #2, and the end of Sectibn #4.
FACand FENare used for deceleration, a breakpoint is also set at the end of Sectidih #6.
your FORcommand differs from this example, the distance command is entered in terms of
your secondary motor. The following sequence performs the desired profile. Each step of the
sequence is explained. Enter the sequence.

Command Description
> XE1 Erases Sequence #1
> XD1 Begins the definition of Sequence #1

D562 The total distance the secondary moves is 56000 steps.

FOL199 The first following percentage to accelerate to is 100%.

MPP Enters Motion Profiling mode so changes can be made on the fly.

G The secondary motion begins.

FP1200D The first breakpoint occurs after the primary axis moves 12000 steps. FP causes
command processing in the sequence to delay until 12000 primary encoder steps have
been counted.

FOL209D After 12000 primary encoder steps the following percentage is changed to 200%. The

secondary axis begins to accelerate at the following acceleration. Distance is known
from previous analysis.

FP160990 Right after the command to begin acceleration to an FOL of 200%, the command
processing is delayed until the primary axis has moved 16000 more pulses (from when
FPis encountered and thus is an incremental encoder distance).

FOL199 After 16000 more primary encoder pulses, the following percentage changes to 100%
and the secondary axis decelerates to a 1:1 ratio.

FP1200D Command processing is delayed 12000 more steps.

FOL@ The secondary axis decelerates to an FOL of 0.

FPABDD It takes 4000 primary encoder steps to decelerate

STOP A Stop command is needed because the ZXF would still think it was in a move and that
the current following ratio was set to zero.

NG Exits the Motion Profiling mode.

XT Ends the definition of Sequence #1
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Step [

Step U

In applications that require velocity and position following, the method of decelerating to a
stop does not matter (moving from a synchronized state to rest). At the end of such a move,
you must reverse direction and return to the starting location to repeat the profile. The
optimal profile is as follows:

[] Accelerate to a known positional relationship
(] Perform the operation required at the synchronized speed
(] when itis complete, decelerate as fast as possible to repeat the cycle

You must decelerate at a rate unrelated to the primary encoder speed. The ZXF allows you to
do this. This will also simplify the programming. The same profile is programmed below
using theAD deceleration value.

Command Description
> XE1 Erases Sequence #1
> XD1 Defines Sequence #1
D560 The total distance the secondary moves is 56000 steps
FOL19@ The first following percentage to accelerate to is 100%
MPP Enters Motion Profiling mode so changes can be made on the fly
G The secondary axis' motion begins
FP1200D Delays processing until primary axis moves 12000 encoder pulses
FOL20@ Change to 200% following percentage
FPA16@DD Delays processing until primary axis moves 16000 encoder pulses
FOL19@ Change ratio back to 100%
NG Exits the profiling mode
XT Ends Sequence #1 definition

In this sequence, only two breakpoints are needed, the breakpoint to accelerate to 200% and
then to decelerate back to 100%. Since the ZXF will decelerate at the vAlDgitinwvill

automatically decelerate to a distance of exactly 56000 secondary motor steps at the appropriate
time.

This step useBPA instead of~P. FPA delays processing until the absolute value of the
following encoder counter exceeds A value.

Command Description
> XE1 Erases Sequence #1
> XD1 Defines Sequence #1
D5600D The total distance the secondary moves is 56000 steps.
PFz Zero the following encoder counter.
FOL199 The first following percentage to accelerate to is 100%.
MPP Enters Motion Profiling mode so changes can be made on the fly.
G The secondary motion begins.
FPA1200D Dellay command processing until primary encoder count exceeds 12000 encoder
pulses.
FOL20@ Change to 200% following percentage.
FP2800D Delay command processing until primary encoder counter exceeds 28000 encoder
pulses or an incremental change of 16000 pulses.
FOL192@ Change ratio back to 100%.
NG Exits the profiling mode.
XT Ends Sequence #1 definition

In StepsD and[], the encoder is counting in the positive direction. If the encoder is
counting in the negative direction, a negative sign is required féfRlemdFPA commands.
UseFP or FPA, depending on your application.

Use FPAwhen repetitive cycles of the same move profile are done without a trigger to start
each cycle By making the delays dependent on an absolute encoder position, there is no
accumulative error. In many cases, a trigger input from a sensor is used to start the move
profile that is repeatedf you use a trigger to start the move each time,f/Rand the

trigger will remove any accumulative erroilhe following sequence illustrates the uses of the
FPAcommand and a variable to perform a repetitive move that does not use a trigger to start
it. This case is more like a cam cycle and the position relationship must be maintained while
the cycle repeats.
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O Helpful Hint:
One cycle consists of
the following events.

Command

Description

> XE1 Erases Sequence #1
> XD1 Defines Sequence #1

VAR1=12003J Sets variable 1 equal to the first breakpoint.

VAR2=28000 Sets variable 2 equal to the second breakpoint

VAR3=0 Sets variable 3 equal to the primary reference point

D56030 Sets distance of secondary axis move to 56000 steps

PFz Zeroes the following encoder counter

L Begins the continuous loop of the profile cycle

FOL192@ The first following percentage to accelerate to is 100%

MPP Enters Motion Profiling mode so changes can be made on-the-fly

FPA(VARS3) Variable 3 synchronizes the move start with the primary axis. For the first
40000 primary steps, the secondary axis is moving, then it moves back during
the next 40000 steps of the primary then it repeats.

G Begins secondary axis motion.

VAR3=VAR3+8003D Sets variable 3 equal to the start of the next cycle

FPA(VAR1) Delays command processing until primary encoder count exceeds 12000 +
56000n encoder pulses, n = # of times through the loop.

FOL20@ Changes following percentage to 200%.

VAR1=VAR1+8333J Sets variable 1 equal to the first breakpoint for the next cycle

FPA(VAR2) Delays command processing until primary encoder count exceeds 28000 +
56000n encoder pulses, n = the # of times through the loop.

FOL199D Changes ratio back to 100%.

VAR2=VAR2+80DDJ
NG

Sets variable 2 equal to the second breakpoint for the next cycle
Exits the profiling mode and complete the 56000 step move

FOL209D Sets the following ratio to a higher speed to move back to the starting point at a
fast speed

H Changes direction

G Moves back to the starting point.

H Changes direction

N Repeats the cycle

XT Ends Sequence #1 definition

In this example, the move profile is repeated.

[l Secondary axis moves 56000 steps while primary axis moves 40000 steps.

[0 The secondary axis retreats to the start and after another 40000 primary encoder steps the cycle

is repeated.

[0 No operation during the secondary axis' retreat.

[0 The retreat is set to a high following ratio to get the secondary axis back to the start before the
primary axis moves 40000 steps.

This cycle is very similar to a cam cycle (described in the next section). You can |é#@l the

command with a variable (likePA). You can check the following encoder counter value any

time by loading it into a variable.

Command Description
> VAR1=FEP Loads variable 1 with the value of the following encoder counter

The advance example explained how an advance move is made and how the different commands
(FOL, FAC andFEN) contribute to the move. This section provides some simple

formulas that you can use to set up such a profile. To do position and velocity following, the
seconday axis must be able to accelerate to a knpasition with repect to theprimary axis.

This is what determines tH6AC andFENfollowing acceleration values. Once you

determine these values, you will use them to calculate the acceleration ratio that you must use
to make the advance move. The following data will help you understand the move profile in

the example.

Calculating
FOL, FP, or FPA
For An Advance
or Recede
Application

0 FAC Following speed percentage increment
0 FEN Change in primary encoder pulses to cause an increm&mt@f
*  Dprim: The distance the primary axis will travel during the advance portion of the
secondary move profile. This is 20000 primary encoder steps in the example above.

* Dgeg The distance the secondary must advance with respect to the moving primary,

measured in primary encoder steps. In the example above this is 16000 primary encoder
steps.

* FOL: The initial following percentage that you will accelerate from to the new following
percentage.

In applications that require an advance move, you will usually know the distance that you
want to advance with respect to the primary axis and the distance the primary axis will move
during the advance. The distance that you want the secondary axis to advance with respect to
the primary axis is given in terms of primary encoder steps. The distance can be converted
from secondar motor st@s toprimary motor st@s (and vice versa) with tHeEORcommand.

After determinimy the parameters listed abowsu can use the followinformula to determine

the following percentage you must accelerate to.
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First, determine a following acceleration constéti (o simplify the equations.
Following Constant FEN

Equation T 100« FAC
The constank is used in the following equation to determiF@L

FOL Equation . .
rim rim C
FOL= FOL, + Z—EB.T- \/ 00« K i gsﬁ_g

With an advance move, the valuer@ily will always be 100. Apply the formula to the
example above (the following percentage should be 200%). This is the following percentage
that you must attain to advance 16000 steps with respect to the primary axis, while the
primary axis moves 20000 steps.

Dprim = 20000 primary encoder steps

Dgec = 16000 primary encoder steps

FAC=10.1

FEN=4

FOL = 100

We will first determine the following acceleration constant K.

_ 4 _
K= o001 - 04

We will now determind=OL

FOLis the same asOLy in the equations used earlier for determining the distances
traveled by the primary and secondary axes.

_ 20000 20000 2 16000 o
FOL=100+  300.04 - (00-04 O o4 O
=100 + 250 - ‘\/( 25() 2.40000 = 350 - ‘\/22500 =350 - 150 = 200 =
FOLF

The following percentage that must be accelerated to is 2008 calculate what the
breakpoint is for decelerating back to a 1:1 ratio or 100%. FFhevalue will be determined
from the following equation:

. FEN 4
Following FP=D prim - FAC*® (FOLF- FOL) =20000- g~ (200 - 100) = 16000
Breakpoint steps
Equation

The value you would use féiP is 16000. The breakpoint at which you begin the advance
portion of the move profile was not calculated. This value varies from application to
application and you may want to use a trigger to begin the advance move rathe®.tham
example of using a trigger to begin an advance move is described below.

Step ] Configure an input as a trigger input with tiNe command.
Command Description
> IN1A Configures input #1 as a trigger input
> IN2D Configures input #2 as a stop input
> XD1 Defines Sequence #1
MC We will make this a continuous move
FOL19@ The first following percentage to accelerate to is 100%
MPP Enters Profiling mode so changes can be made on-the-fly
G Initiates motion
TR1 Command processing pauses until input #1 (trigger input) is activated. The

secondary axis will move continuously at a speed percentage of 100% (with respect
to the primary axis)

FOL2@d The following percentage is changed to 200%. Acceleration begins.
FP160099D Command processing will delay 16000 primary encoder steps.
FOL129 The following percentage is changed to 100%. Deceleration begins.
NG Ends the Profiling mode.

XT End Sequence #1 definition

In this sequence, the secondary axis begins moving at a 100% speed percentage. When trigger
input #1 is activated, the secondary axis will advance 16000 steps with respect to the primary
axis. It will then decelerate to a 100% or 1:1 ratio and continue until the stop input (input
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#2), is activated (or a Stof][command is issued).

Recede vs. Advance

Recede moves are similar to advance moves. In the illustration of the spots for the advance
example, the secondary axis synchronized with the first primary axis, then receded while the
primary axis moved. This motion can be analyzed in the same manner as the advance move
with the exception that a different equation is used to determine the required vé&@afor

Again, you will have toprovide the distance that tipemary axis will move durig the recede
move and the distance with respect to the primary axis that the secondary axis must recede
(measured in terms of primary encoder steps). For example:

O A primary encoder has a resolution of 4000 steps/rev (1 rev = 1 inch)
0 The secondary motor has 25000 steps/rev (1 rev = 1 inch)
O TheFORcommand is set to 6.25.

You will usually know what distance you want the secondary axis to recede. If the secondary
is to recede 1.5 inches with respect to the primary axis while the primary axis moves 3.5
inches, set kyjm and Qyecequal to:

N N steps .
Dprim = 3.5" = 3.5" » 4000 e = 14000 primary steps
Dggc =1.5"=1.5"+25000 _sitn%p')qs_ = 37500 secondary mtr steps = TS?S&)G = 6000 primary enc

steps

Both distances are provided in primary encoder steps. The two terms are used to determine the
requiredFOL in the following Equation.

FOL=FOL | - WDprfm + ’\/( MR-}Dprjm 2. —R—Dsec
Where K is the following acceleration constant.

_ FEN
K= Too-FAC

FOL Equation

To calculate thé-OL value, determine a value fBACandFEN This will depend on your
application's maximum velocity and either the maximum acceleration for the secondary axis or
the distance the primary axis travels while the secondary axis must accelerate. Use the same
FACandFENvalues from the advance example.

FAC=10.1
FEN= 4
In an advance or recede application, the initial following percem@je will always be
100.
O Helpful Hint: K= gyegr— =04
The value for FOL
produced by the FOL

- PU- 2
equation is: FOL=100- m% + '\/ ( ml“mo%) - %% =100- 175+ ‘\/(175) 2.15000 =50%
The value needed f&P can be determined from the following equation.

i FEN 4 .
FP Equation FP=D pim + FAC® ( FOLE - FOL|) = 14000 + o1 ° (50 - 100) = 12000 primary enc. steps
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Cam Following

Primary Axis
Vp
} } } } } } i
5 t (sec) 10
Secondary Axis
Vp
1/2 Vp
} t t t t } i
é t (sec) b

Recede While Following Profile

The sequence that will execute this profile is provided below:

Command

> FAC@.1

> FEN4

> FSF1

> FOR6.25

> XD1
MN
D175@0@
FOL129@
MPP
G
FP12000

FOL59
FP12000
FOL199
NG

XT

Description

Sets the percentage increment to 0.1

Sets the number of encoder counts for an increment to 4

Enables following acceleration

Sets the secondary motor steps per unit distance to primary encoder
steps per unit distance ratio

Defines Sequence #1

Normal mode

Sets distance to 175000 steps

The first following percentage to accelerate to is 100%

Enters Motion Profiling mode so changes can be made on-the-fly
Initiates motion

The command processing will pause here until the primary encoder has
moved 12000 steps. The secondary will then decelerate to 50%
Changes following percentage to 50%—the recede portion begins
Command processing will delay 12000 primary encoder steps.

The following percentage is changed to 100%—deceleration begins
Ends the Motion Profiling mode

End sequence definition

A common application that requires velocity and position following is the simulation of a
cam or an electronic cam. To simulate the motion produced by a cam, you must satisfy the

following requirements:

O Follow both the position and the velocity of a primary encoder.
O You must also be able to change following ratios during motion and still maintain a positional

relationship.

O Change ratios based on primary encoder distance.
O Must be able to keep track of the primary encoder position even if the secondary axis is not

moving.

O Must be able to continuously repeat a cam cycle without developing accumulative error.

You can simulate a cam profile electronically using the commands and equations developed
earlier. Motion Profiling modeMPB is required for cam following. For more information

on Motion Profiling mode, refer tGhapter] Application Design
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Primary Axis

8 16 24 32

Secondary Axis
1.5Vm

0.5Vm

IIII;II|IIIIIII| IIIIIIIIIIIIII
t (sec)

Cam Following

In this example, the encoder is a 4000 pulse per revolution encoder and it is mounted on the
primary axis. Theecondary axisvill perform an electronic cam cycle, which consists of the
following steps:

] Sitting at rest for one primary encoder revolution, then executing a step profile of 3 following
percentages from 50% to 100%, then to 150%, and back to 0%.

L) 1t will then delay 1 primary encoder revolution and perform the same profile in the opposite
direction.

L This cycle is to be repeated until a stop is issued. The secondary axis will accelerate at its
maximum rate when the primary axis is at its maximum velocity. The table below defines the
cam cycle for this profile.

Primary Position Secondary Position
Absolute  Incremental  Absolute Incremental .
Segment Following %
—»™ 0 0 0 0 -
- — 0%
— > 4000 0 0 0 <
(- — 50%
— > 16000 12000 5500 5500 <=-—
[ -~ 100%
> 28000 12000 17000 11500 <-—
O — 150%
D » 38000 10000 31500 14500 <—
a — 0
Diff> 50000 12000 44000 12500 <— 100%
L - 50%
D* 62000 12000 50500 6500 <-—
— 09
> 68000 6000 51000 500 <« 0%
Cam Cycle

The following percentage is given for each segment. Each of the distance points is a
breakpoint where the following percentage changes. Use the following acceleration to change
from one following percentage to the next. The data needed to program this type of profile is
listed below.

Vpmax: Maximum velocity of the primary axis

Asmax: Maximum acceleration of the secondary axis

FOR Relative resolutions per unit of distance for the primary and secondary axes
FAC. Following acceleration value, percentage increments

FEN Following acceleration value, encoder counts for an increment
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FOL ACCEL
Equation

FOL DECEL
Equation

For each ratio segment, you must know the distance the primary axis will travel and the
correponding distance the secongaaxis will travel. The bregloints can be determined from
the graph. Usually, you will not be able to graphically describe the motion relationship, and
will simply know that you want the primary axis to movsteps and the secondary axis to
movey steps in the same time frame.

After you determind-AC andFEN from your maximum acceleration and maximum velpcit

or from the distancgou want the secondaaxis to accelerate over and the maximum velocit
you can us&ACandFENand the primary and secondary axes' travel distances to determine
the following percentages and the values for the breakpoints to change to new following
percentages. When accelerating to a higher following percentage, you canf®é the
ACCELEquation to determine theqeired FOL percentge thatyou must accelerate to ugin

the FACandFEN values you have determined.

Dorim |—|Dprim |—2+ 2+« FOb *D pim 2eD g
100-K Hoo.k O 100K ~ FOR-K

FOL= FOL +

Where K is the following acceleration constant determine&A¢ andFEN

FEN
100« FAC

If you are decelerating to a lower following percentage, us€@ie DECEL Equation to
determine the following percentage you must use to move the secondary axis the specified
number of steps for the corresponding motor steps.

_ Dprim Dprim 2« FOy <D prim 2eD g
FoL= FoL + oo+ \Hook B — —o+K * FoRK

In both the accelerating and decelerating equations, the terms listed below for the primary
encoder steps and the secondary motor steps are required.

K=

Dprim = The number of primary encoder steps that the motor will move in the segment.

Dgec= The number of corresponding secondary motor steps that the secondary will move
during which time the primary encoder will move, Q.

To illustrate the programming of the profile above, we will assign values to the application's
requirements. The maximum velocity, acceleration anét@Rvalue are to be determined by
the application. ThEACandFENvalues are calculated. The maximum velocity and
acceleration are given below. The example below has the following parameters:

Primary encoder resolution = 4000 steps/revolution
Secondary motor resolution = 25000 steps/revolution
1 encoder rev = 1 motor rev

FOR6.25

VPmax = 4000 steps/second

O OooooOoag

Asmax = 1 rev/second
ad Encoder sample period TF=1 ms

From the equations in the Velocity and Position following sedtia@ andFEN are
determined:

TF
FEN=V max * W
FOLe. Vp
FAC= . max  _TF

Chapter [ ZXF Follower 121



Segment [J

Segment [

Since we are starting with Wgaxand Asnax we must determine £2for the equations
above.

2
D _ meax2 ¢« FORe FOL B ( 4000 stse%’ «6.25+ 100
Pace = AS e 100 = p—
SeCz

= 4000 primary encdr
steps

VPmax iS in primary enc. steps/sec

Asmax iS in secondary motor steps/3ec

The FORterm converts the acceleration unitgptomary encoder sfgs units. FACandFEN
can now be calculated.

_ steps ims _
FEN= 4000 Sec 1000 - 4 steps
1004000 BS
FAC= sec_ 1ms —o01
4000 steps 1000 ’

You can now use these equations to determinE@ievalue for each segment of primary
encoder distance and secondary motor distance F@healues are already given in the
previous table, but it may be necessary to determineE@haequired for some of the
segments. EvaluateOL for Segments #4 and #6. Typically, you will know the distance
you want theprimary axis to move and the corgeding distance thagou want the secondar
axis to move. With this data, you can create a table like the one shown. You will have to
enter the=OL values for the table from the equations given in this chapter.

Dprim = 10000 primary encoder steps
Dsec = 90625 secondary motor steps

Using the acceleration equation, we can calculate the vald&Xbin Segment #4.

. 4 _
The acceleration constait= 10001 =04
_ 10000 2100+ 10000 10000 290625
FOL=100+ " 165+04 - \/ 100+04 * Hweoa B 5504
=100 + 250 - V50000 + (250)  2-72500 =150%

The breakpoint is given automatically by the table and is 10000 for FP and is 38000n for
FPAwhere n is the number of cycles completed thus far.

Dprim = 12000 primary encoder steps
Dgec = 40625 secondary motor steps

Using the deceleration equation, we can calculate the valdeC(fhin Segment #6.

FOL= 100 - 12000 12000 g 212000 » 100 2« 40625

100-04 T [100-04 100-04 * 625.04

=100-300+  V(300) 2-60000+32500 = 50%

The breakpoints foFP andFPA are 12000 and 6200Gsteps respectively. In many cases
involving a cam cycle, a trigger is not used to start each cycle and the repetition of the cycle is
based on the primary encoder. In these situations, uségPtheommand (it is based on the
following encoder's absolute count). The absolute count comes from a hardware counter that
can be accessed by assigning it to a variable:

> VAR1 = FEP FEP is the value in the hardware counter, it is a read only value

The following sequence will perform the cam profile. The secondary axis will be putin a
continuous move. Two parts occur in a cycle. The first part moves the stepped profile in one
direction. The second part reverses direction and returns to the start to repeat the cycle.
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Command Description
> FOR6.25 Sets the secondary motor steps to primary encoder steps ratio
> FACO0.1 Sets the change in following percentage for following acceleration
> FEN4 Sets the number of encoder pulses required to change by FAC
> FSF1 Enables following acceleration
> FSI1 Enables following
> SSH1 Saves buffer on stop
> VAR1=6403J Variable for the incrementing the cycle
> VAR2=4000 Breakpoint 1
> VAR3=1600J Breakpoint 2
> VAR4=2803J Breakpoint 3
> VAR5=3800J Breakpoint 4
> VAR6=50000 Breakpoint 5
> VAR7=62000 Breakpoint 6
> VAR8=6400J Breakpoint 7
> 1XE1 Erases Sequence #1
> 1XD1 Defines Sequence #1
MC Enables continuous mode
FOLQ Sets the current following percentage to 0%
L Begins the loop cycle
MPP Enters the Motion Profiling Mode
G Initiates motion
FPA(VAR2) Pauses execution until absolute primary encoder counter value exceeds breakpoint
1
FOL59 Following % is changed to 50% or 1/2 as fast as the primary motor
VAR2=VAR2+VAR1 Set variable 2 to the breakpoint value for the next cycle
FPA(VARS3) Pauses execution until primary encoder counter absolute value exceeds breakpoint
2
FOL199 Speed ratio is changed to 1:1
VAR3=VAR3+VAR1 Set variable 3 to the breakpoint value for the next cycle
FPA(VAR4) Pauses execution until primary encoder counter absolute value exceeds breakpoint
3
FOL15@ Speed ratio is changed to 1.5:1
VAR4=VAR4+VAR1 Set variable 4 to the breakpoint value for the next cycle
FPA(VARS) Pauses execution until absolute value of the primary encoder counter exceeds
breakpoint 4
FOL192@ Speed ratio is changed to 1:1
VAR5=VAR5+VAR1 Set variable 5 to the breakpoint value for the next cycle
FPA(VAR®G) Pauses execution until absolute value of the primary encoder counter exceeds
breakpoint 5
FOL5@ Speed ratio is changed to 5:1
VAR6=VAR6+VAR1 Set variable 6 to the breakpoint value for the next cycle
FPA(VARTY) Pauses execution until absolute value of the primary encoder counter exceeds
breakpoint 6
FOLQ Speed ratio is changed to O
VAR7=VAR7+VAR1 Set variable 7 to the breakpoint value for the next cycle
FPA(VARS) Pauses execution the absolute value of the primary encoder counter exceeds
breakpoint 7
STOP Ends the move (this is required)
NG Ends Motion Profiling mode
VAR8=VAR8+VAR1 Set variable 8 to the breakpoint value for the next cycle
H change the direction
N Ends the loop cycle
XT Ends Sequence #1 definition

This sequence is an example of a complex following profile. Position and velocity are

synchronized and the positional relationship is maintained.

Synchronization

The ZXF can synchronize its speed and phase with respect to a primary axis. In many
applications, it is necessary to have the position and speed of a secondary axis synchronized
with the speed and position of the primary axis with registration marks on the secondary axis
parts or material. These marks must be evenly spaced so that at a constant speed (with respect
to the primary axis) the number of primary axis encoder steps recorded between registration
marks is an expected constant number. If these marks should come further apart (e.g., the
material stretches) the ZXF will adjust the speed ratio to correct for the error between the
registration marks. The synchronization figures illustrate this process.

In the figure below, a secondary axis has parts that are to be synchronized to the primary axis'
parts. The registration sensor detects the location of the parts with respect to the primary axis.
This sensor goes to the ZXF. It indicates the start of the part.

Chapter [ ZXF Follower 123



[ Helpful Hint:

The ZXF then counts the
encoder pulses from the
primary axis that occur
between registration marks.

[] Helpful Hint;

The figure below depicts the
result of not using
Synchronization mode.
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Secondary Axis
,©,0,0,0,0,
4000 Direction of Motion —» ﬁ \
Pulses
Registration
I:IEncoder Mark Sensor ©
| 0 | 0 1 0 1 0 1 0 1

Direction of Motion ——

Secondary Parts Synchronized With the Primary Axis

If the material on the secondary axis stretches, as indicated in the figure below, all parts after
the stretched material will no longer be synchronized with the primary axis' parts.

Material Stretches
Secondary Axis

L0, 0,0,ODO,0,]

Direction of Motion ——»

N

4000 Direction of Motion ——» A
Pulses f . . O
arts are Not Synchronized Registration
and Out of Phase Mark Sensor
|:| Encoder /
| 1 . | | . [ | . | | . 1 . 1 |

-

Material Stretches—Parts Out of Sync

With the ZXF's Synchronization mode, the secondary axis accelerates to re-synchronize with
the primary axis. It removes the phase shift between the two axes. The ZXF detects that the
number of pulses between the registration marks has increased (due to stretching). The speed
ratio is increased, so the secondary axis speeds up. The material after the stretched portion is
good material, so thpulses between the next twaigtration marks will be ghhtly less than

4000 because the speed ratio is now higher. The speed will now be reduced. The secondary
andprimary axes will be gnchronized gain. Evey time a rgistration mark is encountered, a

new actual count is latched and tipeexd ratio is gdisted to gnchronize the axis. Corrections

will continue until the secondary axis again has
registration marks.

the expected number of pulses between

Material Stretches
Secondary Axis

lDIOIQIC)IOI

4000 Direction of Motion ——» ﬁ
Pulses Material is ) !
Synchronized Registration
Mark Sensor
Encoder
1 0, 0,0 0,

Direction of Motion ——»

ZXF Synchronizes Parts (After Stretching)

You can determine and program the amount of correction that is applied to the speed ratio
between each registration mark to fit your application. Use the following commands to

program a synchronization application.

Command Description
> FC Expected encoder
> FBS
at
> FIN
> FSL
> FSK
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Ul Helpful Hint:
The following steps
show how to program
the sample registration
application.

> INnl Defines an input as the Registration mark synchronization
input

> TF Sets the sample rate of the encoder input

> FOR Motor to encoder count ratio

> FOL Primary to Secondary Speed ratio

> FSI Enables following mode

The FOL andFORcommands determine the number of secondary motor steps that will be
commanded for the encoder pulses that are receivedF-B®iandFIN commands determine

the amount of correction that will be applied to B@L andFORmotor to encoder ratio.

FCis the number of encoder pulses that are expected between the registration marks if the
speeds are synchronized properly. This hnumber is compared to the actual number of pulses
that are counted between each registration mark. The difference between these two values
represents the error. TRéN andFBS numbers are applied to this error to determine the
new speed ratio.

TheINnl command con§jures an iput to the ZXF for acqating the sgnal from the sensor

that detects the registration marks on the parts or materialTHbemmand is the rate at

which the encoder interface is sampled. FB8& command enables the Synchronization

mode. When Synchronization mode is enabled the first time, the Synchronization input is
toggled, the encoder counter is started. The next time it is toggled, the count is latched and
the counter is reset to zero. The latched count is the actual number of encoder pulses counted
between registration inputs. This is compared to the expected Fa&lueThe difference is
multiplied by the correction factor{IN andFBS) to determine thepeed ratio to run at until

the synchronization input is toggled again. This process is continuous as long as the
synchronization modd-GL) is enabled.

If you do not know the expected encoder count between registration marks, use the Self Learn
mode FSK) to determine the expected couRC]. To determine the expected count using

Self Learn modeyou must start thprocess at thepeed ratio thayou want to run at, turn on

Self Learn mode. The ZXF will count the pulses between the registration marks. When the
secondary axis stops, the last recorded number will be placed in the expecte8C€punt (
number. This will be used when you are in Synchronization mode.

As an example, the process in the previous figures use an encoder that has 4000 pulses per
revolution and the secondary motor has 25000 steps per revolutior=ORmmmand is

set to 6.25. The motor is mounted on the secondary conveyer belt so that one revolution is 4
inches. The encoder is mounted on the primary axis so that one encoder revolution is 4
inches. Thd=-OL command must be set to 100%QL 1@ for the secondgraxis to move

at the same speed as the primary axis. If the primary axis moves at 1 rps, the secondary axis
must move at 1 rps. In the first synchronization figure, the two axes start moving at the
same speed. The registration marks are 4 inches apart on the secondary axis. Use the Self
Learn mode to determine how many encoder pulses are between the registration marks on the
material on the secondary axis.

[0 Set up the Self-Learn mode.

Command Description

> FOR6.25 Set the motor to encoder ratio to 6.25

> FOL1Q@@ Set the motor to encoder ratio speed percentage to 100%
> FSI1 Enable the Following mode

> FSK1 Enable the Self Learn mode

> TF1 Set the encoder sample rate to 1 ms

> A500 Set the acceleration of 500 rps2

> AD50@ Set the deceleration of 500 rps2

> MC Place the ZXF in the continuous mode

> IN1I Defines input number 1 as a synchronization input

[0 The registration sensor should be wired to the synchronization input. The primary and

secondary axes should now be started. After the ZXF has passed more than 3 registration
marks, it can be stopped. The number of encoder pulses between registration marks can be
checked with thé&=C command. In this example, the number that is determined is 4000 counts.

Command Response
> 1FC *4000

If you know the number of encoder pulses you expect to record between registration marks, this
number can be entered directly for 8 command and will override the number determined in
the self learn mode.

Command Description
> 1FCAZDD Manually entering the expected count
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Correction
Equation

Speed Ratio
Equation

Motor Step
Correction
Equation

[0 The ZXF now has the number of counts expected between registration marks. The next step is
to determine the correction gain desired. The correction will be applied to the difference
between the expected count that was just determined and the actual counts that will be counted
during actual operation.

(Actual encoder count - Expected encoder count) ¢ FIN

FBS

This motor-to-encoder step ratio is determined by the following equation.
New Speed Ratio £#OR ¢ FOL + Correction

Correction =

To determine the number of motor steps that will be commanded for the number of encoder
pulses received, use the following equation.

Motor Steps = Encoder Steps FQRe FOL + Correction)

You must determine the amount of correction you want to have for a given amount of error.
Once this has been determined, you can entdfltdeandFORcommands.

Command Description

> 1FIN3.12 The following increment is 3.12

> 1FBS199 The following base number is 100
[1 Disable Self Learn mode and enable Synchronization mode.
Command Description

> 1FSK@ Disable Self Learn mode

> 1FSL1 Enable Synchronization mode

[l Orient the primary and secondary axes to attain the desired phase relationship. Start both axes
at once, or start the ZXF first and then the primary axis.

The ZXF will correct any errors in the phase relationship between the two axes and maintain a
synchronized speed. The new speed ratio will be applied for the entire period between
registration marks. The time between the registration marks is effectively the sample period.
A correction is made for each sample period.

Another method for synchronization is to use the inputs to the ZXF for increasing and
decreasing the following speed ratio. The ZXF inputs can be defined to increase or decrease the
following ratio. By setting one input for increasing the following ratio and one input for
decreasing the following ratio, synchronization can be achieved. In this case, use an external
circuit to determine whether the secondary axis should accelerate (increase ratio) or decelerate
(decrease ratio) the secondary axis.

Define the input with théN command.INnX defines the input for increasing following ratio,
INnY defines the input for decreasing the following ratio. The following ratio will be
increased/decreased while the input is active. During the ZXF's sample periods, the ratio will
increase or decrease while the inputs are active. The inputs have a 2 ms debounce time. If the
input is active for 4 ms, the following ratio will be increased/decreased twice. The amount that
the following ratio is increased/decreased is determined bFltiecommand. IfFIN is 1,

FOL is increased/decreased by 1 during each sample period.

Other Following Features

This section discusses following features that the ZXF provides for special following
requirements.

Registration in Following Mode

0 Helpful Hint:
Registration can only be
performed if Following
Synchronized
Acceleration mode is
disabled (FSFQ. For
this example, re-attach
the encoder to the
primary axis.

With the ZXF, registration can be performed in Following mode. It is like programming
registration in the indexer versidmjt the velocity term is replaced BYL for the desired
speed The graph below illustrates registration in the Following mode.

Registration in Following

Velocity Primary
Time

1

Secondary:

1
X . Time

Registration Input

Registration in Following Mode

[l Repeat steps] - [ of the Velocity Following Example.

126 ZX/ZXF Indexer/Drive/Follower User Guide



[l Set up input #7 as a registration input

Command Description
> IN7Q Defines input #7 as a registration input

[0 Define registration move #1 as follows:

> REG1,A19,AD19,FOL203,D25030
[0 Begin motion on the primary axis, then begin motion with the ZXF.

Command Description
> MC Change to continuous mode
> G Initiate motion
0 Toggle input #7. The motor will begin following at a speed ratio of 2:1 for 25,000 motor
steps.

Jogging in Following Mode

In some applications, you may want to move the motor manually while in Following mode.
This allows you to follow the primary axis at a following ratio by toggling a switch. You
can configure the ZXF to allow you to follow the primary motor manually withithe
command. Jgging in Following mode does not geire theJHV or JVL commands. In this
case, you will jog at theOL command's speed ratio. To use the inputs, you can either
configure the input as a CW or CCW jog as with the preset indexer jog. However, you
cannot use the high-speed/low-speed jog input because you can only jog@t'thepeed

ratio.

Therefore, you use the two jog input functions: CW Jog inhi#J ) and CCW Jog Input
(IN#K). You must also enable thegging feature with theOSElcommand. Oncgou set

these parameters, you can attach a switch to the jog inputs (predefined) and jog the motor(s).
The# character represents digits 1 - 13, which you enter. You must have the ZXF in
Following mode to jog at a speed ratio of the primary. The following example shows you
how to define power-up sequence #100 to jog.

[l Define a power-up sequence. Position Tracking mode must be diseBledj(to enable
direction jogging.

Command Description
> XE10Q Erases sequence #100
> XD12g Defines sequence #100
> LD3 Disables the limits(not needed if you have limit switches installed)
> JA25 Sets Jog Acceleration to 25 rps2
> JAD25 Sets Jog Deceleration to 25 rps2
> OSE1l Enables Jog function
> JVL.5 Sets low-speed jog velocity to 0.5 rps
> JVH5 Sets high-speed jog velocity to 5 rps
> IN1J Sets IN 1 as a CW jog input
> IN2K Sets IN 2 as a CCW jog input
> FOR6.25 Sets the motor to encoder steps
> FOL75 Secondary moves at 75% of the primary speed
> FSI1 Enables the following mode
> XT Ends Sequence Definition
[l Reset the ZXF. Move the primary or primary axis.
Command Description
> Z Resets the ZXF

[l TurnonIN 1 to move the motor CW at 75% of primary axis' speed (UNtil is turned off).
[0 Turn onIN 2 to move the motor CCW at 75% of primary axis' speed (UMti2 is turned off).

Changing Following Ratio Via Front Panel Pushbuttons

The ZX has a four-character, dot-matrixptelnumeric diglay. You can modif the followirg
ratio with the pushbuttons.
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ZX Indexer/Drive Display and Pushbuttons

Pushbutton You can change the following ratio under M&C menu. Only one panel is shown on the
Operation display at a time.

Default Panel ——» OK

TUNE
Push the up (0) and down ( ) #
pushbuttons to scroll through
the display. DISP
CMTR

Select this menu to
change following ratioc  —» | MISC|

1\

Main Menu Panel (Overview)

OKis the default message. PressBi@WNpushbutton to access tMdSC menu. The
table below shows the main menus and sub-menus. SelégDttieoption under the

MISC menu.

O K TUNE DISP CMTR MISC

Home Panel PPnn DVEL 605 SAVE
Plnn DERR 606 RFS
PDnn DCA 610 BR mm
TGnn 620 ADpp
VPnn 630 FOLL
Vinn 640 SEQU
VFnn FMCA REV#

JOG

Main Menu Panel

To change the following ratio on the fly, pr&SSTERwhenFOLL is displayed. The four
least significant digits of theOL command will be displayed. The least significant digit is
the following ratio in tenths (it should be blinking). This indicates that changes to the
following ratio will be in 1/10 increments. To select a higher magnitude of ratio change,
pressUP or DOWNmoving the cursor left or right respectively). Any changes to the
following ratio will be at the new digit's magnitude.

100s 10s 1s 0.1s FOL weighting
a b c d Blinking digit location
To change the ratio at the blinking digits magnitude, simultaneously PNEERwith UP
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or DOWNPressUPand DOWNimultaneously to return to the Main menu

Following a Step and/or Direction Signal

The ZXF can follow a step (or pulse) and a direction signal rather than quadrature encoder
pulses. The same incremental encoder interfaces used for quadrature following are used for the
step and direction following. Thehase A+ andPhase A- inputs are now the

Step+ andStep- inputs. ThePhase B+ andPhase B- inputs are now the
Direction+ andDirection- inputs. The on} other rguirement is toput the ZXF

in the pulse and direction mode. This is accomplished witk&command. By typing

FSN1 the pulse and direction gability is enabled and thehase A andPhase B inputs

are now step and direction inputs. Once the pulse and direction capability is added, any
following applications are performed exactly as if the input were quadrature signals. If your
application requires pulse and direction, enable the Pulse and Direction mode and repeat the
procedures in this following section.

Following Equation and Command Summary

This section provides a reference for the following equations and the ZXF software commands
that are associated with following.

Following Command Summary

For more information on these commands, refer t&ZKeSoftware Reference Guide
Set-up commands are required for any following application.

FSA

FSF

FSI

FSJ

FSK

FSL

FSN

FSP

FOR

FOL

FAC

FEN

FP

FPA

FIN

FBS

FC

TF

VARN=FEP

PF

PFZ

SSP

INnX

INnY

INnI

Followed by a 1—enables instant acceleration between commanded velocities for each resulting velocity change after sampling the
encoder and determining the ratio.

Followed by a 1—enables the use of following acceleration as determined by FACand FEN
Followed by a 1—enables following mode versus indexer mode.
Followed by a 1—enables the encoder port labeled ABS/INC ENCODER for following.
Followed by a 1—enables the calculation of FCfor Synchronization mode.
Followed by a 1—enables Synchronization mode.
Followed by a 1—enables a step/direction signal to be followed or just a pulse train if direction is not used in conjunction with FSP.
Followed by a 1—enables position tracking.
The number of secondary motor pulses per unit of travel divided by the primary encoder pulses per the same unit of travel.
The % of the primary encoder speed that the secondary axis moves at.
The change in following % for each change in encoder pulse count of FENduring following acceleration.
The number of encoder pulses that the encoder count must change by to increment the following percentage by FAC.
In Motion Profiling (MPP) mode, command execution is paused for the number of following encoder steps set by the FP command.
In Motion Profiling (MPP) mode, the execution of commands pauses until the value in the encoder counter exceeds the FPA value.
The amount by which the following % changes when changed by inputs or by the pushbuttons.
In synchronization, used with FIN to determine the amount of following percentage correction.
In synchronization, the expected number of encoder counts between registration marks.
The following encoder sample period.
FERSs a read only variable of the actual encoder count. Set it equal to the variable to get the current value of the encoder counter.
Gives you a report back of the encoder count.
Clears the encoder counter.
Followed by a 1—enables you to modify the following percentage by the front panel pushbuttons.
An input function that lets you increase the following percentage by FIN .
An input function that lets you to decrease the following percentage by FIN .
An input function used for the registration mark sensor of the synchronization mode.
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The commands are categorized according to the applications the support.

Velocity Following Velocity and Position Followin§pecial Function
FOR FOR FSF FSN
FOL FOL FEN SSP
FSI FSI FAC FSM
FSJ FSJ FSA PF
TF TF FSP PFZ
Advance and Recede Synchronization
FOR FSF FOR FSF FBS
FOL FAC FOL FAC FsSK
FSI FEN FSI FEN FSL
FSJ FP FSJ FC INNI
TF FPA TF FIN  INnX
INNY

Following Equation Summary

The following equations were discussed throughout this chapter. They are provided again here
for reference and convenience

Velocity . FOL
Following Secondary Motor steps = Primary encoder counfFORe 100
Velocity and Given Vinax and Dycc:
Position _ TF _Primary encoder counts
Following FEN = Vmax* T000 V max = second
TF = Primary Encoder Sample Period in ms
B FOL*V max TF _ Primary encoder counts
FAC = Dacc * 71000 Vmax = second
TF = Primary Encoder Sample Period in units of ms
FOL = Following percentage in units of percent
Dacc = Distance primary axis moves during secondary axis acceleration
in units of primary encoder counts
Gi \Y dA Det ine D fi D = M FOR FoL
ven max an max etermine acc Trom acc = AmaX 100

The acceleration is in units of secondary motor stepd/s@the maximum velocity of the primary is
in primary motor steps/sec.

The figure below illustrates the motion profiles of a secondary and the primary. The different
parameters are shown on the profiles and the equations to determine the parameters are given
below. ADis used for the deceleration.

Primary Axis
Vprim
t
Secondary Axis
FOL
—_ *\/pri Ds
100 prim acc AD

Velocity and Position Following With AD Decel

FEN FEN
= o L] 2 L] e — L] L]
DSacc FOR 5— AFOL2 + oo—=—rz+ AFOLe FOU * To5+ Fa

AFOL = The change in following percentage
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FOL = The initial following percentage

The equations above can be simplified by defining a following acceleration constant
determined byFAC andFEN

_ __FEN
K= 100+ FAC

The equations can now be written as:
1
Dsec = FOR-K+ ( 5+ AFOLZ+ AFOL+FOL )
1
Dsec (Deceleration) =- FOR:K+ ( 7+ AFOLZ+ AFOL-FOL )

Use the equations/parameters in the following graph to make a trapezoidal move.

U Helpful Hint:
Deceleration is done
according to the FAC Vprim
and FENcommands.

Primary Axis

t

Secondary Axis FAC and FEN

D Sdec
t

Velocity and Position Following With Following Decel
Dorim =DP acc *DP con *Dp dec

Dsec =Ds acc +Ds con +Ds dec

FOL
— 1
100 Vprim

Dsacc

- - F 2 4+ F F
DSaCC = FORe K ¢ ( 2 ¢ AFOL AFOL OL|)

- - F 2 4+ F F
DSdeC =- FORe K ¢ ( 7° AFOL: AFOL OL|)

FEN
Dpacc = AFOL: FAC

FOL
Dscon =Dp con * FORe 7T3p

D . .

prim Dprim sec

FOL= 700+-K - \/%o_éo KO- HK

Kis the following acceleration constaBprim andDsec  are the distances that the

primary axis and secondary axes will move, respectivelyl] is the initial following
percentage. In the case of a trapezoidal move, it will always be 0. The required sequence is:
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Advance and
Recede

Command Description

> XE1 Erases Sequence #1

> XD1 Defines Sequence #1
FSI1 Enables Following mode
FORN Sets motor to encoder steps per unit travel ratio
FACn Sets the following acceleration increment
FENnN Sets the encoder period
Dn Sets the secondary axis distance to n motor steps
FOLn Sets the initial following percentage to n
TR1 Waits on the input trigger
MPP Enters the Motion Profiling mode
G Starts motion
FPa Waits until a encoder pulses have passed
FOL@ Stops the motion of the secondary
FPb Waits for the decel ramp distance
STOP Stops the move itself

> XT Ends the Sequence #1 definition

The value for a in the firdtP = Dp gcc +Dp  con
The value for b in the secoP = Dp dec

Primary Axis
Dprim
Vp
} } } } } } i
P t
V Dsec
P
Secondary Axis
FOL * Vp

100

Advance Profile

In this figure, Dyrim is the distance that the primary axis moves in encoder steps during the
advance portion of the profile. It is the lightly shaded regiogecI3 the distance in secondary
motor steps that the secondary axis advances with respect to the moving primary axis. This

distance is the darkly shaded region.
E Dprim g Dsec
00+ K - g_OR- K E

The breakpoint to decelerateROL13@s entered for th&P value in the advance sequence.
FP is a distance equal to the sum of areas 1 and 2 in the primary profile.

Dprim

FOL= FOL + 350.K -

FEN
FP =D prim FAC ° ( FOLE - FOL|)
Primary Axis Dprim
Vp
} } t } } i
FP
v t
P Secondary Axis
DSEC
FOL*Vp
100
} } } } } } } } } i
t

Recede Profile
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Cam Following

The dark shaded area is the distance that the secondary will recede with respect to the moving
primary. The lightly shaded area is the distance the primary moves while the secondary
recedes.

B Dprim Dorim Dsec
FOL=FOL| - 700-K BOO_K% FOR-K_

K'is the following acceleration constant and is equaﬂﬂ@;,:TC

. e FEN
FPis equal to: Dprim + FAG® (FOL;:- FOL|)

Primary Axis Dp6
vm f
Dpl Dp2 Dp3 Dp4 Dp5 +
P T T . | IR T R T WO T I TN T SN NN N (WS SN SN SN W | I R T N | 1
———— e ———— . i
FOL3*Vm
Secondary Axis
FOL2*Vm / \
FOL1*Vm
Ds6
Ds2 Ds3 Ds4
Ds1 Ds5 *.
el et 1l 1 PR 1 P 1 el P 1 el el el R 1 1
——t—t t "ttt ——— }
t (sec)
Cam Profile

Each segment of the secondary and primary move profile is marked by a primary distance Dpn
and a secondary distance Dsn. The following percentage required for each segment is determined
from the equations below. ggm and Qyec are equal to Dpn and Dsn for each segment. When

accelerating to a higher percentage use:

Dprim Dprim 2+FOL | *D prim 2+D sec
FOL= FOL + Tg0.K Eioo K % 100 - K - FOR'K

When decelerating to a lower percentage, use:

D D + FOL *D pyi 2+D
_Pprim__ prim prim sec
FOL= FOL - To0.K \/Boo K E 100 - K * FOL-K
FP or FPA are equal to Dpn or the accumulative Dpn respectively. Each cam segment can be
broken down and described with the equations below.

vm Primary Axis
Dpacc Dp(;on
LI :II IIIIIIIIIII IIIIII
t
FOLE* Vm
FOL |* Vm
t

Cam Profile Segment
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Dprim =DP acc *DP con
Dsec =Ds acc +Ds con
1
Dsacc = FOR +K e ( 7+(FOL g-FOL |)2+(FOL g-FOL |)+FOL )

FEN
Dpgcc =(FOL F -FOL | )+ Fac

FOL
Dscon =Dp con *FOR 100

The distance foFP is Dpacc + Dpcon, for FPA s the absolute value of the primary
distance since the start of the cam cycle.
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Z Series Shunt Regulator

Chapter Objectives

The information in this chapter will enable you to:

0 Understand the shunt regulator's purpose

O Install the shunt regulator

O Use this chapter as a quick reference for shunt regulator specifications

What Is A Shunt Regulator?

L Helpful Hint:
The Z Shunt
Regulator is

designed to operate
from 0 °C - 50°C and

dump power at a

voltage level of
365VDC

The Z Shunt Regulator is an option for the ZX/ZXF 600, 800, and 900 series motor/drives.
Two versions of the Z Shunt Regulator are available.

0 The ZSR-400W version dissipates 400 watts

0 The ZSR-800W version dissipates 800 watts

Compumotor recommends that you use this option if your load reflects more energy than the
ZXIZXF can absorb. This typically happens when the drive is decelerating a large inertial
load with little or no friction. In this situation, the ZX/ZXF will fault with error cadé

(Drive Overvoltage). The shunt regulator dissipates the reflected energy (heat).

Shunt Regulator Installation

O Helpful Hint:

For best performance,
the shunt regulator
should be as close to
the ZX/ZXF as possible.
Use 12 AWG, twisted
pair wires (20A - 30A @
350VDC pulsed) to

connect the terminals.
The wire should be no
longer than 2 feet.

[1 Make sure that power is off before proceeding with this procedure.
[0 ConnectV BUS(+) on the ZX/ZXF to V BUS(+) on the shunt regulator.
[0 Connect V BUS(-) on the ZX/ZXF to V BUS(-) on the shunt regulator.

ZXIZXF 600 & 800 ZXIZXF 900

VBUS VBUS

@jx
3
2
o
2
2
g
o
2

VBUS

I VBUS
. |

SIS

Bottom View Bottom View Bottom View

Bottom View

Shunt Regulator Installation
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[0 Mount the shunt regulator so air flows from the bottom to the top of the unit.
0 Apply power to the ZX/ZXF.

If the shunt regulator is properly configured, the unit's status LED will be illuminated. When
the units is power dumping, the yell®EGEN_ED will be illuminated. When power is
removed from the ZX/ZXF, th6 TATUSLED will remain on until the bus voltage drops to
approximately 60V.

Dashed lines apply to

1.00 — | > ‘ 5.50 / 800 watt version only (ZSR-800W)
I |
| |
| |
I I

1.80
+-——>

213
-« »
NN
oo
© ©

1 30
11.45 0.39 —
* > 0.05
x| Provision for
#10 Mounting Screws
(4 Places)

Compumotor |

STATUS O
REGEN O

14.10
16.00
15.00

0.70‘»

Z Series Shunt Regulator Dimensions

As the motor decelerates the load, the voltage on the DC bus inside the ZX increases as the
energy is reflected to the drive from the load. The capacitors inside the drive store energy;
however, the capacitors' storage capacity is limited. If the energy in the system exceeds the
capacitors' storage capacity, the excess energy must be dumped into a shunt regulator. Shunt
regulators dump excess energy into resistors. If the bus voltage in the ZX rises above

365VDC,Overvoltage Warning #03 occurs. At a bus voltage of 405VDC the drive
faults with anOvervoltage Fault #04 . A shunt regulator can eliminate these
conditions.

Selecting a Z Series Shunt Regulator

136

To determine which shunt regulator is appropriate for your system, complete the following
steps.

[0 Determine how much energy is in the mechanical system. Use the following equation:

Mechenergy(Joules) s} Jw2: Where J is theysteninertia in Kg-n? andw is the maximum
motor velocity in radians/sec.
[0 Determine if the ZX capacitors can absorb the mechanical system's energy. Use the following
equation depending on the ZX type:
Elecenergy (Joules) :% C V2: where C is the capacitance of the ZX in Farads. In the Z600s

and Z800s, C = 4200mF and in the Z900s, C = 8400mF. The V that you use to calculate the
energy the drive can absorb is the maximum ZX voltage (405VDC) for

ELEC/ENERGY1 and the AC line voltage V2 for ELEC/ENERGY?2.
The absorption capability = ELEC/ENERGY1 — ELEC/ENERGY2
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U Helpful Hint:
Capacitor Energy
Absorption Calculation

U Helpful Hint:

Fast decelerations require
more power to be dumped
than slow decelerations.

O Helpful Hint:

To calculate the time
required to decelerate,
use the following
equation:

O Helpful Hint:
For moves with a
linear deceleration
ramp, peak power is
twice the average
power.

Line voltage is 208VAC applied to a 2620
A ELEC/ENERGY1 = ELEC/ENERGY1- ELEC/ENERGY2

= %0(405) 2. %C(ZOS- V2) 2

= %(0.0042) [405 2.208. \2) 2

0.0021 (164,025-86,528)
162.7 Joules

If the amount of mechanical energy in the system is less than the amount of electrical energy
that the ZX can store, you do not need a shunt regulator. You may run your load at any
velocity and decelerate at any rate to a stop without causing an overvoltage fault.

If the system's mechanical energy exceeds the amount that can be absorbed, a shunt regulator
may be required. There are several losses in the system that help lower the amount of energy
the drive needs to absorb. Friction, drive inefficiencies @Rddsses in the motor are some
examples. These losses can skew your ability to determine whether or not a shunt regulator is
needed (if your calculations indicate that there is more mechanical energy than electrical energy
in the system). If, however, the mechanical energy exceeds the electrical energy that can be
absorbed and you want to decelerate the load quickly, you will need a regulator. To select the
proper regulator (400W or 800W), additional calculations must be made. Determine the amount
of power (not energy) that must be dumped. The power that must be dissipated increases as
deceleration time decreases (assuming the same load and peak velocity for the move). Since the
average power is the change in energy over time, and the energy in this example is fixed, the
only variable is time.

) Vint -V fina)
Time gecel  (Seconds) = Decel rate
Where V is in revs/sec and decel rate is in revs/sec 2

The shunt regulator for a 240V ZX is only active when the bus voltage exceeds 365VDC.

The ZX absorbs some energy before the shunt becomes active and continues to absorb energy
if the bus voltage continues to climb while the regulator is active. Therefore, the amount of
electrical energy that the drive can absorb from the mechanical system should be subtracted
before calculating the power that must be dumped. For a Z600 or Z800 operating at 240VAC
input, subtract 102 joules. For a Z900 at 240VAC, subtract 204 joules. The calculation for a
Z600 is shown below:

EleC energy = 7 (00042)  [405 2-(240*  \2) 2]=102 Joules

Now divide the mechanical energy by the decel time to get the average power in joules that
will dissipate over the linear deceleration portion of the move.

Mech

Poweravg = ___€energy
Time decel
Power = Power 2
peak avg

The shunt regulator chosen must be able to dumpeahkpower of the move. If the peak
power is too high, lower the deceleration rate or the move velocity. A lower velocity will
reduce the stored mechanical energy in the system.

The table below indicates the maximum load-to-rotor inertia ratio for the various motor sizes
that you can have without requiring a shunt regulator. These calculations are based on the
motors being operated at rated speed and an input power of 240V to the ZX. The assumption
is that there are no losses in the drive or motor. These numbers are conservative.
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Motor Speed | Ineria Ratio | |Meto" Sheed | Ineria Ratio
605 10333 3.9:1 640 26.67 26:1
606 60.00 731 910 83.33 0611
610 116.67 052:1 920 525 0.86:1
620 61.67 111 930 38.33 1341
630 41.67 2211 940 25.00 0.98:1
635 50.00 1.0:1.0

As long as the load to rotor inertia ratio is equal to or less than what is in the table, you may
run at any velocity and use any deceleration rate (O<deré&b<stop the load without getting

an over voltagéault on the drive. If your inertia ratio is greater than the listing, you will

have to limit either your deceleration rate or lower the rotor speed. The greater the inertial
mismatch, the lower the allowable deceleration rate or velocity.

The table below gives the maximum load-to-rotor-inertia ratio you can use having an infinite
deceleration rate without a shunt regulator at various percentages of the rated motor velocity.
Again, these numbers are based on 240VAftipower to the ZX. Losses are not accounted

for, so the numbers are conservative.

Motor | 100% \ 90% \ 80% \ 70% \ 60% \ 50% \ 40% \ 30% \ 20% \ 10% \
605 3.91 5.06 6.68 9.02 1264 1865 29.70 5358 121.80 490.21
606 7.39 936 1211 1613 2231 3257 5146 9225 208.82 838.28
610 0.53 0.89 139 212 324 511 855 1598 37.20 151.79
620 1.09 1.59 227 327 482 738 1209 2227 5135 208.41
630 2.24 3.00 406 561 800 11.96 19.24 3499 79.98 322.90
635 1.0 2.48 310 410 560 800 1258 224 503 2013
640 2.61 3.46 464 637 903 1345 2157 39.13 89.29 360.18
910 0.62 1.00 153 231 350 548 912 16.99 39.49  160.95
920 0.86 1.30 191 280 418 645 1065 19.71 4559 185.37
930 1.34 1.89 265 377 550 836 1362 2499 57.47 232.89
940 0.99 1.46 211 3.06 453 696 1143 2110 4873 197.92

The table is calculatmtheoretical maximums. It would be difficult, if notpassible, to tune
a servo with inertia mismatches greater than 25:1. If your application is not within the ranges
in the table, you may need a shunt regulator.

The tables below show the maximum allowable deceleration rates using different wattage
shunt regulators at various speeds and with variable inertia ratios. The calculations do not
include any losses in the system (the results are conservative).

The load-to-rotor inertia ratios are on the top row of each table. Each table uses a different
wattage shunt regulator. These tables can help determine the right shunt regulator for your
application (400W or 800W version).

Deceleration rates using a 400W Shunt Regulator

Deceleration rates at 100% of rated speed

Motor RPs | 11 | 21 [ 3a 41 51 6:1 81 10:1 15:1 20:1 25:1
605 103.33 o 6972.4 862.7 459.8 237.7 160.3 88.4 61.0 46.6
606 60.00 oo w oo w w oo 1398.9 362.0 126.9 76.9 55.2
610 116.67 7075 232.2 138.9 99.1 77.0 63.0 462 36.4 23.9 17.7 14.1
620 61.67 @ 269.7 129.9 85.5 63.8 50.8 36.1 28.1 18.0 13.2 10.5
630 41.67 @ w 328.8 145.7 93.6 69.0 452 336 205 14.7 115
635 50 w 199.2 99.1 65.9 49.4 39.5 28.2 21.9 14.1 10.38 8.21
640 26.67 w w 437.0 130.9 77.0 54.5 34.4 25.2 15.0 10.7 8.3
910 83.33 328.8 93.6 54.6 385 29.8 24.2 17.7 13.9 9.1 6.7 5.4
920 52.50 606.1 82.0 44.0 30.1 228 18.4 133 10.4 6.7 5.0 3.9
930 38.33 @ 126.7 51.6 324 23.6 18.6 13.0 10.0 6.4 47 37
940 25.00 1487.8 467 23.7 15.9 12.0 96 6.9 53 34 25 2.0
Deceleration rates at 75% of rated speed
Motor Rps | 11 [ 21 31 41 5:1 6:1 8:1 10:1 15:1 20:1 25:1
605 77.50 w 3624.8 556.7 178.3 106.2 75.6
606 45.00 B Y B L B Y Y o 1049.1 208.7 115.8
610 87.50 w 14718 351.0 199.3 139.1 106.9 73.0 55.5 34.6 25.2 19.8
620 46.25 oo w 1051.8 2535 144.1 100.7 62.8 4556 27.1 19.3 15.0
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630 31.25 o ® o o 1147.3 267.6 105.6 65.8 33.9 228 17.2

635 375 L 0 618.0 184.4 108.4 76.7 48.4 35.4 21.2 15.1 11.7
640 20.00 o o o o o 383.9 94.0 53.6 25.8 17.0 12.7
910 62.50 L 11473 151.5 81.1 55.4 42.0 28.4 21.4 13.3 9.6 75
920 39.38 L L 175.0 73.4 46.5 34.0 221 16.4 9.9 7.1 5.6
930 28.75 L L L 130.7 61.4 40.2 23.7 16.8 9.8 6.9 53
940 18.75 L L 128.1 42.8 257 18.4 11.7 8.6 51 37 29

Deceleration rates at 50% of rated speed

Motor RPS ‘ 11 ‘ 2:1 3:1 41 5:1 6:1 8:1 10:1 15:1 20:1 25:1
605 51.67 o o o o o o o o o 1258.3 299.9
606 30.00 o o o o o o o o ) ) o
610 58.33 L] L] L] L] L] 724.2 234.0 139.6 69.5 46.2 34.7
620 30.83 o o o o o o 701.2 184.5 64.9 39.4 28.3
630 20.83 o o o o o o o o 164.4 64.0 39.7
635 25.0 o o o o o o 412.0 133.3 49.5 30.4 21.9
640 13.33 0 0 0 0 0 0 0 0 218.5 55.7 31.9
910 41.67 o o o o o 442.0 101.0 57.0 27.3 17.9 13.4
920 26.25 L] L] L] L] L] L] 116.7 52.3 22.0 13.9 10.2
930 19.17 o o o o o o o 99.6 25.8 14.8 10.4
940 12.50 o o o o o o 85.4 30.8 11.9 7.3 53

Deceleration rates at 25% of rated speed

Motor RPS ‘ 11 ‘ 2:1 31 4:1 5:1 6:1 8:1 10:1 15:1 20:1 25:1
605 25.83 o o o0 o o o o o o o o
606 15.00 o o o o o o o o o o o
610 29.17 L g 0 o o o o ) Y Y 760.3
620 15.42 o o o o o o0 o ) ) ) o
630 10.42 o o oo o o o 0 o o o o
635 125 o o o o0 o o o o o o o
640 6.67 o o o0 o o o o o o o o
910 20.83 o o o o o o o o o o 1419.0
920 13.13 o o o o o o o o o o o
930 9.58 o o o o o o0 o ) ) ) o
940 6.25 o o o o o o o o ® o o
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Deceleration rates using an 800W Shunt Regulator

Deceleration rates at 100% of rated speed

Motor RPS ‘ 1:1 ‘ 2:1 3:1 4:1 5:1 6:1 8:1 10:1 15:1 20:1 25:1
605 103.33 L L 1725.3 919.5 475.4 320.6 176.7 122.0 93.1
606 60.00 o o0 o o o o 2797.7 724.0 253.7 153.8 110.4
610 116.67 1414.9 464.5 277.8 198.2 154.0 126.0 92.3 72.9 47.7 35.5 28.2
620 61.67 L] 539.4 259.7 171.0 127.5 101.6 72.3 56.1 36.0 26.5 20.9
630 41.67 0 0 657.6 291.5 187.2 137.9 90.3 67.2 40.9 29.4 23.0
635 50.0 0 398.6 198.2 131.8 98.8 79.0 56.4 43.9 28.2 20.7 16.4
640 26.67 L L 874.1 261.7 153.9 109.0 68.8 50.3 30.1 214 16.7
910 83.33 657.6 187.2 109.2 77.0 59.5 48.5 354 27.9 18.2 135 10.7
920 52.50 12121 164.1 88.0 60.1 45.7 36.8 26.5 20.7 13.4 9.9 79
930 38.33 L] 253.3 103.1 64.7 47.2 37.1 26.0 20.0 12.7 9.3 7.3
940 25.00 2975.6 93.4 475 31.8 239 19.2 13.7 10.7 6.9 51 4.0

Deceleration rates at 75% of rated speed

Motor RPS ‘ 1:1 ‘ 2:1 3:1 4:1 5:1 6:1 8:1 10:1 15:1 20:1 25:1
605 77.50 0 7249.6 1111.4 356.6 212.4 151.2
606 45.00 o o ) S o & o o 2098.3 417.3 231.7
610 87.50 L 29435 702.1 398.6 278.3 213.7 146.0 110.9 69.2 50.3 395
620 46.25 o o0 2103.6 506.9 288.2 201.3 125.6 91.3 54.2 38.6 29.9
630 31.25 o o o o 2294.5 535.2 211.2 131.6 67.7 45.6 34.4
635 375 (Y (Y 1236.0 368.8 216.7 153.5 96.9 70.8 42.3 30.1 23.4
640 20.00 0 0 0 0 0 767.8 188.1 107.2 51.6 34.0 254
910 62.50 0 22945 302.9 162.2 110.7 84.1 56.7 42.8 26.5 19.2 15.1
920 39.38 L L 350.1 146.9 92.9 68.0 44.2 32.8 19.9 14.3 111
930 28.75 o o0 o 261.4 122.9 80.3 47.4 33.7 19.5 13.7 10.6
940 18.75 o o 256.1 85.6 51.4 36.7 23.4 17.1 10.3 7.3 5.7

Deceleration rates at 50% of rated speed

Motor RPS ‘ 11 ‘ 2:1 3:1 41 5:1 6:1 8:1 10:1 15:1 20:1 25:1
605 51.67 o o0 o 2516.6 599.8
606 30.00 o o o o o o o o ® o o
610 58.33 0 0 0 0 0 1448.5 468.0 279.1 138.9 925 69.3
620 30.83 0 0 0 0 0 0 1402.4 369.1 129.9 78.8 56.6
630 20.83 o o o o o o o o 328.8 127.9 79.4
635 25.0 o o o o0 o0 o 824.0 266.7 99.1 60.9 43.9
640 13.33 o o o o o o0 o o0 437.0 111.4 63.8
910 41.67 L] L] L] L] L] 884.0 202.0 114.0 54.6 35.9 26.7
920 26.25 0 0 0 0 0 0 2334 104.7 44.0 27.9 20.4
930 19.17 0 0 0 0 0 0 0 199.2 51.6 29.6 20.8
940 12.50 o o o o o o 170.8 61.6 23.7 14.7 10.6

Deceleration rates at 25% of rated speed

Motor RPS 1:1 ‘ 2:1 3:1 4:1 5:1 6:1 8:1 10:1 15:1 20:1 25:1
605 25.83 L 0 0 © 0
606 15.00 o o0 o o0 o0 o ) ) ) ) )
610 29.17 o o o o o o0 o o0 o o0 1520.6
620 15.42 o o oo o o o o o o o o
630 10.42 o o o o0 o o o o o o o
635 12.5 o o0 o0 o o o o o o o o
640 6.67 o o o o o o o o o o o
910 20.83 o o o o o o o o o o 2837.9
920 13.13 o o o o o o0 ) ) ) ) )
930 9.58 o o o o o o o o ® o o
940 6.25 o o o o0 o o o o o o o
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Hardware Reference

The information in this chapter will enable you to:

0 Use this chapter as a quick-reference for system performance specifications

ZX600 Electrical Specifications

Electrical specifications for the ZX Drive's input and output power are provided in this section.

Input Power
Voltage (Nominal) 120VAC (1 or 3-phasej 120VAC (1 or 3-phase )
Voltage (Range) 92-130VAC (1 or 3-phas#)205-252VAC (1 or 3-phase)
Frequency (Range) 47-66 Hz
Current (Max. cont.) 15A (rms) 3-phaswr 26A (rms) 1-phase
Power (Max. cont.) 6.2 KVA
Fuses 20A slow blow—Not user accessible
Isolation transformer Not required

The actual input power and current is a function of the motor's operating point (speed and torque) and the
duty cycle. You can de-rate the fuses and isolation transformer by scaling the above numbers by your

actual requirements. The numbers above reflect the servo motor and drive operating at rated speed and
rated torque at 100% duty.

Output Power

Voltage 405 VDC (maximum)

Frequency 0 - 400Hz fundamental (7 kHz PWM)

Current 20A continuous per phase sinusoidal (14.14Arms)
40A peak per phase sinusoidal (28.3Arms)

Regen/power dump Optional accessory

ZX600 Motor/Drive Configuration

The ZX600's hardware is pre-configured to control Z600 motors. The ZX600 series drives only Z600
motors, the ZX800 series drives only Z800 motors, and the ZX900 series drives only Z900 rBetors.
sure that your drive type matches your motor type (Z600, Z800, or.Z¥0@u have questions about

the ZX motor/drive configuration, call your local Automation Technology Center (ATC) or distributor.
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Technical Data ZX600 Series

Units ZX-605 | ZX-606 | ZX-610 | ZX-620 | ZX-630 | ZX-635 | ZX-640
Continuous Stall Torque* 0z-in 346 633 867 1743 2475 2458 4114
Ib-in 22 40 54 109 155 154 257
Ib-ft 1.8 3.3 4.5 9.1 12.9 12.8 21.4
Nm 2.4 4.5 6.1 12.3 17.5 17.4 29.1
Peak Torque (+10%) 0z-in 1083 1954 1733 3486 4951 7008 8228
Ib-in 68 122 108 218 309 438 514
Ib-ft 5.6 10.2 9.0 18.2 25.8 36.5 42.9
Nm 7.7 13.8 12.2 24.6 35.0 49.5 58.1
Rated Torque (+10%) 0z-in 321 576 616 1538 2172 2054 3729
Ib-in 20 36 39 96 136 128 233
Ib-ft 1.7 3.0 3.2 8.0 11.3 10.7 19.4
Nm 2.3 4.1 4.4 10.9 15.3 145 26.3
Rated Power hp 2.0 2.1 4.3 5.6 5.4 6.1 5.9
kWatts 15 15 3.2 4.2 4.0 4.5 4.4
Rated Speed rpm 6200 3600 7000 3700 2500 3000 1600
rps 103 60 117 62 42 50 27
Rated Current (line) A (rms) 5.0 5.3 14.1 14.1 14.1 14.1 14.1
Peak Current (3.3 seconds max) | A (rms) 16.6 17.2 28.2 28.2 28.2 28.2 28.2
Max. Cont. AC Input Current A (rms) 6 6 15 15 15 15 15
(3 phase 240VAC)
Rotor Inertia 0z-in2 (mass) 5.45 9.45 13.73 35.87 50.79 56.21 111.21
0z-in-sec 0.01 0.02 0.04 0.09 0.13 0.146 0.29
2 99.6 172.9 251.2 656.0 929.0 1028.0 2034.0
Kg-m“ x 1E-6
Motor Weight Ibs 10 13 16 29 32 37 51
ka(f) 5 6 7 13 15 16 23
Shipping Weight Ibs 51 55 58 70 73 78 92
ka(f) 23 25 26 32 33 35 42

ZX600 Series Indexer/Drive Performance Specifications

Positional Repeatability

Repeatability: +0.088 degrees, unloaded
Positional Accuracy

Resolver Accuracy: £7 arc minutes

Resolver-to-Digital Converter Accuracy: +8 arc minutes(For finer accuracies,
contact Compumotor—800-722-2282.)

Motor/Drive Compatibility

Different motors can take different amounts of current and require different tuning parameters
for typical loads. Th€EMTRConfigure Motor Type) command sets up a drive for a
particular motor. By issuinGMTRmotor current levels and default parameters are recalled
from memory. Do not exceed the current level specified for the motor, excessive current
levels will damage the motor.

The following information isprovided in casgou must modif the motor/drive confjuration.
This command sequence will set up a drive for a particular motor size and perform the
commutation (refer to theX Indexer/Drive Software Reference Guider more on
these commands).

WARNING

This commutation procedure causes violent motor motion. All loads should be
removed from the motor shaft before you begin this procedure.

Command Description

> 10FF Turns drive off

> 1CMTRxxx Sets drive for the motor; xxx = 605, 606, 610, 620, 630, 635, or 640
> 10N Enables the drive
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Motor Brakes

Motor Data

Motor brakes are mounted directly behind the motor and are pre- assembled at the factory.
When ordering the brake option, specify the motor type.

Brake Characteristics ZX605/606/610 ZX620/630 X640 Units
Supply voltage 24 24 24 VDC
Supply current 0.57 0.93 1.27 A

Static braking torque 960 1152 6720 0z-in

Z600 Motor Brake Characteristics

The following pages provide data on each of the motor frame sizes of ZX600 series systems
(ZX605, ZX606, ZX610, ZX620, ZX630, ZX635, ZX640). The data reflecting motor torque
does not assume operation from a ZX600 drive. The torque specifications reflect the motor's
capabilities. In most cases, the motor windings match the drive's output power with an
additional safety margin.
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Motor Size: Z605 Value Units Tolerance
1 Constant (s): Torque 68.7 0z-in/A rms +10%
2 Voltage (Sinusoidal) 29.4 V rms/Krpm +10%
3 Electrical Time 10.68 milliseconds nominal
4 Mechanical Time 1.46 milliseconds nominal
5 Thermal 32 minutes nominal
6 Torque (s): Continuous, Stall 367 0z-in min. [1]
7 Continuous, Stall 346 0z-in min. [2]
8 Continuous, Rated 321 0z-in min. [2]
9 Peak, Max w/o Saturation 1085 0z-in min. [1]
10 Static Friction 0.96 0z-in max.
11 Ripple (of Rated Torque) 5 percent max. [3]
12 | Speed: Rated 6200 rpm reference
13 Maximum 6200 rpm reference
14 Frequency Rated 207 Hz max.
15 | Current: Rated 5 Arms max. [1]
16 Peak 16.6 Arms nominal
17 | Voltage: Rated 240 V rms reference
18 Max 250 V rms maximum
19 | Output Power Rated 1.5 (2.0) kWatts (hp) min. [1]
20 Inductance Terminal (line-line) 25 mH + 30%
21 | D.C. Resistance Terminal (line-line) 2.3 ohms +10 % [1]
22 | Acceleration at Rated Torque 76870 rads/sec? Theoretical
23 | Rotor Inertia 99.6 kgm? * 1E-6 nominal
24 Damping 0.96 0z-in / krpm nominal
25 | Weight 10 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance-to-Frame 0.00122 pE max.
33 | IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (Front to Back) 1.4E-5/8E-6 in/lb reference
35 Material [5] RC-#30 — reference
36 Magnet Type NdFeB — —
37 Loading [6] 1000 rpm 85.4 Ibs. max. [7]
2000 rpm 67.8 Ibs. max. [7]
3000 rpm 59.1 Ibs. max. [7]
4000 rpm 53.8 Ibs. max. [7]
5000 rpm 50 Ibs. max. [7]
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI #2 Manufacturer reference
40 | Shaft Seal Pressure 0.21(3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 2(P/2)
42 | Stator Phase Sequence A-C-B (viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.
44 | Resolver Manufacturer/Model # Fasco # 21-BRCX-335-J39
45 Standard Resolver Cable Part Number 71-011777-xX
46 Standard Motor Cable Part Number 71-011774-xx
47 | Options: Brake—24VDC (0.57A)—960 oz-in Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway

[1] 25° C Ambient

[2] 40° C Ambient

[3] Measured at 60 rpm (1 rps) in Velocity Mode

[4] Rated for 20,000 Hours or 40,000 Hours @ 155° C

(5]
(6]
(7]

(8]

Rotor steel is rated as fatigue proof
Loads centered 1 inch from mounting flange
Loads may be radial and axial such that the sum of the

radial and two times the axial does not exceed this figure.

The motor shaft is IP30 rated.
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Motor Size: 72606 Value Units Tolerance
1 Constant (s): Torque 120 0z-in/A rms +10%
2 Voltage (sinusoidal) 51.2 V rms/Krpm + 10%
3 Electrical Time 15.32 milliseconds nominal
4 Mechanical Time 0.896 milliseconds nominal
5 Thermal 34 minutes nominal
6 Torque (s): Continuous, Stall 672 0z-in min. [1]
7 Continuous, Stall 634 0z-in min. [2]
8 Continuous, Rated 576 0z-in min. [2]
9 Peak, Max w/o Saturation 1957 0z-in min. [1]
10 Static Friction 0.96 0z-in max
11 Ripple (of Rated Torque) 5 percent max. [3]
12 | Speed: Rated 3600 rpm reference
13 Maximum 3600 rpm reference
14 Frequency Rated 120 Hz max.
15 | Current: Rated 5.3 Arms max. [1]
16 Peak 17.2 Arms nominal
17 | Voltage: Rated 240 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 1.6 (2.1) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 38 mH + 30%
21 D.C. Resistance Terminal (line-line) 2.48 ohms +10% [1]
22 | Acceleration at Rated Torque 80000 rads/sec? Theoretical
23 Rotor Inertia 172.9 kgm? * 1E-6 nominal
24 Damping 1.344 0z-in / krpm nominal
25 | Weight 13.4 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance to Frame 0.00201 uF max.
33 IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (front to back) 1.4E-5/8E-6 in/lb reference
35 Material [5] RC-#30 — reference
36 Magnet Type NdFeB — —
37 Loading [6] 1000 rpm 90.1 Ibs. max. [7]
2000 rpm 71.6 Ibs. max. [7]
3000 rpm 62.4 Ibs. max. [7]
4000 rpm N/A Ibs. max. [7]
5000 rpm N/A Ibs. max. [7]
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI #2 Manufacturer reference
40 | Shaft Seal Pressure 0.21(3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 2(P/2)
42 | Stator Phase Sequence A-C-B (viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.
44 | Resolver Manufacturer/Model # Fasco # 21-BRCX-335-J39
45 | Standard Resolver Cable Part Number 71-011777-xx
46 | Standard Motor Cable Part Number 71-011774-xx
47 | Options: Brake—24VDC (0.57A)—960 oz-in Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25° C Ambient [5] Rotor steel is rated as fatigue proof
[2] 40° C Ambient [6] Loads centered 1 inch from mounting flange
[3] Measured at 60 rpm (1 rps) in Velocity Mode [7] Loads may be radial and axial such that the sum of the
[4] Rated for 20,000 Hours or 40,000 Hours @ 155° C radial and two times the axial does not exceed this figure.
[8] The motor shaft is IP30 rated.
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Motor Size: Z610 Value Units Tolerance
1 Constant (s): Torque 61.4 0z-in/A rms +10%
2 Voltage (Sinusoidal) 26.2 V rms/Krpm +10%
3 Electrical Time 13.16 milliseconds nominal
4 Mechanical Time 0.762 milliseconds nominal
5 Thermal 36 minutes nominal
6 Torque (s): Continuous, Stall 977 0z-in min. [1]
7 Continuous, Stall 921.6 0z-in min. [2]
8 Continuous, Rated 653 0z-in min. [2]
9 Peak, Max w/o Saturation 2630 0z-in min. [1]
10 Static Friction 0.96 0z-in max
11 Ripple (of Rated Torque) 5 percent min. [3]
12 | Speed: Rated 7000 rpm reference
13 Maximum 7000 rpm reference
14 Frequency Rated 233 Hz max.
15 | Current: Rated 15 Arms max. [1]
16 Peak 45 Arms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 3.3(4.5) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 5 mH + 30%
21 | D.C. Resistance Terminal (line-line) 0.38 Ohms +10% [1]
22 | Acceleration at Rated Torque 73934 rads/sec? Theoretical
23 Rotor Inertia 251.2 kgm? * 1E-6 nominal
24 Damping 1.728 0z-in / krpm nominal
25 | Weight 16.35 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance-to-Frame 0.00205 pE max.
33 | IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (front to back) 1.4E-5/8E-6 in/lb reference
35 Material [5] RC-#30 — —
36 Magnet Type NdFeB — max. [7]
37 Loading [6] 21000 rpm 93.5 Ibs. max. [7]
2000 rpm 74.2 Ibs. max. [7]
3000 rpm 64.8 Ibs. max. [7]
4000 rpm 59 Ibs. max. [7]
5000 rpm 54.7 Ibs. max. [7]
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI #2 Manufacturer reference
40 | Shaft Seal Pressure 0.21 (3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 2(P/2)
42 | Stator Phase Sequence A-C-B (viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.
44 Resolver Manufacturer/Model # Fasco # 21-BRCX-335-J39
45 Standard Resolver Cable Part Number 71-011777-01
46 | Standard Motor Cable Part Number 71-011775-01
47 | Options: Brake—24VDC (0.57A)—960 oz-in Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25° C Ambient [5] Rotor steel is rated as fatigue proof
[2] 40° C Ambient [6] Loads centered 1 inch from mounting flange
[3] Measured at 60 rpm (1 rps) in Velocity Mode [7] Loads may be radial and axial such that the sum of the
[4] Rated for 20,000 Hours or 40,000 Hours @ 155° C radial and two times the axial does not exceed this figure.
[8] The motor shaft is IP30 rated.
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Motor Size: 72620 Value Units Tolerance
1 Constant (s): Torque 124.2 0z-in/A rms +10%
2 Voltage (Sinusoidal) 53 V rms/Krpm +10%
3 Electrical Time 23.4 milliseconds nominal
4 Mechanical Time 0.82 milliseconds nominal
5 Thermal 40 minutes nominal
6 Torque (s): Continuous, Stall 1974 0z-in min. [1]
7 Continuous, Stall 1862 0z-in min. [2]
8 Continuous, Rated 1632 0z-in min. [2]
9 Peak, Max w/o Saturation 5299 0z-in min. [1]
10 Static Friction 25 0z-in max.
11 Ripple (of Rated Torque) 4.5 percent min. [3]
12 | Speed: Rated 3700 rpm reference
13 Maximum 3700 rpm reference
14 Frequency Rated 123 Hz max.
15 | Current: Rated 15 Arms max. [1]
16 Peak 45 Arms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 4.5 (6) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 15 mH + 30%
21 | D.C. Resistance Terminal (line-line) 0.64 Ohms +10% [1]
22 | Acceleration at Rated Torque 57025 rads/sec? Theoretical
23 | Rotor Inertia 656 kgm? * 1E-6 nominal
24 Damping 2.496 0z-in / krpm nominal
25 | Weight 29 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance-to-Frame 0.0034 pE max.
33 | IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play 2E-5/7E-6 in/lb reference
35 Material [5] RC-#30 reference
36 Magnet Type NdFeB — —
37 Loading [6] 21000 rpm 154.7 Ibs. max. [7]
2000 rpm 122.8 Ibs. max. [7]
3000 rpm 107.2 Ibs. max. [7]
4000 rpm N/A Ibs. max. [7]
5000 rpm N/A Ibs. max. [7]
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI #2 Manufacturer reference
40 | Shaft Seal Pressure 0.21 (3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 2(P/2)
42 | Stator Phase Sequence A-C-B (viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.
44 Resolver Manufacturer/Model # Fasco # 21-BRCX-335-J39
45 Standard Resolver Cable Part Number 71-011777-xX
46 | Standard Motor Cable Part Number 71-011775-xx
47 | Options: Brake—24VDC (0.93A)—1140 oz-in Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25° C Ambient [5] Rotor steel is rated as fatigue proof
[2] 40° C Ambient [6] Loads centered 1 inch from mounting flange
[3] Measured at 60 rpm (1 rps) in Velocity Mode [7] Loads may be radial and axial such that the sum of the
[4] Rated for 20,000 Hours or 40,000 Hours @ 155° C radial and two times the axial does not exceed this figure.
[8] The motor shaft is IP30 rated.
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Motor Size: 72630 Value Units Tolerance
1 Constant (s): Torque 175.3 0z-in/A rms +10%
2 Voltage (Sinusoidal) 74.9 V rms/Krpm +10%
3 Electrical Time 26.7 milliseconds nominal
4 Mechanical Time 0.68 milliseconds nominal
5 Thermal 43 minutes nominal
6 Torque (s): Continuous, Stall 2788 0z-in min. [1]
7 Continuous, Stall 2630 0z-in min. [2]
8 Continuous, Rated 2304 0z-in min. [2]
9 Peak, Max w/o Saturation 7488 0z-in min. [1]
10 Static Friction 40.7 0z-in max.
11 Ripple (of Rated Torque) 4.5 percent min. [3]
12 | Speed: Rated 2500 rpm reference
13 Maximum 2500 rpm reference
14 Frequency Rated 83 Hz max.
15 | Current: Rated 15 Arms max. [1]
16 Peak 45 Arms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 4.3 (5.7) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 20 mH + 30%
21 D.C. Resistance Terminal (line-line) 0.75 Ohms +10% [1]
22 | Acceleration at Rated Torque 56934 rads/sec? Theoretical
23 Rotor Inertia 929 kgm? * 1E-6 nominal
24 Damping 2.88 0z-in / krpm nominal
25 | Weight 32 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 132 °C (Celsius) +5°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance to Frame 0.0038 uF max.
33 IP Classification 65 (Shaft [8]) | rated standard
34 Shaft: Radial-Play 2E-5/7E-6 in/lb reference
35 Material [5] RC-#30 — reference
36 Magnet Type NdFeB — —
37 Loading [6] 21000 rpm 160 Ibs. max. [7]
2000 rpm 127.1 Ibs. max. [7]
3000 rpm N/A Ibs. max. [7]
4000 rpm N/A Ibs. max. [7]
5000 rpm N/A Ibs. max. [7]
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI #2 Manufacturer reference
40 | Shaft Seal Pressure 0.21(3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 2(P/2)
42 | Stator Phase Sequence—CW rotor rotation A-C-B (viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.
44 | Resolver Manufacturer/Model # Fasco # 21-BRCX-335-J39
45 | Standard Resolver Cable Part Number 71-011777-xx
46 | Standard Motor Cable Part Number 71-011775-xx
47 | Options: Brake—24VDC (0.93A)—8.0 Nm Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25 °C (Celsius) ambient [5] Rotor steel is rated as fatigue proof
[2] 40 °C (Celsius) ambient [6] Loads centered 1 inch from mounting flange
[3] Measured at 60 rpm (1 rps) in velocity mode [7] Loads may be radial and axial such that the sum of the
[4] Rated for 20,000 hours or 40,000 hours @ 155° C radial and two times the axial does not exceed this figure.
[8] The motor shaft is IP30 rated.
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Motor Size: Z635 Value Units Tolerance

1 Constant (s): Torque 175.3 0z-in/A rms +10%

2 Voltage (Sinusoidal) 70 V rms/Krpm +10%

3 Electrical Time 0.77 milliseconds nominal

4 Mechanical Time 20.8 milliseconds nominal

5 Thermal 28 minutes nominal

6 Torque (s): Continuous, Stall 2605 0z-in min. [1]

7 Continuous, Stall 2458 0z-in min. [2]

8 Continuous, Rated 2054 0z-in min. [2]

9 Peak, Max w/o Saturation 7008 0z-in min. [1]

10 Static Friction 69 0z-in max.

11 Ripple (of Rated Torque) 4.5 percent min. [3]

12 | Speed: Rated 3000 rpm reference

13 Maximum 3000 rpm reference

14 Frequency Rated 150 Hz max.

15 | Current: Rated 15 Arms max. [1]

16 Peak 45 A rms nominal

17 | Voltage: Rated 230 V rms reference

18 Max 250 Vrms maximum

19 Output Power: Rated 4.5 (6.1) kWatts (hp) min. [1]

20 Inductance: Terminal (line-line) 14 mH + 30%

21 D.C. Resistance Terminal (line-line) 0.647 Ohms +10 % [1]

22 | Acceleration at Rated Torque 48945 rads/sec? Theoretical

23 Rotor Inertia 1028 kgm? * 1E-6 nominal

24 Damping 2.88 0z-in / krpm nominal

25 Weight 37 Ibs. max.

26 | Winding Temperature 170 [4] °C (Celsius) max.

27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference

28 Insulation Class H — reference

29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C

30 | Thermostat RESET Temperature 135 °C (Celsius) +5°C

31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.

32 | Winding Capacitance to Frame 0.0038 pF max.

33 IP Classification 65 rated standard

34 | Shaft: Radial-Play 2E-5/7E-6 in/lb reference

35 Material [5] RC-#30 — reference

36 Magnet Type NdFeB — —

37 Loading [6] 1000 rpm 243.5 Ibs. max. [7]
2000 rpm 193.3 Ibs. max. [7]
3000 rpm 168.8 Ibs. max. [7]
4000 rpm N/A Ibs. max. [7]
5000 rpm N/A Ibs. max. [7]

38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference

39 Bearing Grease SRI #2 Manufacturer reference

40 | Shaft Seal Pressure 0.21(3) kg/cm? (psi) max.

41 Basic Motor Design 3 phase wye connected 2(P/2)

42 | Stator Phase Sequence—CW rotor rotation A-C-B (viewed from front face plate)

43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.

44 | Resolver Manufacturer/Model # Fasco # 21-BRCX-335-J39

45 | Standard Resolver Cable Part Number 71-011777-xx

46 Standard Motor Cable Part Number 71-011775-xx

47 | Options: Brake—24VDC (0.93A)—8.0 Nm holding torque

IP67 Classification
Incremental Encoder

Tachometer
No Keyway
[1] 25 °C Ambient [5] Rotor steel is rated as fatigue proof
[2] 40 °C Ambient [6] Loads centered 1 inch from mounting flange
[3] Measured at 60 rpm (1 rps) in Velocity Mode [7] Loads may be radial and axial such that the sum of the
[4] Rated for 20,000 hours or 40,000 hours @ 155° C radial and two times the axial does not exceed this figure.
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Motor Size: 72640 Value Units Tolerance

1 Constant (s): Torque 291.5 0z-in/A rms +10%

2 Voltage (Sinusoidal) 124.5 V rms/Krpm + 10%

3 Electrical Time 26.2 milliseconds nominal

4 Mechanical Time 0.55 milliseconds nominal

5 Thermal 33 minutes nominal

6 Torque (s): Continuous, Stall 4640 0z-in min. [1]

7 Continuous, Stall 4378 0z-in min. [2]

8 Continuous, Rated 3955 0z-in min. [2]

9 Peak, Max w/o Saturation 12461 0z-in min. [1]

10 Static Friction 73 0z-in max.

11 Ripple (of Rated Torque) 4.5 percent max. [3]

12 | Speed: Rated 1600 rpm reference

13 Maximum 1600 rpm reference

14 Frequency Rated 80 Hz max.

15 | Current: Rated 15 Arms max. [1]

16 Peak 45 Arms nominal

17 | Voltage: Rated 230 V rms reference

18 Max 250 V rms maximum

19 | Output Power: Rated 4.7 (6.3) kWatts (hp) min. [1]

20 Inductance: Terminal (line-line) 20 mH + 30%

21 D.C. Resistance Terminal (line-line) 0.763 Ohms +10 % [1]

22 | Acceleration at Rated Torque 43667 rads/sec? Theoretical

23 Rotor Inertia 2034 kgm? * 1E-6 nominal

24 Damping 15.36 0z-in / krpm nominal

25 | Weight 51 Ibs. max.

26 | Winding Temperature 170 [4] °C (Celsius) max.

27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference

28 Insulation Class H — reference

29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C

30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C

31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.

32 | Winding Capacitance to Frame 0.0082 uF max.

33 IP Classification 65 (Shaft [8]) | rated standard

34 | Shaft: Radial-Play 1E-5/4E-6 in/lb reference

35 Material [5] RC-#30 — reference

36 Magnet Type NdFeB — —

37 Loading [6] 1000 rpm 255.6 Ibs. max. [7]
2000 rpm N/A Ibs. max. [7]
3000 rpm N/A Ibs. max. [7]
4000 rpm N/A Ibs. max. [7]
5000 rpm N/A Ibs. max. [7]

38 | Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference

39 Bearing Grease SRI #2 Manufacturer reference

40 | Shaft Seal Pressure 0.21 (3) kg/cm? (psi) max.

41 Basic Motor Design 3 phase wye connected 3(P/2)

42 | Stator Phase Sequence—CW rotor rotation A-C-B (viewed from front face plate)

43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.

44 Resolver Manufacturer/Model # Fasco # 21-BRCX-335-J39

45 Standard Resolver Cable Part Number 71-011777-xX

46 | Standard Motor Cable Part Number 71-011776-xx

47 | Options: Brake—24VDC (1.27A)—6816 o0z-in Holding Torque

IP67 Classification
Incremental Encoder
Tachometer No Keyway

[1] 25 °C (Celsius) ambient
[2] 40 °C (Celsius) ambient
[3] Measured at 60 rpm (1 rps) in velocity mode [7]

[4] Rated for 20,000 hours or 40,000 hours @ 155° C

[5]
[6]

8]

Rotor steel is rated as fatigue proof
Loads centered 1 inch from mounting flange

Loads may be radial and axial such that the sum of the
radial and two times the axial does not exceed this figure.
The motor shaft is IP30 rated.
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Speed/Torque Curves

The speed/torque curves below represent available shaft torque at different speeds. Operation at
120VAC and 240VAC is shown for each motor size. Actual motor torque mayva8g due

to motor manufacturing variances. For operation from a 1-phase 120VAC, the output torque
stays relatively constant and the top-end speed falls off at the ratio of the input voltage (i.e., A
7610 operating at 240VAC has a rated speed of 7000 rpm; operating at 120VAC, it will have a
rated speed of 3500 rpm¥ontinuous Duty means steady state operation for drive ambient
temperatures of @ to 50C. Intermittent Duty means operation for 3.3 seconds or less.
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ZX800 Electrical Specifications

Input Power

Output Power

Electrical specifications for the ZX800 series drive's input and output power are provided in
this section.

Voltage (Nominal) 120VAC (1 or 3-phase) 120VAC (1 or 3-phase)
Voltage (Range) 92-130 VAC (1 or 3-phase)
205-252 VAC (1 or 3-phase)
Frequency (Range) 47-66 Hz
Current (Max. cont.) 15A (rms) 3-phase 26A (rms) 1-phase
Power (Max. cont.) 6.2 KVA
Fuses 20A slow blow—Not user accessible
Isolation transformer Not required

The actual input power and current is a function of the operating point of the motor (speed and torque)
and the duty cycle. You can de-rate the fuse and the isolation transformer by scaling the above numbers
by your actual requirements. The data above reflects the servo motor and drive operating at rated speed
and at rated torque at 100% duty.

Voltage 405 VDC (maximum)

Frequency 0 - 400Hz fundamental (7 kHz PWM)

Current 20A continuous per phase sinusoidal (14.1Arms)
40A peak per phase sinusoidal (28.3Arms)

Regen/power dump Optional accessory

Motor/Drive Configuration

The ZX800's hardware is pre-configured to control ZX800 series motors. The ZX800 drives only ZX800
series motors, the ZX600 drives only ZX600 motors, and the Z900 drives only Z900 series B®etors.

sure that your drive type matches your motor type (Z600, Z800, or.ZB@u have questions about the
ZX Series motor/drive configuration, contact your local Automation Technology Center (ATC) or
distributor.

Technical Data ZX800 Series

Units ZX-805 |ZX-806 |ZX-810 |ZX-820 |ZX-830 |ZX-840
Continuous Stall Torque (*+10%) 0z-in 346 680 991 1997 3101 4093
Ib-in 22 42 62 125| 194 256
Ib-ft 1.8 35 5.2 10.4 16.2 21.3
Nm 4.8 7.0 14.1 21.9 28.9
Peak Torque (*+10%) 0z-in 1005 1997 1983 3993 6203 8185
Ib-in 63 125 124 250 388 512
Ib-ft 5.2 10.4 10.3 20.8 323 42.6
Nm 7.1 14.1 14.1 28.2 43.8 57.8
Rated Torque (*+10%) 0z-in 340 680 769 1651 2553 3554
Ib-in 21 42 48 103 160 222
Ib-ft 1.8 3.5 4.0 8.6 13.3 18.5
Nm 2.4 4.8 5.4 11.7 18.0 25.1
Rated Power hp 1.8 1.8 4.6 4.4 4.6 4.6
kWatts 1.3 1.3 3.4 3.3 3.4 3.4
Rated Speed rpm 5200 2600 6000 2700 1800 1300
ps 87 43 100 45 30 22
Rated Current (line) A (rms) 4.4 4.4 14.1 14.1 14.1 14.1
Peak Current (3.3 seconds max) A (rms) 13.2 13.2 28.2 28.2 28.2 28.2
Max. Cont. AC input Current A (rms) 7 7 15 15 15 15
(3 phase 240VAC)
Rotor Inertia 02 12.03 19.14 26.24 114.82 166.76 210.50
0zin® (mass) | 5’3 0.05 0.07 0.30 043 0.55
0z-in-sec 220 350 480 2100 3050 3850
kg-m? x 1E-6
Motor Weight Ibs 11 15 20 37 48 59
kg(f) 5 7 9 17 22 27
Shipping Weight Ibs 52 56 61 78 89 100
kg(f) 24 26 28 36 41 45

ZX800 Indexer/Drive Performance Specifications
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Positional Repeatability
Repeatability: +0.088 degrees, unloaded
Positional Accuracy

Resolver Accuracy: +15 arc minutes

Motor Brakes

Motor Data

Resolver-to-Digital Converter Accuracy: +8 arc minutes(For finer accuracies, contact
Compumotor—800-722-2282.)

Motor/Drive Compatibility

Different motors can take different amounts of current aqdire different tunig parameters
for typical loads. Th&€MTRConfigure Motor Type) command sets up a drive for a
particular motor. By issuinGMTRmotor current levels and default parameters are recalled
from memory. Do not exceed the current level specified for the motor, excessive current
levels will damage the motor.

The following information is provided in case you must modify the motor/drive
configuration. This command sequence will set up a drive for a particular motor size and
perform the commutation (refer to tt#X Indexer/Drive Software Reference Guider

more on these commands).

WARNING

This commutation procedure causes violent motor motion. All loads should be
removed from the motor shaft before you begin this procedure.

Command
>10FF

> 1CMTRXxx
> 10N

Description
Turns drive off

Sets drive for the motor; xxx = 805, 806, 810, 820, 830, or 840

Enables the drive

These brakes are mounted dirgdttehind the motor and come cpletely assembled from ¢
factory. When ordering the brake option, please specify the motor type.

Brake Characteristics

ZX805/806/810

ZX820/830/840

Units

Supply voltage

24

24

VvDC

Supply current

1

1

A

Static braking torque

1345

4956

0z-in

Dynamic braking torque

1133

3965

0z-in

Inertia

0.007

0.063

oz-in/sec

2

Build-up time

90

140

ms

Release time

60

80

ms

Mass

3.9

11

Ibs

Z800 Motor Brake Characteristics

The following pages provide data on each of the motor frame sizes of ZX800 series systems

(ZX805, X806, ZX810, ZX820, ZX830, ZX840). The data reflecting motor torque does not
assume operation from a ZX800 drive. The torque specifications reflect the motor’s

capabilities. In most cases, the motor windings match the drive’s output power with an
additional safety margin.
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Motor Size Z805 Value Units Tolerance

1 Constant (s): Torque 82.0 0z-in/A rms +10%

2 Voltage (Sinusoidal) 35.2 V rms/Krpm + 10%

3 Electrical Time 2.8 milliseconds nominal

4 Mechanical Time 2.3 milliseconds nominal

5 Thermal 41 minutes nominal

6 Torque (s): Continuous, Stall 357 0z-in min. [1]

7 Continuous, Stall 340 0z-in min. [2]

8 Continuous, Rated 340 0z-in min. [1]

9 Peak, Max w/o Saturation 1020 0z-in min. [1]

10 Static Friction — 0z-in max

11 Ripple (of Rated Torque) 6 percent max

12 | Speed: Rated 5300 rpm reference

13 Maximum 5300 rpm reference

14 Frequency: Rated 353 Hz max.

15 | Current: Rated 4.4 Arms max. [1]

16 Peak 13.2 Arms nominal

17 | Voltage: Rated 220 V rms reference

18 Max 240 V rms maximum

19 | Output Power: Rated 1.4 (1.9) kWatts (hp) min. [1]

20 Inductance: Terminal (line-line) 5.6 mH + 10%

21 DC Resistance Terminal (line-line) 2.0 Ohms +10% [1]

22 | Acceleration at Rated Torque 10900 rads/sec? Theoretical

23 Rotor Inertia 220 kgm? * 1E-6 nominal

24 Damping - 0z-in / krpm nominal

25 Weight 11.0 Ibs. max.

26 | Winding Temperature 150 °C (Celsius) max.

27 | Winding Temperature Rise (Above Ambient) [1] 125 °C (Celsius) reference

28 | Insulation Class F — reference

29 | Thermostat TRIP Temperature 145 °C (Celsius) +5°C

30 | Thermostat RESET Temperature 130 °C (Celsius) + 10°C

31 Dielectric Strength, (Winding-to-Frame) 1000 VAC min.

32 | Winding Capacitance to Frame - pF max.

33 IP Classification 54 rated standard

34 | Shaft: Radial-Play (front to back) 0.001 in/lb reference

35 Material [3] UNI 5332 — reference

36 Magnet Type SmCo — —

37 Loading [4] 1000 rpm 123 Ibs. max.
2000 rpm 101 Ibs. max.
3000 rpm 81 Ibs. max.
4000 rpm 74 Ibs. max.
5000 rpm 67 Ibs. max.

38 | Bearing Class, Internal/External 3/1 ABEC/AFBMA reference

39 Bearing Grease — Manufacturer reference

40 | Shaft Seal Pressure — kg/cm? (psi) max.

41 Basic Motor Design 3 phase wye connected 4 (P/2)

42 | Stator Phase Sequence A-B-C (CW viewed from front face plate)

43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 15 arc min.

44 | Resolver Manufacturer/Model # Clifton Precision JSMBH-21-K-3

45 | Standard Resolver Cable Part Number 71-011449-xx

46 | Standard Motor Cable Part Number 71-007200-xx

47 | Options: Brake—24VDC (1A)—1345 oz-in Holding Torque

IP65 Classification
Incremental Encoder
Tachometer

No Keyway

[1] 25 °C ambient

[2] 40 °C ambient
[3] Material 38 Ni Cr Mo 4

[4] Loads centered 1 inch from mounting flange
Life expectancy = 20000 hours

Z805 Motor Specifications
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Motor Size Z806 Value Units Tolerance
1 Constant (s): Torque 164.0 0z-in/A rms + 10%
2 Voltage (Sinusoidal) 70.4 V rms/Krpm +10%
3 Electrical Time 3.8 milliseconds nominal
4 Mechanical Time 1.3 milliseconds nominal
5 Thermal 40 minutes nominal
6 Torque (s): Continuous, Stall 714 0z-in min. [1]
7 Continuous, Stall 680 0z-in min. [2]
8 Continuous, Rated 680 0z-in min. [1]
9 Peak, Max w/o Saturation 2040 0z-in min. [1]
10 Static Friction — 0z-in max.
11 Ripple (of Rated Torque) 5 percent max.
12 | Speed: Rated 2600 rpm reference
Maximum 2600 rpm reference
14 Frequency Rated 173 Hz max.
15 | Current: Rated 4.4 Arms max. [1]
16 Peak 13.2 A rms nominal
17 | Voltage: Rated 220 V rms reference
18 Max. 240 V rms maximum
19 | Output Power: Rated 1.3(1.7) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 11.3 mH + 10%
21 | D.C. Resistance Terminal (line-line) 3.0 Ohms +10% [1]
22 | Acceleration at Rated Torque 13700 rads/sec? Theoretical
23 | Rotor Inertia 350 kgm? * 1E-6 nominal
24 Damping — 0z-in / krpm nominal
25 | Weight 155 Ibs. max.
26 | Winding Temperature 150 °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 125 °C (Celsius) reference
28 Insulation Class F — reference
29 | Thermostat TRIP Temperature 145 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 130 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1000 VAC min.
32 | Winding Capacitance to Frame — pF max.
33 IP Classification 54 rated standard
34 | Shaft: Radial-Play (front to back) 0.001 in/lb reference
35 Material [3] UNI 5332 — reference
36 Magnet Type SmCo — —
37 Loading [4] 1000 rpm 135 Ibs. max.
2000 rpm 105 Ibs. max.
3000 rpm 90 Ibs. max.
4000 rpm — Ibs. max.
5000 rpm — max.
38 Bearing Class, Internal/External 3/1 ABEC/AFBMA reference
39 Bearing Grease - Manufacturer reference
40 Shaft Seal Pressure - kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 4 (P/2)
42 | Stator Phase Sequence A-B-C (CW viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 15 arc min.
44 Resolver Manufacturer/Model # Clifton Precision JSMBH-21-K-3
45 Standard Resolver Cable Part Number 71-011449-xx
46 | Standard Motor Cable Part Number 71-007200-xx
47 | Options: Brake—24VDC (1A)—1345 oz-in Holding Torque

IP65 Classification
Incremental Encoder
Tachometer

No Keyway

[1] 25 °C ambient
[2] 40 °C ambient
[3] Material 38 Ni Cr Mo 4

[4] Loads centered 1 inch from mounting flange
Life expectancy = 20000 hours

Z806 Motor Specifications
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Motor Size Z810 Value Units Tolerance

1 Constant (s): Torque 74.0 0z-in/A rms +10%

2 Voltage () 31.7 V rms/Krpm + 10%

3 Electrical Time 8.5 milliseconds nominal

4 Mechanical Time 1.8 milliseconds nominal

5 Thermal 36 minutes nominal

6 Torque (s): Continuous, Stall 1086 0z-in min. [1]

7 Continuous, Stall 1034 0z-in min. [2]

8 Continuous, Rated 770 0z-in min. [1]

9 Peak, Max w/o Saturation 3100 0z-in min. [1]

10 Static Friction — 0z-in max.

11 Ripple (of Rated Torque) 15 percent max.

12 | Speed: Rated 6000 rpm reference

13 Maximum 6000 rpm reference

14 Frequency Rated 400 Hz max.

15 | Current: Rated 14.0 Arms max. [1]

16 Peak 42.0 Arms nominal

17 | Voltage: Rated 220 V rms reference

18 Max 240 V rms maximum

19 | Output Power: Rated 3.4 (4.5) kWatts (hp) min. [1]

20 Inductance: Terminal (line-line) 1.4 mH + 10%

21 D.C. Resistance Terminal (line-line) 0.6 Ohms +10% [1]

22 | Acceleration at Rated Torque 15200 rads/sec? Theoretical

23 Rotor Inertia 480 kgm? * 1E-6 nominal

24 Damping — 0z-in/krpm nominal

25 Weight 19.5 Ibs. max.

26 | Winding Temperature 150 °C (Celsius) max.

27 | Winding Temperature Rise (Above Ambient) [1] 125 °C (Celsius) reference

28 Insulation Class F — reference

29 | Thermostat TRIP Temperature 145 °C (Celsius) +5°C

30 | Thermostat RESET Temperature 130 °C (Celsius) +10°C

31 Dielectric Strength, (Winding-to-Frame) 1000 VAC min.

32 Winding Capacitance to Frame — uUF max.

33 IP Classification 54 rated standard

34 | Shaft: Radial-Play (front to back) 0.001 in/lb reference

35 Material [3] UNI 5332 — reference

36 Magnet Type SmCo — —

37 Loading [4] 1000 rpm 146 Ibs. max.
2000 rpm 112 Ibs. max.
3000 rpm 92 Ibs. max.
4000 rpm 85 Ibs. max.
5000 rpm 81 percent max.

38 Bearing Class, Internal/External 3/1 ABEC/AFBMA reference

39 Bearing Grease — Manufacturer reference

40 | Shaft Seal Pressure — kg/cm? (psi) max.

41 Basic Motor Design

3 phase wye connected 4 (P/2)

42 Stator Phase Sequence

A-B-C (CW viewed from front face plate)

43 Resolver Type/Accuracy

Single-Speed; Rotor-Excited; + 15 arc min.

44 Resolver Manufacturer/Model #

Clifton Precision JSMBH-21-K-3

45 Standard Resolver Cable Part Number

71-011449-xx

46 Standard Motor Cable Part Number

71-007130-xx

47 | Options:

Brake—24VDC (1A)—1345 0z-in

IP65 Classification
Incremental Encoder
Tachometer

No Keyway

Holding Torque

[1] 25 °C ambient
[2] 40 °C ambient
[3] Material 38 Ni Cr Mo 4

[4] Loads centered 1 inch from mounting flange
Life expectancy = 20000 hours

Z810 Motor Specifications
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Motor Size 7820 Value Units Tolerance

1 Constant (s): Torque 156.0 0z-in/A rms +10%

2 Voltage () 66.5 V rms/Krpm + 10%

3 Electrical Time 8.5 milliseconds nominal

4 Mechanical Time 1.8 milliseconds nominal

5 Thermal 63 minutes nominal

6 Torque (s): Continuous, Stall 2171 0z-in min. [1]

7 Continuous, Stall 2068 0z-in min. [2]

8 Continuous, Rated 1652 0z-in min. [1]

9 Peak, Max w/o Saturation 6200 0z-in min. [1]

10 Static Friction — 0z-in max.

11 Ripple (of Rated Torque) 3 percent max.

12 | Speed: Rated 2700 rpm reference

13 Maximum 2700 rpm reference

14 Frequency Rated 180 Hz max.

15 | Current: Rated 14.0 Arms max. [1]

16 Peak 42.0 Arms nominal

17 | Voltage: Rated 220 V rms reference

18 Max 240 V rms maximum

19 | Output Power: Rated 3.3(4.4) kWatts (hp) min. [1]

20 Inductance: Terminal (line-line) 5.1 mH + 10%

21 D.C. Resistance Terminal (line-line) 0.6 Ohms +10% [1]

22 | Acceleration at Rated Torque 7000 rads/sec? Theoretical

23 Rotor Inertia 2100 kgm? * 1E-6 nominal

24 Damping — 0z-in / krpm nominal

25 Weight 37.8 Ibs. max.

26 | Winding Temperature 150 °C (Celsius) max.

27 | Winding Temperature Rise (Above Ambient) [1] 125 °C (Celsius) reference

28 Insulation Class F — reference

29 | Thermostat TRIP Temperature 145 °C (Celsius) +5°C

30 | Thermostat RESET Temperature 130 °C (Celsius) +10°C

31 Dielectric Strength, (Winding-to-Frame) 1000 VAC min.

32 Winding Capacitance to Frame — uUF max.

33 IP Classification 54 rated standard

34 | Shaft: Radial-Play (front to back) 0.001 in/lb reference

35 Material [3] UNI 5332 — reference

36 Magnet Type SmCo — —

37 Loading [4] 1000 rpm 360 Ibs. max.
2000 rpm 281 Ibs. max.
3000 rpm 236 Ibs. max.
4000 rpm — Ibs. max.
5000 rpm — Ibs. max.

38 Bearing Class, Internal/External 3/1 ABEC/AFBMA reference

39 Bearing Grease — Manufacturer reference

40 | Shaft Seal Pressure — kg/cm? (psi) max.

41 Basic Motor Design

3 phase wye connected 4 (P/2)

42 | Stator Phase Sequence

A-B-C (CW viewed from front face plate)

43 Resolver Type/Accuracy

Single-Speed; Rotor-Excited; + 15 arc min.

44 Resolver Manufacturer/Model #

Clifton Precision JSMBH-21-K-3

45 Standard Resolver Cable Part Number

71-011449-xx

46 Standard Motor Cable Part Number

71-007130-xx

47 | Options:

Brake—24VDC (1.7A)—4956 oz-in Holding Torque

IP65 Classification
Incremental Encoder
Tachometer

No Keyway

[1] 25 °C ambient
[2] 40 °C ambient
[3] Material 38 Ni Cr Mo 4

[4] Loads centered 1 inch from mounting flange

Life expectancy = 20000 hours

Z820 Motor Specifications
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Motor Size Z830 Value Units Tolerance

1 Constant (s): Torque 234.0 0z-in/A rms +10%

2 Voltage () 990.8 V rms/Krpm + 10%

3 Electrical Time 9.6 milliseconds nominal

4 Mechanical Time 1.6 milliseconds nominal

5 Thermal 67 minutes nominal

6 Torque (s): Continuous, Stall 3271 0z-in min. [1]

7 Continuous, Stall 3115 0z-in min. [2]

8 Continuous, Rated 2554 0z-in min. [1]

9 Peak, Max w/o Saturation 9345 0z-in min. [1]

10 Static Friction — 0z-in max.

11 Ripple (of Rated Torque) 6 percent max.

12 | Speed: Rated 1800 rpm reference

13 Maximum 1800 rpm reference

14 Frequency Rated 120 Hz max.

15 | Current: Rated 14.0 Arms max. [1]

16 Peak 42.0 Arms nominal

17 | Voltage: Rated 220 V rms reference

18 Max 240 V rms maximum

19 | Output Power: Rated 3.4 (4.6) kWatts (hp) min. [1]

20 Inductance: Terminal (line-line) 7.7 mH + 10%

21 D.C. Resistance Terminal (line-line) 0.8 Ohms +10 % [1]

22 | Acceleration at Rated Torque 7200 rads/sec? Theoretical

23 Rotor Inertia 3050 kgm? * 1E-6 nominal

24 Damping — 0z-in / krpm nominal

25 Weight 48.0 Ibs. max.

26 | Winding Temperature 150 °C (Celsius) max.

27 | Winding Temperature Rise (Above Ambient) [1] 125 °C (Celsius) reference

28 Insulation Class F — reference

29 | Thermostat TRIP Temperature 145 °C (Celsius) +5°C

30 | Thermostat RESET Temperature 130 °C (Celsius) +10°C

31 Dielectric Strength, (Winding-to-Frame) 1000 VAC min.

32 Winding Capacitance to Frame — uUF max.

33 IP Classification 54 rated standard

34 | Shaft: Radial-Play (front to back) 0.001 in/lb reference

35 Material [3] UNI 5332 — reference

36 Magnet Type SmCo — max

37 Loading [4] 1000 rpm 370 Ibs. max
2000 rpm 281 Ibs. max
3000 rpm — Ibs. max
4000 rpm — Ibs. max
5000 rpm — Ibs. max

38 Bearing Class, Internal/External 3/1 ABEC/AFBMA reference

39 Bearing Grease — Manufacturer reference

40 | Shaft Seal Pressure — kg/cm? (psi) max.

41 Basic Motor Design 3 phase wye connected 4 (P/2)

42 | Stator Phase Sequence A-B-C (CW viewed from front face plate)

43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 15 arc min.

44 | Resolver Manufacturer/Model # Clifton Precision JSMBH-21-K-3

45 | Standard Resolver Cable Part Number 71-011449-xx

46 Standard Motor Cable Part Number 71-007130-xx

47 | Options: Brake—24VDC (1.7A)—4956 oz-in Holding Torque

IP65 Classification
Incremental Encoder
Tachometer

No Keyway

[1] 25 °C ambient
[2] 40 °C ambient
[3] Material 38 Ni Cr Mo 4

[4] Loads centered 1 inch from mounting flange
Life expectancy = 20000 hours

Z830 Motor Specifications
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Motor Size 7840 Value Units Tolerance
1 Constant (s): Torque 312.0 0z-in/A rms +10%
2 Voltage () 133.0 V rms/Krpm + 10%
3 Electrical Time 10.2 milliseconds nominal
4 Mechanical Time 1.4 milliseconds nominal
5 Thermal 68 minutes nominal
6 Torque (s): Continuous, Stall 4311 0z-in min. [1]
7 Continuous, Stall 4106 0z-in min. [2]
8 Continuous, Rated 3554 0z-in min. [1]
9 Peak, Max w/o Saturation 12318 0z-in min. [1]
10 Static Friction — 0z-in max.
11 Ripple (of Rated Torque) 8 percent max.
12 | Speed: Rated 1300 rpm reference
13 Maximum 1300 rpm reference
14 Frequency Rated 86.7 Hz max.
15 | Current: Rated 14.0 Arms max. [1]
16 Peak 42.0 Arms nominal
17 | Voltage: Rated 220 V rms reference
18 Maximum 240 V rms maximum
19 Output Power: Rated 3.54.7) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 10.2 mH + 10%
21 D.C. Resistance Terminal (line-line) 1.0 Ohms +10 % [1]
22 | Acceleration at Rated Torque 7500 rads/sec? Theoretical
23 Rotor Inertia 3850 kgm? * 1E-6 nominal
24 Damping - 0z-in / krpm nominal
25 | Weight 59.0 Ibs. max.
26 | Winding Temperature 150 °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 125 °C (Celsius) reference
28 Insulation Class F — reference
29 | Thermostat TRIP Temperature 145 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 130 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1000 VAC min.
32 Winding Capacitance to Frame — uUF max.
33 IP Classification 54 rated standard
34 | Shaft: Radial-Play (front to back) 0.001 in/lb reference
35 Material [3] UNI 5332 Ibs. maximum
36 Magnet Type SmCo Ibs. maximum
37 Loading [4] 1000 rpm 393 Ibs. maximum
2000 rpm — Ibs. maximum
3000 rpm — Ibs. maximum
4000 rpm — Ibs. maximum
5000 rpm — Ibs. maximum
38 Bearing Class, Internal/External 3/1 ABEC/AFBMA reference
39 Bearing Grease — Manufacturer reference
40 | Shaft Seal Pressure — kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 4 (P/2)
42 | Stator Phase Sequence A-B-C (CW viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 15 arc min.
44 | Resolver Manufacturer/Model # Clifton Precision JSMBH-21-K-3
45 | Standard Resolver Cable Part Number 71-011449-xx
46 Standard Motor Cable Part Number 71-007130-xx
47 | Options: Brake—24VDC (1.7A)—4956 oz-in Holding Torque
IP65 Classification
Incremental Encoder
Tachometer
No Keyway

[0 25°C ambient
OO 40 °C ambient
O Material 38 Ni Cr Mo 4

[l Loads centered 1 inch from mounting flange
Life Expectancy = 20000 hours

7840 Motor Specifications
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Speed/Torque Curves

The peed/togue curves below peesent available shaft tpre at differentgeeds. @eration at
120VAC and 240VAC is shown for each motor size. Actual motor torque may-4a#% due

to motor manufacturing variances. For operation from a 1-phase 120VAC, the output torque
stays relatively constant and the top-end speed falls off at the ratio of the input voltage (i.e., A
7810 operating at 240VAC has a rated speed of 6000 rpm; operating at 120VAC, it will have a
rated speed of 3000 rpmEontinuous Duty means steady state operation for drive ambient
temperatures of°C to 5CC. Intermittent Duty means operation for 3.3 seconds or less.
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Torque
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ZX900 Electrical Specifications

Input Power

Output Power

Electrical specifications for the ZX900 series drive's input and output power are provided in
this section.

Voltage (Nominal) 240VAC (1-phase or 3-phase)
Voltage (Range) 205-252 VAC (1 or 3-phase)
Frequency (Range) 47-66 Hz

Current (Max. cont.) 30A (rms) 3-phase

Power (Max. cont.) 12.4 KVA

Fuses 40A slow blow—User accessible
Isolation transformer Not required

The actual iput power and current is a function of thpepatirg point of the motor (geed and
torque) and the duty cycle. You can de-rate the fuse and the isolation transformer by scaling
the above numbers by your actual requirements. The data above reflects the servo motor and
drive operating at rated speed and at rated torque at 100% duty.

Voltage 405 VDC (maximum)
Frequency 0 - 400Hz fundamental (7 kHz PWM)
Current 40A continuois per phase sinusoidal (28.28 Arms) 80A per phase peak

(56.56 Arms)
Regen/power dump Optional accessory

Motor/Drive Configuration

The ZX900's hardware is pre-configured to control ZX900 series motors. The ZX900 series
drives only ZX900 series motors, the ZX800 series drives only Z800 motors, and ZX600 series
drives only ZX600 motorsBe sure that your drive type matches your motor type (Z600,

Z800, or Z900) If you have questions about the ZX Series motor/drive configuration, contact
your local Automation Technology Center (ATC) or distributor.

Technical Data ZX900 Series

Units ZX-910 | zZX-920 | ZX-930 | zX-940
Continuous Stall Torque (*+10%) | oz-in 2407 4263 5990 9021
Ib-in 150 266 374 564
Ib-ft 12.5 22.2 31.2 47.0
Nm 17.0 30.1 42.3 63.7
Peak Torque (*+10%) 0z-in 5205 8525 11980 18041
Ib-in 325 533 749 1128
Ib-ft 27 44 62 94
Nm 37 60 85 127
Rated Torque (*+10%) 0z-in 1939 3341 4830 7480
Ib-in 121 209 302 467
Ib-ft 10.1 17.4 25.2 39.0
Nm 13.7 23.6 34.1 52.8
Rated Power hp 9.6 10.4 11.0 11.1
kWatts 7.2 7.8 8.2 8.3
Rated Speed rpm 5000 3150 2300 1500
ps 83.3 52.5 38.3 25.0
Rated Current (line) A (rms) 27.2 27.7 28.3 28.3
Peak Current (3.3 seconds max) A (rms) 56.6 56.6 56.6 56.6
Max. Cont. AC input Current A (rms) 30 30 30 30
(3 phase 240VAC)
Rotor Inertia 2 50.79 111.21 166.21 459.48
0z-in (mgss) 0.132 0.288 0.431 1.190
0z-in-sec 92.9 2034 3040 8404
kg—m2 X 1E-6
Motor Weight Ibs 32 57 65 112
kg(f) 15 26 29 51
Shipping Weight Ibs 89 114 122 169
kg(f) 40 52 55 77

ZX900 Indexer/Drive Performance Specifications



Positional Repeatability

Repeatability: +0.088 degrees, unloaded
Positional Accuracy

Resolver Accuracy: £7 arc minutes

Resolver-to-Digital Converter Accuracy: +8 arc minutes(For finer accuracies,
contact Compumotor—800-358-9070.)

Motor/Drive Compatibility

Different motors can take different amounts of current and require different tuning parameters
for typical loads. Th€EMTRConfigure Motor Type) command sets up a drive for a
particular motor. By issuinGMTRmotor current levels and default parameters are recalled
from memory. Do not exceed the current level specified for the motor, excessive current
levels will damage the motor.

The following information is provided in case you must modify the motor/drive
configuration. This command sequence will set up a drive for a particular motor size and
perform the commutation (refer to th#X Indexer/Drive Software Reference Guide
for more on these commands).

WARNING

This commutation procedure causes violent motor motion. All loads should be
removed from the motor shaft before you begin this procedure.

Command Description

> 10FF Turns drive off

> 1CMTRxxx Sets drive for the motor; xxx =910, 920, 930, or 940
> 10N Enables the drive

Motor Brakes

These brakes are mounted directly behind the motor and come completely assembled from the
factory. When ordering the brake option, please specify the motor type.

Brake Characteristics 7910 | z920/930 | Z940 | units |
Supply voltage 24 24 24 vDC
Supply current 0.93 1.27 * A

Static braking torque 1152 6720 * 0z-in

*Same as Z920/930 Characteristics
Z900 Motor Brake Characteristics

Motor Data

The following pages provide data on each of the four motor frame sizes of ZX900 series
systems (ZX910, ZX920, ZX930, ZX940). The data reflecting motor torque does not assume
operation from a ZX900 drive. The torque specifications reflect the motor’s capabilities. In
most cases, the motor windings match the drive’s output power with an additional safety
margin.



Motor Size Z910 Value Units Tolerance
1 Constant (s): Torque 88.32 0z-in/A rms +10%
2 Voltage (Sinusoidal) 26.7 V rms/Krpm +10%
3 Electrical Time 24 milliseconds nominal
4 Mechanical Time 0.672 milliseconds nominal
5 Thermal 43 minutes nominal
6 Torque (s): Continuous, Stall 2544 0z-in min. [1]
7 Continuous, Stall 2400 0z-in min. [2]
8 Continuous, Rated 1939 0z-in min. [2]
9 Peak, Max w/o Saturation 6835 0z-in min. [1]
10 Static Friction 40.7 0z-in max
11 Ripple (of Rated Torque) 4.5 percent max [3]
12 | Speed: Rated 5000 rpm reference
13 Maximum 5000 rpm reference
14 | Frequency: Rated 166.6 Hz max.
15 | Current: Rated 27.2 Arms max. [1]
16 Peak 81.4 Arms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 Output Power: Rated 7.2 (9.6) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 4.8 mH +30%
21 DC Resistance Terminal (line-line) 0.2 Ohms +10% [1]
22 | Acceleration at Rated Torque 51971 rads/sec? Theoretical
23 | Rotor Inertia 929 kgm? * 1E-6 nominal
24 Damping 1.728 0z-in / krpm nominal
25 Weight 32 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 135 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance to Frame 0.00205 pF max.
33 IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (front to back) 2E-5/7E-6 in/lb reference
35 Material [3] EC#30 — reference
36 Magnet Type NbFeB — —
37 Loading [4] 1000 rpm 160 Ibs. max.[7]
2000 rpm 127.1 Ibs. max.[7]
3000 rpm 110.9 Ibs. max.[7]
4000 rpm 100.8 Ibs. max.[7]
5000 rpm 93.3 Ibs. max.[7]
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI#2 Manufacturer reference
40 | Shaft Seal Pressure 0.21 (3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 2 (P/2)
42 | Stator Phase Sequence A-B-C (CW viewed from front face plate)
43 Resolver Type/Accuracy 0z-in/A rms +7 arc min.
44 | Resolver Manufacturer/Model # Facso #21-BRCX-334-J39
45 | Standard Resolver Cable Part Number 71-011776-xx
46 | Standard Motor Cable Part Number 71-011776-xx
47 | Options: Brake—24VDC (1A)—1152 oz-in Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25 °C ambient [6] Rotor steel is rated af fatigue proof
[2] 40 °C ambient [6] Loads centered 1 inch from mounting flange

[3] Measured at 60 rpm (1 rps) in velocity mode
[4] Rated for 20,000 hours or 40,000 hours @ 155°C

Loads may be radial and axial such that the sum of the radial and two
times the axial does not exceed this figure.
[8] The motor shaft is IP30 rated.

Z805 Motor Specifications




Motor Size Z920 Value Units Tolerance
1 Constant (s): Torque 154.2 0z-in/A rms + 10%
2 Voltage (Sinusoidal) 46.6 V rms/Krpm +10%
3 Electrical Time 26.9 milliseconds nominal
4 Mechanical Time 0.6 milliseconds nominal
5 Thermal 46 minutes nominal
6 Torque (s): Continuous, Stall 4518 0z-in min. [1]
7 Continuous, Stall 4262 0z-in min. [2]
8 Continuous, Rated 3341 0z-in min. [2]
9 Peak, Max w/o Saturation 12422 0z-in min. [1]
10 Static Friction 65 0z-in max
11 Ripple (of Rated Torque) 4.5 percent max [3]
12 | Speed: Rated 3150 rpm reference
13 Maximum 3150 rpm reference
14 Frequency: Rated 157.5 Hz max.
15 | Current: Rated 27.7 Arms max. [1]
16 Peak 84.8 A rms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 7.7 (10.4) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 6.3 mH + 30%
21 DC Resistance Terminal (line-line) 0.234 Ohms +10% [1]
22 | Acceleration at Rated Torque 43133 rads/sec? Theoretical
23 Rotor Inertia 2034 kgm? * 1E-6 nominal
24 Damping 15.36 0z-in / krpm nominal
25 | Weight 51 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance to Frame 0.00034 pE max.
33 IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (front to back) 2E-5/7E-6 in/lb reference
35 Material [3] RC#30 — reference
36 Magnet Type NbFeB — —
37 Loading [4] 1000 rpm 255.6 Ibs. max.[7]
2000 rpm 202.9 Ibs. max.[7]
3000 rpm 177.2 Ibs. max.[7]
4000 rpm N/A Ibs. max.[7]
5000 rpm N/A Ibs. max.[7]
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI#2 Manufacturer reference
40 | Shaft Seal Pressure 0.21(3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 3 (P/2)
42 | Stator Phase Sequence A-B-C (viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited;+7 arc min.
44 Resolver Manufacturer/Model # Facso #21-BRCX-335-J39
45 Standard Resolver Cable Part Number 71-011777-xX
46 Standard Motor Cable Part Number 71-011777-xX
47 | Options: Brake—24VDC (1.27A)—6720 oz-in Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25 °C ambient [5] Rotor steel is rated af fatigue proof
[2] 40 °C ambient Loads centered 1 inch from mounting flange

Measured at 60 rpm (1 rps) in velocity mode
Rated for 20,000 hours or 40,000 hours @ 155°C

[6]
[7]

[8l

Loads may be radial and axial such that the sum of the radial and two
times the axial does not exceed this figure.
The motor shatt is IP30 rated.




Z805 Motor Specifications



Motor Size Z930 Value Units Tolerance
1 Constant (s): Torque 212 0z-in/A rms +10%
2 Voltage () 64 V rms/Krpm +10%
3 Electrical Time 31.1 milliseconds nominal
4 Mechanical Time 0.53 milliseconds nominal
5 Thermal 50 minutes nominal
6 Torque (s): Continuous, Stall 6513 0z-in min. [1]
7 Continuous, Stall 6144 0z-in min. [2]
8 Continuous, Rated 4954 0z-in min. [1]
9 Peak, Max w/o Saturation 17357 0z-in min. [1]
10 Static Friction 133.2 0z-in max.
11 Ripple (of Rated Torque) 4.5 percent max.
12 | Speed: Rated 2300 rpm reference
13 Maximum 2300 rpm reference
14 Frequency Rated 115 Hz max.
15 | Current: Rated 29 Arms max. [1]
16 Peak 86.2 Arms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 8.4 (11.3) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 8.1 mH +10%
21 D.C. Resistance Terminal (line-line) 0.26 Ohms +10% [1]
22 | Acceleration at Rated Torque 40357 rads/sec? Theoretical
23 Rotor Inertia 3040 kgm? * 1E-6 nominal
24 Damping 2.88 oz-in/krpm nominal
25 | Weight 65 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance to Frame 0.0038 pE max.
33 IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (front to back) 2E-5/7E-6 in/lb reference
35 Material [3] RC#30 — reference
36 Magnet Type NbFeB — —
37 Loading [4] 1000 rpm 263 Ibs. max.
2000 rpm 208.8 Ibs. max.
3000 rpm N/A Ibs. max.
4000 rpm N/A Ibs. max.
5000 rpm N/A percent max.
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI#2 Manufacturer reference
40 | Shaft Seal Pressure 0.21(3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 2 (P/2)
42 | Stator Phase Sequence A-B-C (CW viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.
44 Resolver Manufacturer/Model # Fasco #21-BRCX-335-J39
45 Standard Resolver Cable Part Number 71-011777-01
46 Standard Motor Cable Part Number 71-012979-01
47 | Options: Brake—24VDC (1.27A)—6720 oz-in Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25 °C ambient [5] Rotor steel is rated af fatigue proof
[2] 40 °C ambient [6] Loads centered 1 inch from mounting flange
[38] Measured at 60 rpm (1 rps) in velocity mode [7] Loads may be radial and axial such that the sum of the radial and two

Rated for 20,000 hours or 40,000 hours @ 155°C

[8l

times the axial does not exceed this figure.
The motor shaft is IP30 rated.




Z810 Motor Specifications



Motor Size Z940 Value Units Tolerance
1 Constant (s): Torque 319 0z-in/A rms +10%
2 Voltage () 96.3 V rms/Krpm +10%
3 Electrical Time 56.5 milliseconds nominal
4 Mechanical Time 0.57 milliseconds nominal
5 Thermal 56 minutes nominal
6 Torque (s): Continuous, Stall 12007 0z-in min. [1]
7 Continuous, Stall 11328 0z-in min. [2]
8 Continuous, Rated 9388 0z-in min. [2]
9 Peak, Max w/o Saturation 32870 0z-in min. [1]
10 Static Friction 128.6 0z-in max.
11 Ripple (of Rated Torque) 4.5 percent max.[3]
12 | Speed: Rated 1500 rpm reference
13 Maximum 1500 rpm reference
14 Frequency Rated 75 Hz max.
15 | Current: Rated 35.5 Arms max. [1]
16 Peak 108.5 Arms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 10.4 (14.0) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 13 mH +10%
21 D.C. Resistance Terminal (line-line) 0.23 Ohms +10% [1]
22 | Acceleration at Rated Torque 27613 rads/sec? Theoretical
23 Rotor Inertia 8400 kgm? * 1E-6 nominal
24 Damping 15.36 0z-in / krpm nominal
25 Weight 112 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 | Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance to Frame 0.0082 pF max.
33 IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (front to back) 1E-5/4E-6 in/lb reference
35 Material [3] RC#3 — reference
36 Magnet Type NbFeB — —
37 Loading [4] 1000 rpm 365.9 Ibs. max.
2000 rpm N/A Ibs. max.
3000 rpm N/A Ibs. max.
4000 rpm N/A Ibs. max.
5000 rpm N/A Ibs. max.
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI#2 Manufacturer reference
40 | Shaft Seal Pressure 0.21(3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 3 (P/2) \
42 | Stator Phase Sequence A-B-C (CW viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.
44 Resolver Manufacturer/Model # Faxco #21-BRCX-335-J39
45 Standard Resolver Cable Part Number 71-011777-01
46 Standard Motor Cable Part Number 71-012979-01
47 | Options: Brake—24VDC (1.27A)—6816 o0z-in Holding Torque
IP65 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25 °C ambient [5] Rotor steel is rated af fatigue proof
[2] 40 °C ambient Loads centered 1 inch from mounting flange

Measured at 60 rpm (1 rps) in velocity mode
Rated for 20,000 hours or 40,000 hours @ 155°C

[6]
[7]

[8l

Loads may be radial and axial such that the sum of the radial and two
times the axial does not exceed this figure.
The motor shatt is IP30 rated.
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Speed/Torque Curves

The following speed/torque curves represent the available shaft torque at different operating
speeds. Operation at 240VAC is shown for each motor size. Actual motor torque may vary
+10% due to motor manufacturing variances.
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I/O Data & Descriptions

This section defines the inputs and ouputs that are on the ZX’s front panel. Refer to the
figure below for the location of the inputs and outputs described in this section.

ZX Drive ZX Drive with Following

Compumotor Compumotor

5
E
I
=

BRUSHLESS

BRUSHLESS

SERVO DRIVE SERVO DRIVE

000000000

IOOOOOOOOOOOOOOOOOO 0000000000 I
IOOOOOOOOOOOOOOOOOO 0000000000 I

PHASE 1 @ PHASE 1 @
240 VAC PHASE 2 240 VAC PHASE 2
O rower Sok0 s PrsE| 2y O rower s PrAse3| 2
O CPU READY EARTH O CPU READY EARTH
O FAULT 10 [2] O FAULT 10 [2]
12 3 4567 8 9 10111213 12 3 45 67 8 9 10111213
MOTOR MOTOR
(oﬁe) (BEU) (G%Y) ?éELT (O/I;G) (BEU) (GCRY) E(GAEL;'
[ @ @ @] [ @ @ @]
ZX & ZXF Front Panels
Pin # Function Color
1 Shield —
2 Stator 1 Red
3 Stator 2 Black
4 Stator 3 Green
5 Stator 4 Blue
6 Rotor 1 Brown
7 Rotor 2 White
8 Motor Temp (+) Yellow
9 Motor Temp (-) Orange
Resolver Cable Pin-Out
Motor Connector Pin Color
A Orange
B Blue
C Grey
D Green

Motor Cable Pin-Out

Programmable
Inputs

There are 7 inputs, one 1/O ground, and one earth ground pin associatBR@ith

INPUTS. The first three inputs al@CWCW andHM These inputs are electronically
identical tooinputdl -117 . The primary difference between these inputs is@E\MY
CWandHMare dedicated inputs, whilé -117 have programmable input functions. These



inputs have an internal isolated 5V supply. The figure below represents a typical input
circuit. Input Voltage: 0 - 24VDC (Current limiting resistor not needed).

Programmable

Outputs
The ZX has four programmable outputs that are jumpered at the factory and pulled up to
5VDC through an internal 10K resistor. With the VOUT input, you can pull these outputs
up to 24VDC and sink up to 30 mA (max).
Helpful Hint :

Output: 5 - 25V and
can sink up to 30 mA

Typical Output Circuit m_._m
- | ] Jumper is factory-set.
| Remove it before applying
1N5818
R

voltage to VOUT.
1K :
|

01-04
191 - 04 | 30ma Maximum Current
: 24V Maximum Voltage

|
|
|
Typical Input Circuit 22K :
|

I1-17, CW, CCW, HM

T Logic High =2.5V - 24V
5

1K | Logic Low = <0.5V
: Do not wire external resistors for input connections.

Typical Model Input & Output Circuit

INC Encoder
The ZXF's Incremental encoder connector is a 13-pin phoenix connector. The incremental
encoder interface accepts two-phase quadrature incremental encoders with differential or single-
ended outputs (+5V TTL-compatible). The ZX provides the 5VDC at 500 mA supply for the
encoder. The maximum frequency per channel is 800Khz.
Helpful Hint :
The ZXF does not use
the Z Channel

Compumotor

5

Incremental
Encoder

BRUSHLESS
SERVO DRIVE

799999999

o
o
o
o
o
o
o
o
o

5V Maximum = 500 mA

‘OOOOOOOOOOOOOO OOOOOOOOOOOOOO‘

Do not connect the CHZ+ and CHZ-
inputs to the encoder. The ZX-F does not
support the CHZ inputs.

Incremenal Encoder Connector Description



RS-232C

You can communicate with the ZX via a computer or terminal through RS-232C inputs.
You must wire the Tx (Transmit), Rx (Receive), and GND (Logic Ground) inputs as shown
in the figure below. The ZX accepts standard EIA RS-232C signals from +15VDC to -
15VDC. You can change the baud rate, but the other parameters are fixed. You must
configure your computer or terminal to the proper setting.

Compumotor

S
E

Rx

N . _EE
(HHNRRFEERRRRRRARORR AR

BRUSHLESS
SERVO DRIVE

0000000 00006660000 |

ZX RS-232C Interface

Factory Default Settings

This section contains the default settings for various ZX/ZXF functions. Your product will
be shipped to you with these default settings.

RS-232C Communications
O Baud Rates: 9600 (default setting), 4800, 2400, 1200, 600, 300
O Data Bits: 8
O Parity: None
O Stop Bits: 1
O Full Duplex

ZX Device Address

The default address settingds Refer toChapterJ] Getting Startedor steps on displaying
and modifying the address setting via pushbuttons.

Hardware Interfaces

Front panel pushbuttons are enabled

Sequence and Ratio Select are disabled

RS-232C is enabled

Inputs active low and configured as triggers, with dedicated home, CW, and CCW limits
Outputs active low, configured as programmable outputs

O oOoood

Limits
Hardware limits enabled
Software limits disabled

O O

Motion Parameters

Acceleration = 10 rgs
Deceleration = 10 rps
Velocity = 1 rps

Motor Resolution = 5,000
Distance = 25,000

Encoder Resoultion = 4,000

O0Ooooogdg



a Use the DR command to display the present configuration of the ZX



ZX900 Electrical Specifications

Input Power

Output Power

Electrical specifications for the ZX900 series drive's input and output power are provided in
this section.

Voltage (Nominal) 240VAC (1-phase or 3-phase)
Voltage (Range) 205-252 VAC (1 or 3-phase)
Frequency (Range) 47-66 Hz

Current (Max. cont.) 30A (rms) 3-phase

Power (Max. cont.) 12.4 KVA

Fuses 40A slow blow—User accessible
Isolation transformer Not required

The actual iput power and current is a function of thperatirg point of the motor (geed and
torque) and the duty cycle. You can de-rate the fuse and the isolation transformer by scaling
the above numbers by your actual requirements. The data above reflects the servo motor and
drive operating at rated speed and at rated torque at 100% duty.

Voltage 405 VDC (maximum)
Frequency 0 - 400Hz fundamental (7 kHz PWM)
Current 40A continuois per phase sinusoidal (28.28 Arms) 80A per phase peak

(56.56 Arms)
Regen/power dump Optional accessory

Motor/Drive Configuration

The ZX900's hardware is pre-configured to control ZX900 series motors. The ZX900 series
drives only ZX900 series motors, the ZX800 series drives only Z800 motors, and ZX600 series
drives only ZX600 motorsBe sure that your drive type matches your motor type (Z600,

Z800, or Z900) If you have questions about the ZX Series motor/drive configuration, contact
your local Automation Technology Center (ATC) or distributor.

Technical Data ZX900 Series

Units ZX-910 | ZX-920 | ZX-930 | ZX-940
Continuous Stall Torque (*+10%) | oz-in 2407 4263 5990 9021
Ib-in 150 266 374 564
Ib-ft 12.5 22.2 31.2 47.0
Nm 17.0 30.1 42.3 63.7
Peak Torque (*+10%) 0z-in 5205 8525 11980 18041
Ib-in 325 533 749 1128
Ib-ft 27 44 62 94
Nm 37 60 85 127
Rated Torque (*+10%) 0z-in 1939 3341 4830 7480
Ib-in 121 209 302 467
Ib-ft 10.1 17.4 25.2 39.0
Nm 13.7 23.6 34.1 52.8
Rated Power hp 9.6 10.4 11.0 11.1
kWatts 7.2 7.8 8.2 8.3
Rated Speed rpm 5000 3150 2300 1500
rps 83.3 52.5 38.3 25.0
Rated Current (line) A (rms) 27.2 27.7 28.3 28.3
Peak Current (3.3 seconds max) | A (rms) 56.6 56.6 56.6 56.6
Max. Cont. AC input Current A (rms) 30 30 30 30
(3 phase 240VAC)
Rotor Inertia 02 50.79 111.21 166.21 459.48
ozin® (mass) | 513> | 0288 | 0431 | 1.190
0z-In-sec 92.9 2034 3040 8404
kg-m2 x 1E-6
Motor Weight Ibs 32 57 65 112
kg(f) 15 26 29 51
Shipping Weight Ibs 89 114 122 169
kg(f) 40 52 55 77

ZX900 Indexer/Drive Performance Specifications
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Positional Repeatability
Repeatability: +0.088 degrees, unloaded

Positional Accuracy

Resolver Accuracy: £7 arc minutes

Resolver-to-Digital Converter Accuracy: +8 arc minutes(For finer accuracies,
contact Compumotor—800-358-9070.)

Motor/Drive Compatibility

Different motors can take different amounts of current and require different tuning parameters
for typical loads. Th€EMTRConfigure Motor Type) command sets up a drive for a
particular motor. By issuinGMTRmotor current levels and default parameters are recalled
from memory. Do not exceed the current level specified for the motor, excessive current
levels will damage the motor.

The following information is provided in case you must modify the motor/drive
configuration. This command sequence will set up a drive for a particular motor size and
perform the commutation (refer to tiEX Indexer/Drive Software Reference Guide
for more on these commands).

WARNING

This commutation procedure causes violent motor motion. All loads should be
removed from the motor shaft before you begin this procedure.

Command Description

> 10FF Turns drive off

> 1CMTRxxx Sets drive for the motor; xxx =910, 920, 930, or 940
> 10N Enables the drive

Motor Brakes

These brakes are mounted directly behind the motor and come completely assembled from the
factory. When ordering the brake option, please specify the motor type.

Brake Characteristics 7910 ‘ 7920/930 ‘ 7940 ‘ Units ‘
Supply voltage 24 24 24 vDC
Supply current 0.93 1.27 * A

Static braking torque 1152 6720 * 0z-in

*Same as Z920/930 Characteristics
2900 Motor Brake Characteristics

Motor Data

The following pages provide data on each of the four motor frame sizes of ZX900 series
systems (ZX910, ZX920, ZX930, ZX940). The data reflecting motor torque does not assume
operation from a ZX900 drive. The torque specifications reflect the motor’s capabilities. In
most cases, the motor windings match the drive’s output power with an additional safety
margin.
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Motor Size Z910 Value Units Tolerance
1 Constant (s): Torque 88.32 0z-in/A rms +10%
2 Voltage (Sinusoidal) 26.7 V rms/Krpm +10%
3 Electrical Time 24 milliseconds nominal
4 Mechanical Time 0.672 milliseconds nominal
5 Thermal 43 minutes nominal
6 Torque (s): Continuous, Stall 2544 0z-in min. [1]
7 Continuous, Stall 2400 0z-in min. [2]
8 Continuous, Rated 1939 0z-in min. [2]
9 Peak, Max w/o Saturation 6835 0z-in min. [1]
10 Static Friction 40.7 0z-in max
11 Ripple (of Rated Torque) 4.5 percent max [3]
12 | Speed: Rated 5000 rpm reference
13 Maximum 5000 rpm reference
14 Frequency: Rated 166.6 Hz max.
15 | Current: Rated 27.2 Arms max. [1]
16 Peak 81.4 Arms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 7.2 (9.6) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 4.8 mH + 30%
21 | DC Resistance Terminal (line-line) 0.2 Ohms +10% [1]
22 | Acceleration at Rated Torque 51971 rads/sec? Theoretical
23 | Rotor Inertia 929 kgm? * 1E-6 nominal
24 Damping 1.728 0z-in / krpm nominal
25 | Weight 32 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 135 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance to Frame 0.00205 pE max.
33 | IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (front to back) 2E-5/7E-6 in/lb reference
35 Material [3] EC#30 — reference
36 Magnet Type NbFeB — —
37 Loading [4] 1000 rpm 160 Ibs. max.[7]
2000 rpm 127.1 Ibs. max.[7]
3000 rpm 110.9 Ibs. max.[7]
4000 rpm 100.8 Ibs. max.[7]
5000 rpm 93.3 Ibs. max.[7]
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI#2 Manufacturer reference
40 | Shaft Seal Pressure 0.21(3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 2 (P/2)
42 | Stator Phase Sequence A-B-C (CW viewed from front face plate)
43 Resolver Type/Accuracy 0z-in/A rms +7 arc min.
44 | Resolver Manufacturer/Model # Facso #21-BRCX-334-J39
45 | Standard Resolver Cable Part Number 71-011776-xx
46 Standard Motor Cable Part Number 71-011776-xX
47 | Options: Brake—24VDC (1A)—1152 oz-in Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25 °C ambient [5] Rotor steel is rated af fatigue proof
[2] 40 °C ambient Loads centered 1 inch from mounting flange

Measured at 60 rpm (1 rps) in velocity mode
Rated for 20,000 hours or 40,000 hours @ 155°C

[6]
7

[8

Loads may be radial and axial such that the sum of the radial and two
times the axial does not exceed this figure.
The motor shaft is IP30 rated.

Z805 Motor Specifications
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Motor Size 7920 Value Units Tolerance
1 Constant (s): Torque 154.2 0z-in/A rms +10%
2 Voltage (Sinusoidal) 46.6 V rms/Krpm + 10%
3 Electrical Time 26.9 milliseconds nominal
4 Mechanical Time 0.6 milliseconds nominal
5 Thermal 46 minutes nominal
6 Torque (S): Continuous, Stall 4518 0z-in min. [1]
7 Continuous, Stall 4262 0z-in min. [2]
8 Continuous, Rated 3341 0z-in min. [2]
9 Peak, Max w/o Saturation 12422 0z-in min. [1]
10 Static Friction 65 0z-in max
11 Ripple (of Rated Torque) 4.5 percent max [3]
12 | Speed: Rated 3150 rpm reference
13 Maximum 3150 rpm reference
14 | Frequency: Rated 157.5 Hz max.
15 | Current: Rated 27.7 Arms max. [1]
16 Peak 84.8 Arms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 7.7 (10.4) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 6.3 mH +30%
21 DC Resistance Terminal (line-line) 0.234 Ohms +10% [1]
22 | Acceleration at Rated Torque 43133 rads/sec? Theoretical
23 Rotor Inertia 2034 kgm? * 1E-6 nominal
24 | Damping 15.36 0z-in / krpm nominal
25 | Weight 51 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance to Frame 0.00034 uF max.
33 IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (front to back) 2E-5/7E-6 in/lb reference
35 Material [3] RC#30 — reference
36 Magnet Type NbFeB — —
37 Loading [4] 1000 rpm 255.6 Ibs. max.[7]
2000 rpm 202.9 Ibs. max.[7]
3000 rpm 177.2 Ibs. max.[7]
4000 rpm N/A Ibs. max.[7]
5000 rpm N/A Ibs. max.[7]
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI#2 Manufacturer reference
40 | Shaft Seal Pressure 0.21 (3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 3 (P/2)
42 Stator Phase Sequence A-B-C (viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited;+7 arc min.
44 Resolver Manufacturer/Model # Facso #21-BRCX-335-J39
45 | Standard Resolver Cable Part Number 71-011777-xx
46 | Standard Motor Cable Part Number 71-011777-xx
47 | Options: Brake—24VDC (1.27A)—6720 oz-in Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25 °C ambient [5] Rotor steel is rated af fatigue proof
[2] 40 °C ambient [6] Loads centered 1 inch from mounting flange
[8] Measured at 60 rpm (1 rps) in velocity mode [7] Loads may be radial and axial such that the sum of the radial and two

Rated for 20,000 hours or 40,000 hours @ 155°C

(8]

times the axial does not exceed this figure.
The motor shatft is IP30 rated.

Z805 Motor Specifications
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Motor Size Z930 Value Units Tolerance
1 Constant (s): Torque 212 0z-in/A rms +10%
2 Voltage () 64 V rms/Krpm +10%
3 Electrical Time 31.1 milliseconds nominal
4 Mechanical Time 0.53 milliseconds nominal
5 Thermal 50 minutes nominal
6 Torque (s): Continuous, Stall 6513 0z-in min. [1]
7 Continuous, Stall 6144 0z-in min. [2]
8 Continuous, Rated 4954 0z-in min. [1]
9 Peak, Max w/o Saturation 17357 0z-in min. [1]
10 Static Friction 133.2 0z-in max.
11 Ripple (of Rated Torque) 4.5 percent max.
12 | Speed: Rated 2300 rpm reference
13 Maximum 2300 rpm reference
14 | Frequency Rated 115 Hz max.
15 | Current: Rated 29 Arms max. [1]
16 Peak 86.2 Arms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 8.4 (11.3) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 8.1 mH +10%
21 D.C. Resistance Terminal (line-line) 0.26 Ohms +10% [1]
22 | Acceleration at Rated Torque 40357 rads/sec? Theoretical
23 Rotor Inertia 3040 kgm? * 1E-6 nominal
24 | Damping 2.88 0z-in/krpm nominal
25 | Weight 65 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance to Frame 0.0038 uF max.
33 IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (front to back) 2E-5/7E-6 in/lb reference
35 Material [3] RC#30 — reference
36 Magnet Type NbFeB — —
37 Loading [4] 1000 rpm 263 Ibs. max.
2000 rpm 208.8 Ibs. max.
3000 rpm N/A Ibs. max.
4000 rpm N/A Ibs. max.
5000 rpm N/A percent max.
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI#2 Manufacturer reference
40 | Shaft Seal Pressure 0.21(3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 2 (P/2)
42 | Stator Phase Sequence A-B-C (CW viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.
44 | Resolver Manufacturer/Model # Fasco #21-BRCX-335-J39
45 | Standard Resolver Cable Part Number 71-011777-01
46 | Standard Motor Cable Part Number 71-012979-01
47 | Options: Brake—24VDC (1.27A)—6720 oz-in Holding Torque
IP67 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25 °C ambient [5] Rotor steel is rated af fatigue proof
[2] 40 °C ambient [6] Loads centered 1 inch from mounting flange

[38] Measured at 60 rpm (1 rps) in velocity mode
[4] Rated for 20,000 hours or 40,000 hours @ 155°C

(8]

Loads may be radial and axial such that the sum of the radial and two

times the axial does not exceed this figure.
The motor shaft is IP30 rated.

Z810 Motor Specifications
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Motor Size 7940 Value Units Tolerance
1 Constant (s): Torque 319 0z-in/A rms +10%
2 Voltage () 96.3 V rms/Krpm +10%
3 Electrical Time 56.5 milliseconds nominal
4 Mechanical Time 0.57 milliseconds nominal
5 Thermal 56 minutes nominal
6 Torque (s): Continuous, Stall 12007 0z-in min. [1]
7 Continuous, Stall 11328 0z-in min. [2]
8 Continuous, Rated 9388 0z-in min. [2]
9 Peak, Max w/o Saturation 32870 0z-in min. [1]
10 Static Friction 128.6 0z-in max.
11 Ripple (of Rated Torque) 4.5 percent max.[3]
12 | Speed: Rated 1500 rpm reference
13 Maximum 1500 rpm reference
14 | Frequency Rated 75 Hz max.
15 | Current: Rated 35.5 Arms max. [1]
16 Peak 108.5 Arms nominal
17 | Voltage: Rated 230 V rms reference
18 Max 250 V rms maximum
19 | Output Power: Rated 10.4 (14.0) kWatts (hp) min. [1]
20 Inductance: Terminal (line-line) 13 mH +10%
21 D.C. Resistance Terminal (line-line) 0.23 Ohms +10% [1]
22 | Acceleration at Rated Torque 27613 rads/sec? Theoretical
23 Rotor Inertia 8400 kgm? * 1E-6 nominal
24 Damping 15.36 0z-in / krpm nominal
25 | Weight 112 Ibs. max.
26 | Winding Temperature 170 [4] °C (Celsius) max.
27 | Winding Temperature Rise (Above Ambient) [1] 145 °C (Celsius) reference
28 Insulation Class H — reference
29 | Thermostat TRIP Temperature 170 °C (Celsius) +5°C
30 | Thermostat RESET Temperature 135 °C (Celsius) +10°C
31 Dielectric Strength, (Winding-to-Frame) 1750 VAC min.
32 | Winding Capacitance to Frame 0.0082 pF max.
33 IP Classification 65 (Shaft [8]) | rated standard
34 | Shaft: Radial-Play (front to back) 1E-5/4E-6 in/lb reference
35 Material [3] RC#3 — reference
36 Magnet Type NbFeB — —
37 Loading [4] 1000 rpm 365.9 Ibs. max.
2000 rpm N/A Ibs. max.
3000 rpm N/A Ibs. max.
4000 rpm N/A Ibs. max.
5000 rpm N/A Ibs. max.
38 Bearing Class, Internal/External 1/Class 3 ABEC/AFBMA reference
39 Bearing Grease SRI#2 Manufacturer reference
40 | Shaft Seal Pressure 0.21 (3) kg/cm? (psi) max.
41 Basic Motor Design 3 phase wye connected 3 (P/2) \
42 Stator Phase Sequence A-B-C (CW viewed from front face plate)
43 Resolver Type/Accuracy Single-Speed; Rotor-Excited; + 7 arc min.
44 Resolver Manufacturer/Model # Faxco #21-BRCX-335-J39
45 | Standard Resolver Cable Part Number 71-011777-01
46 | Standard Motor Cable Part Number 71-012979-01
47 | Options: Brake—24VDC (1.27A)—6816 oz-in Holding Torque
IP65 Classification
Incremental Encoder
Tachometer
No Keyway
[1] 25 °C ambient [5] Rotor steel is rated af fatigue proof
[2] 40 °C ambient [6] Loads centered 1 inch from mounting flange
[8] Measured at 60 rpm (1 rps) in velocity mode [7] Loads may be radial and axial such that the sum of the radial and two

[4] Rated for 20,000 hours or 40,000 hours @ 155°C times the axial does not exceed this figure.

[8] The motor shaft is IP30 rated.

Z820 Motor Specifications
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Speed/Torque Curves

The following speed/torque curves represent the available shaft torque at different operating
speeds. Operation at 240VAC is shown for each motor size. Actual motor torque may vary
+10% due to motor manufacturing variances.

Torque 7910 at 240VAC Torque 7920 at 240VAC
(0z-in) (0z-in)
6000 10000
5400 9000
- P
4800 8000 ——
4200 7000
3600 6000
3000 | \\ 5000 \
2400 \ 4000
1800 3000
1200 B \ 2000 [ \
600 \ 1000 1 \
0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 \I 1
0 900 1800 2700 3600 4500 5400 6300 7200 0 600 1200 1800 2400 3000 3600 4200
Speed (rpm) Speed (rpm)
Torque Torque
(0z-in) Z930 at 240VAC (0z-in) Z940 at 240VAC
16000 20000
14400 18000 T
12800 16000
11200 14000 T \
9600 r 12000 i \
8000 i \ 10000 \
6400 + \ 8000
4800 | \ 6000 \
3200 + \\ 4000 \
1600 1 \ 2000 1 \
0 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 0 300 600 900 1200 1500 1800 2100 2400

Speed (rpm) Speed (rpm)
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I/O Data & Descriptions

Programmable
Inputs

This section defines the inputs and ouputs that are on the ZX’s front panel. Refer to the figure
below for the location of the inputs and outputs described in this section.

ZX Drive

Compumotor

Ie)
=

BRUSHLESS

SERVO DRIVE

I 0000000000000000000000000000 I

ZX Drive with Following

Compumotor

3
E

BRUSHLESS
SERVO DRIVE

oo

0000000

I 0000000000000000000000000000 I

PHASE 1 @ PHASE 1 @
240 VAC PHASE 2 240 VAC PHASE 2
O rower Soeore 7)) O rower oo Prase| 2y
O CPU READY FARTH @ O CPU READY EARTH @
O FAULT Vo2l O FAULT o
12 3 45 67 8 9 10111213 12 3 4567 8 9 10111213
MOTOR MOTOR
(©ORe) (EBLL) GRY) (GRN) (©ORG) (ELU) (GRY) (ORN)
[ @ @ @] [0 @ @ @]
ZX & ZXF Front Panels
Pin # Function Color
1 Shield —
2 Stator 1 Red
3 Stator 2 Black
4 Stator 3 Green
5 Stator 4 Blue
6 Rotor 1 Brown
7 Rotor 2 White
8 Motor Temp (+) Yellow
9 Motor Temp (-) Orange
Resolver Cable Pin-Out
Motor Connector Pin Color
A Orange
B Blue
C Grey
D Green

Motor Cable Pin-Out

There are 7 inputs, one 1/O ground, and one earth ground pin associatBR@ith

INPUTS. The first three inputs al@CWCW andHM These inputs are electronically
identical tooinputdl -117 . The primary difference between these inputs is @Gy
CWandHMare dedicated inputs, whilgé -117 have programmable input functions. These
inputs have an internal isolated 5V supply. The figure below represents a typical input
circuit. Input Voltage: 0 - 24VDC (Current limiting resistor not needed).
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Programmable

Outputs
The ZX has four programmable outputs that are jumpered at the factory and pulled up to
5VDC through an internal 10K resistor. With the VOUT input, you can pull these outputs
up to 24VDC and sink up to 30 mA (max).
Helpful Hint :

Output: 5 - 25V and
can sink up to 30 mA

Typical Output Circuit -—v—+ 5VI +5V
- | Jumper is factory-set.
1N5818 | Remove it before applying
R

voltage to VOUT.
1K ;
|

01-04
191 - 04 | 30ma Maximum Current
: 24V Maximum Voltage

|
|
|
Typical Input Circuit 22K :
|

11-17, CW, CCW, HM

Tl Logic High =2.5V - 24V

1K | Logic Low = <0.5V

: Do not wire external resistors for input connections.

Typical Model Input & Output Circuit

INC Encoder

The ZXF's Incremental encoder connector is a 13-pin phoenix connector. The incremental
encoder interface accepts two-phase quadrature incremental encoders with differential or single-
ended outputs (+5V TTL-compatible). The ZX provides the 5VDC at 500 mA supply for the
encoder. The maximum frequency per channel is 800Khz.

Helpful Hint :
The ZXF does not use
the Z Channel

Compumotor

)

Incremental
Encoder

BRUSHLESS
SERVO DRIVE

799999999

o
o
o
o
o
o
o
o
o

5V Maximum = 500 mA

‘OOOOOOOOOOOOOO OOOOOOOOOOOOOO‘

Do not connect the CHZ+ and CHZ-
inputs to the encoder. The ZX-F does not
support the CHZ inputs.

Incremenal Encoder Connector Description
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RS-232C

You can communicate with the ZX via a computer or terminal through RS-232C inputs.

You must wire the Tx (Transmit), Rx (Receive), and GND (Logic Ground) inputs as shown in
the figure below. The ZX accepts standard EIA RS-232C signals from +15VDC to -15VDC.
You can change the baud rate, but the other parameters are fixed. You must configure your
computer or terminal to the proper setting.

Compumotor

)
E

Rx

N . _EE
(HHNRRFEERRRRRRARORR AR

BRUSHLESS

SERVO DRIVE

0000000 00006660000 |

ZX RS-232C Interface

Factory Default Settings

This section contains the default settings for various ZX/ZXF functions. Your product will
be shipped to you with these default settings.

RS-232C Communications

O Baud Rates: 9600 (default setting), 4800, 2400, 1200, 600, 300
O Data Bits: 8

O Parity: None

O Stop Bits: 1

a Full Duplex

ZX Device Address

The default address settingdis. Refer toChapter[J Getting Startedor steps on displaying
and modifying the address setting via pushbuttons.

Hardware Interfaces

Front panel pushbuttons are enabled

Sequence and Ratio Select are disabled

RS-232C is enabled

Inputs active low and configured as triggers, with dedicated home, CW, and CCW limits
Outputs active low, configured as programmable outputs

OO0oogoo

Limits

O

Hardware limits enabled
Software limits disabled

O

Motion Parameters

Acceleration = 10 rgs

Deceleration = 10 rps

Velocity = 1 rps

Motor Resolution = 5,000

Distance = 25,000

Encoder Resoultion = 4,000

Use the DR command to display the present configuration of the ZX

OOo0ooQoogoogao
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Maintenance & Troubleshooting

The information in this chapter will enable you to:

O Maintain the system's components to ensure smooth, efficient operation
0 Isolate and resolve system hardware and software problems
O Use this chapter as a quick-reference for a description of system error codes

Motor Maintenance

Inspect the motor rgularly to ensure that bolts and qdings have not loosened dugioperation.
This will prevent minor problems from becoming major problems. The motor is brushless and
the bearings are sealedNo maintenance, other than regular visual inspection, is

necessary

ZX Maintenance

Spare Parts

Battery

Ll Helpful Hint:
The battery is located in
the ZX's front module.

[0 Helpful Hint:
To change the
battery, complete the
following steps.

The ZX requires minimal maintenance, but the NEMA cabinet should be inspected regularly
to ensure that the air filters are kept clean. The ZX requires good air flow for proper cooling.

Description Function Part Number

5-Pin Connector 1/0 [1] Connectors 43-008128- 01

9-Pin Connector 1/O [1] Connectors 43-078755-01

Battery Maintains RAM memory 47-007709-01
Spare Parts Table

The ZX's nonvolatile memory is a battery-backed RAM (Random Access Memory). The
lithium battery keeps the RAM powered at all tim@#he life of this battery is approximately
10 years. When the battery runs low, the ZX will be unable to hold a program in nonvolatile
memory. This error may also occur if the Sequence Terminatéf) command is not placed at
the end of each sequendéthe battery back up is not functioning, error c8@(Check Sum
Error) will be displayed when power is cycled. To verify that the battery is OK1i@ethen
cycle power to the ZX. If the battery is OK, error c8#should be gone. If the message
persists, replace the battery (part #47-007709-01). Call your local distributor to order the

battery.

[ |

replace

You must remove the enclosure to reach the battery.

Remove the four screws holding the visible circuit board.

Remove the visible circuit board to reach thaldle circuit board.

The battery is labeleBT1 and is the size of a quarter. Remove the battery from the ZX and
immediately

it with the new battery

Battery may explode if mistreated. Do not recharge, disassemble or dispose of in fire.

WARNING
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Troubleshooting

O Helpful Hint:

Refer to the problem
solutions in this chapter. If
the problem persists, contact
Compumotor's Applications
Engineering Department
(800-358-9070).

CW, CCW, HM

If your system malfunctions, you must identify and isolate the problem. The first step is to
isolate each component and ensure that each component functions properly when it is run
independently. If you have additional units available, you may want to use them to replace
existing components in your system to help identify the source of the problem.

Determine if the problem is mechanical, electrical, or software-related. Can you repeat or re-
create the problem? Random events may appear to be related, but they may not be
contributing factors to your problem. Carefully investigate and decipher the events that
occurred before the subsequent system problem.

You may be experiencing more than one problem. Solve one problem at a time. 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.

If you are have problems using the TriggéR), Home HN), CW, CCW, or Sequence
Select inputs, check your wiring for proper installation. Use an ohmmeter to properly
connect the switches and inputs.

If the hardware connections are correct, usé3heommand to check the hardware status of
each input manually and determine if the ZX recognizes the input change. If the status does
not change, check the hardware settings.

Remote Sequencing (Binary Weighted)

Diagnostic LEDs

POWER
CPU READY
FAULT

176

If you want to run spiences from bingrweighted interfaces, vesifthat the hardware interface

is wired properly. Use an ohmmeter to verify proper wiring. Entei3heommand to read

the status of the inputs. Change the input setting and check the inputlSiatagdin to

ensure that the ZX recognizes the change in the sequence select input. Ensure that the binary
weighted input is calling the proper sequences. Chdepterl] Application Desigrfor the
Sequence Select Table. If you have a problem running a sequence from the remote input, run
the sequence using tié&k command before attempting to run it using BCD input.

The ZX has three diagnostic LEDs on its front panel.

LEDs
prase 1 | @
. POWER sovic | PHASE2 @
Q Power 50160 Hz PHASE 3 @
© cPuU READY| 4O crureror earti | @
O FAULT
o [2)
® raur
12345678 910111213
MOTOR
A B C EARTH
(ORG) (BLU) (GRY) (GRN)
ZX LEDs

Indicates that the drive is powered-up (normally green).
Indicates that the processor is properly functioning (normally green).
Indicates a drive fault or error (red when a fault exists; normally off).

In addition to these LED indicators, the ZX has a front panel display that scrolls fault
messages when a fault occu@hapter] Application Desigrdescribes all operations and
capabilities of the front panel display.
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ZX Warning Codes

The following warning codes will be displayed on the alphanumeric display before an
overvoltage fault occurs.

Code | Warning Description

03 Over Voltage The internal bus voltage has passed the warning threshold. This warning will not fault the drive; the
error threshold (Error 04) will fault the drive. The warning message will remain present until an
ON command or a system reset is executed.

60 Commanded Shutdown The ZX has been commanded off by the OFF command.

ZX Warning Codes

ZX Fault Codes

The following fault codes and messages will be displayed on the alphanumeric display when
the respective faults occur. The Report Servo ErR8E(command also reports faults and
warnings. Except where noted, the drive can be re-enabled after a fault has occurred by

correcting the fault (if applicable) and typi@iN

Code | Fault Description

04 Overvoltage The internal bus voltage has exceeded its limit. Verify the input power voltage. This error may also
be caused by rapid decelerations. This error overrides the over voltage warning.

18 Low Voltage The input power to the drive is either not present, or at a lower voltage than 92V. Verify the input
power voltage and make sure that the power is correctly connected.

19 over-current A short circuit between motor phases, or between any phase and ground will cause the drive to

(Short Circuit) fault. This may be due to improper motor wiring to the drive or due to a bad motor. In some cases
an extremely high acceleration may cause this error. Power down the complete ZX, correct the
wiring, and power-up the system. This fault cannot be removed by typing the ONcommand.

20 Position Error Exceeded The user defined position error limit has been exceeded. The CPE(Configure Position Error)
command can alter the error limit. The factory default is one revolution (5,000 motor steps). A
position error may be caused by a rapid acceleration rate or possibly bad servo tuning. The user
must decide whether to increase the position error limit or to change his motion profile so that the
drive no longer faults out.

21 Rolling Average Current Fault The user specified average current limit has been exceeded. The CCA(Configure Current
Average) command alters the average current limit. If the drive continues to fault out, you may
have to reduce the acceleration rate of your move. The average current of the drive is calculated
over a rolling 3-second time period.

22 Average Current Limit Exceeded The drive's average current limit has been exceed. A hardware detect circuit has turned the drive
off due to too much current.

23 Drive Enable Input Not Active The drive enable input on the screw terminal connector I/O[1] has been deactivated. For drive

operation, a normally closed switch or wire jumper is necessary from ENBL to ground. The ZXis
shipped with a jumper installed.

27 Velocity Error Exceeded

The user-defined velocity error limit has been exceeded. The CVE(Configure Velocity Error)
command can alter the error limit. A velocity error may be caused by a rapid acceleration rate or
bad servo tuning.

30 Z RAM Failure This error should occur only during factory initialization of the ZX/ZXF or if the Sequence
Termination (XT) command is not placed at the end of each sequence. . Call Compumotor (800-
358-9070) if it occurs at any other time.

41 CW Hardware Limit The ZX has reached a CW hardware limit.

42 CCW Hardware Limit The ZX has reached a CCW hardware limit.

43 CW Software Limit The ZX has reached a CW software limit.

44 CCW Software Limit The ZX has reached a CCW software limit.

55 Power Supply Failure This error indicates that the isolated power supply for the ZX's amplifier has failed. Call
Compumotor (800-358-9070).

61 Incoming Indexer Pulses When the ZX is reset or commanded ON, no step pulses are accepted when the amplifier is first
enabled (this would constitute infinite acceleration).

62 Current Integration Fault Currently this fault is not enabled.

70 Resolver Disconnected The resolver feedback signal from the motor to the drive is missing. This feedback is required to
operate the drive. Make sure the resolver connection is secure.

77 Resolver Resolution Fault For a given resolver resolution there is a maximum velocity at which the resolver-digital converter
can operate. If the drive faults due to this error, the maximum velocity commanded to the drive
exceeds the capabilities of the resolver-digital converter. See the CRRcommand.

91 Heatsink Overtemperature The internal heatsink of the ZX has reached its temperature limit. Make sure the ambient
temperature for the drive is within specifications.

92 Motor Overtemperature The motor has reached its temperature limit. Make sure the motor's ambient temperature is within
specifications. Be sure the drive is configured correctly for the motor used (CMTRcommand).

93 PCB Overtemperature The Printed Circuit Board temperature limit has been reached. Make sure the ambient temperature
for the drive is within specifications.

Drive Fault Codes
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RS-232C Problems

Use the following procedure to troubleshoot communication problems that you may have with
the ZX.

O Be sure the host computer's transiiik  wire is wired to the peripheral's receiRxj
connection, and the host computer's receRee) (wire is wired to the peripheral's transmiix(
connection. Switch the receive and transmit wires on either the host or peripheral if the problem
persists.

O Confirm that the host and peripheral are configured for the same baud rate, 8 data bits, 1 stop bit,
and no parity.

O If you receive double characters, for instance typinand receivingAA, the computer is set for
half duplex mode. Change the setup to full duplex mode.

0 Use DC common or signal ground as a reference, not earth ground.

O Cable lengths should not exceed 50 ft. unless you are using some form of line driver, optical
coupler, or shield. As with any control signal, be sure to shield the cable-to-earth ground at one
end only.

O To test the terminal or terminal emulation software and the RS-232C cable for proper three-wire
communication, unhook the ZX and enter a character. You should not receive an echoed character.
If you do, you are in half duplex mode. Connect the host's transmit and receive lines together and
send another character. You should receive the echoed character. If not, consult the manufacturer
of the host's serial interface for proper pin outs.

Software Debugging Tips

[l Helpful Hint:
The software tools are
listed below

Trace Mode

I/O Simulation

Displaying ZX
Status

DFX Command
Report Back

This section offers helpful tips for debugging your programs. The ZX has several tools that
can be used to aide in the determination of a problem in the system design.

XTR Trace Mode

DIN,DOUT 1/0 Simulation

XST Single Step

XS Sequence Execution Status

DF Displays indexer Status

X Displays state of the Indexer
DR Displays Interface Option Status
FS Displays Indexer Status Options
(0K Displays Homing/Jog Status

Report backs

Trace mode is displays what is occurring as you execute your sequence. By running the Trace
mode you can see what commands are being executed and if the program stops running, you
can see what command was last executed. Trace mode and Interactiv&8iQdeil( help

you to find commands that the indexer may not recognize. The trace mode is enabled and
disabled using thETRcommand. When enabled you will execute sequences as you normally
would using thexRcommand. As the sequence is running the commands are displayed on the
screen.XTR1 enables Trace mod¥TR@disables it. Se€hapterd Application Design

for a thorough explanation of Trace mode.

I/O simulation can be done without actually physically toggling the inputs or outputs using
theDIN andDOUTcommands. These commands can be used to simulate the input or
output state you desire so that you can test portions of your sequences and program. See
Sequence Debugging Toola Chapterd Application Designfor more details.

There are several commands that you can use to check the ZX's status. You can report back
the value or setting of almost all of the ZX commands by typing the device address followed
by the command then a carriage return or a space bar. In this way, you can find out what
values you have entered in different commands. ODReommand reports the current state of

the ZX. Use this to verify that the unit is configured as you want it. You can use four other
report back commands to determine the state of the unit. These commands report a binary
number. Each bit of the report corresponds to possible ZX functions or modes.

The DFXcommand reports the ZX 's current states and conditions.

32 31 3029 2327 26252423222120191817161514131211109876543210

‘0000 0000 0 00D D 00D D 00D D

0000 PODD PDDD
Bit representations —25-32,13 reserved

Bit
24 Mode Profile: no=@,yes=1
23 Mode alternate: no=@,yes=1
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N
=

Hit a software CCW limit no = @; yes = 1

20 Hit a software CW limit no = &; yes= 1

19 Home limit not found = &; found = 1

18 Joggingno=@;yes=1

17 Queued for RM mode no =@; yes =1

16 Run sequence on power up no=g; yes=1

15 U command @=not waiting; 1=waiting for continue

14 Waiting for a trigger no = @; yes = 1

12 Back up to home limit @ = no; 1 = yes

11 High-speed portion of home move no = @; in process = 1
10 Execute a sequence no=@;yes =1

9 Wait on a timer no = @; yes = 1

8 Hita CCW limitno = @; yes = 1

7 Hita CW limitno=d;yes=1

6 PS command: @ = not waiting; 1 = waiting for continue
5 Absolute move direction @ = CW 1= CCW

4 Incremental/absolute @ = MPI; 1 = MPA

3 Mode preset = &; Continuous = 1

2 Commanded move direction: @ =CW,; 1 =CCW

1 Preset move in progress: @ = not moving; 1 = moving
(0] Continuous move: @ = not moving; 1 = moving

TheFS command rports a binay word that has various interfacptions associated with each
bit. TheOScommand reports the homing options and the Jog enable optiorSSThe
command reports various indexer software optiond.idfin the bit location, the feature or
mode is enabled. Refer to the example below.

ABCD EFGH IJKLMNOP QRST

SS ‘0P00 Q0000 Q00D D0PBD BODD
FS ‘0000 Q000 0000 B33
0S 0000 @BODD

SSA RS232 Echo 0 =Echo on 1 = Echo off

SSD Alternate Mode Stop 0 = end of cycle 1 = immediately
SSG Clear/Save buffer on limit 0 = clear 1 = Save

SSH Clear/Save buffer on stop 0 = clear 1 = Save

SSi Enable/Disable Interactive Mode

SSJ  Enable/Disable Continuous scan mode

SSL  Resume execution enable

SSN Enable error message mode

SSQ Enable Drive Fault indicator

FSD Enable/Disable Stop on Stall

FSI  Enable/Disable Following

FSK  Enable following learn mode

FSL  Enable following self correction mode
FSN  Enable Pulse and Direction following
FSP Enable position tracking

OSB Enable back-up to home switch

OSC Define Active edge of Home switch 1=Active high signal
OSD Enable Encoder Z channel Input for Homing

OSE Enable Jogging

OSG Define Final Home approach direction 1=CCW

OSH Define Active edge of home switch to stop on 1=CCW
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Error Code 30

Common Mistakes

Problem A

Possible
Errors

Solution A
Problem B

Possible
Errors

Solution B

Problem C
Solution C

Problem D

Possible
Error

Solution D

Step U

Step U

Error code 30 indicates that a checksum that was calculated on a reset or from cycling power
does not match thareviousy calculated checksum. Error code 30 will occur in the follgwin
situations:

O You are changing PROMSs.
O If memory is corrupted during operation or when the ZX is off.
O If the battery fails (memory cannot be saved).

In most cases, you can use the Create Check§Grcommand to clear error code 30.
Select the proper motor size before you issu@tleommandONclears error code 30 from
the front panel display. If the error occurs each time you power up your unit, consult
Compumotor's Application Engineering Department (800-358-9070).

Reducing Electrical Noise

For detailed information on reducing electrical noise in your system, refer to the current
Compumotor Catalog.

Some common mistakes that have made with Compumotor's X language and remedies for
these mistakes are discussed below.

A ZX move is commanded and no motion occurs.

O Following mode may be enabled when you try to make a move as an indexer.
O A limit may be enabled and active.
O

You may be in Absolute mode and are already at the position you are commanding the motor to
move to.

Check your configuration and motion settings.
A following move is commanded and no motion occurs.

O The unit may not be in Following modES|I).

O Limits are enabled, you may be in Absolute mode and are already at the position you are
commanding the motor to move to.

Set the ZX to Following mode. Check your configuration and motion settings.
Motion is jittery in Following mode.

Smooth motion by decreasing the sampling of the encoder interface (in€fase
The unit may appear to not be responding to commands.

O If you defined a sequence and never issuedhoommand, the ZX still thinks you are defining
a sequence.

Issue anXT command at the end of the sequence to end sequence definition.

Returning The System

If your ZX Indexer/Drive system is faulty, you must return the drive and motor for
replacement or repair. A failed drive can damage motors, and a faulty motor can damage
subsequent drives. If you must return your ZX System to effect repairs or upgrades, use the
following steps:

Get the serial number and the model number of the defective unit(s), 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 drive to Parker Compumotor, have someone from your organization with
a technical understanding of the ZX and its application include answers to the following
guestions:

What is the extent of the failure/reason for return?
How long did it operate?

How many units are still working?

How many units failed?

What was happening when the unit failed (i.e., installing the unit, cycling power, starting
other equipment, etc)?

OoOoood
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Step U

Step U

OoOooOoooo

O

How was the product configured (in detail)?

What, if 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, friction, etc.)?
What was the system environment (temperature, enclosure, spacing, unit orientation,
contaminants, etc.)?

What upgrades, if any, are required (hardware, software, user guide)?

Call Parker Compumotor [(800) 358-9070] for a Return Material Authorization (RMA)
number. Returned products cannot be accepted without an RMA number.

Ship the unit to: Parker Compumotor Corporation

5500 Business Park Drive
Suite D

Rohnert Park, CA 94928
Attn:  RMA # XXXXXXX
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Command Listing

"—Quote Command
;—Comment Field
#—Step Sequence

A—Acceleration
AD—Deceleration

B—Buffer Status Report

BCCA—Buffered Configure Current Average
BCCP—Buffered Configure Current Peak
BCDB—Buffered Configure Deadband
BCPD—Buffered Configure Position Derivative
BCPE—Buffered Configure Position Error
BCPI—Buffered Configure Position Integral
BCPP—Buffered Configure Position Proportional
BCPPM—Buffered Configure Pos Proportional Max.
BCRR—Buffered Configure Resolver Resolution
BCTC—Buffered Configure Time Constant
BCTG—Buffered Configure Tach Gain
BCTGM—Buffered Configure Tach Gain Maximum
BCVF—Buffered Configure Velocity Feed-Forward
BCVFM—Buffered Configure Vel Feed-Forward Max.
BCVI—Buffered Configure Velocity Integral
BCVIM—Buffered Configure Velocity Integral Maximum
BCVP—Buffered Configure Velocity Proportional
BCVPM—Buffered Configure Vel Proportional Max.
BL—Backlash

BS—Buffer Status Report

C—Continue

CCA—Configure Current Average
CCP—Configure Current Peak
CDB—Configure Deadband

CMR—Configure Motor Resolution
CMTR—Configure Motor

CPB—Configure Pushbuttons
CPD—cConfigure Position Derivative
CPDM—Configure Position Derivative Maximum
CPE—Configure Position Error
CPI—Configure Position Integral
CPIM—Configure Position Integral Maximum
CPP—Configure Position Proportional
CPPM—Configure Position Proportional Max.
CRR—Configure Resolver Resolution
CTG—Configure Tach Gain

CTGM—Configure Tach Gain Maximum
CVE—Configure Velocity Error
CVF—Configure Velocity Feed-Forward
CVFM—Configure Velocity Feed-Forward Max.
CVI—Configure Velocity Integral
CVIM—Configure Velocity Integral Maximum
CVP—Configure Velocity Proportional
CVPM—Configure Velocity Proportional Maximum
CR—Carriage Return

D—Distance

DCA—Display Current Average
DCl—Display Current Instantaneous
DCP—Display Current Peak
DFS—Display Flags for Servo Parameters
DFX—Display Flags for Indexer Status
DIN—Disable Inputs

DOUT—Disable Outputs
DP—Distance Point

DPA—Display Actual Position
DPE—Display Position Error
DPS—Display Setpoint Position
DR—Display Parameters

DRD—Read Distance Via Parallel /0
DSP—Display Servo Picture
DVA—Display Actual Velocity
DVS—Display Velocity Setpoint

E—Enable RS-232C Communication Interface
ELSE—Else

F—Disable RS-232C Communication Interface
FAC—Set Following Synchronization Rate
FBS—Following Base

FC—Following Learn Count

FEN—Set Following Synchronization Count
FIN—Following Increment

FMCA—Find Motor Commutation Angle
FOL—Following Percent

FOR—Following Ratio

FP—Following Encoder Distance Point
FPA—Following Encoder Absolute Point
FRD—Read Following Via Parallel /0
FS—Encoder Function Report
FSA—Enable Following Mimic Mode
FSF—Enable Following Synchronized Accel
FSI—Enable/Disable Following Mode
FSK—Enable/Disable Following Learn Mode
FSL—Enable/Disable Correction Mode
FSN—Enable/Disable Pulse Following Mode
FSP—Enable/Disable Tracking Mode

G—Go

GD—Go Predefined Move
GDEF—Move Definition
GH—Go Home

GHA—Go Home Acceleration
GHAD—Go Home Deceleration
GHF—Go Home Final Velocity
GHV—Go Home Velocity
GOSUB—GOSUB Sequence
GOTO—GOTO Sequence

"H—Backspace
H—Set Direction
HALT—Halt

ID—Immediate Distance

—I
IN—Set Input Functions
INL—Set Active Input Level
I0—Immediate Output
IS—Input Status Report
IV—Immediate Velocity

JA—Jog Acceleration
JAD—Jog Deceleration
JVH—Jog Velocity (High)
JVL—Jog Velocity (Low)

K—Kill

L—Loop

LAD—Limit Deceleration

LD—Limit Disable

LF—Line Feed

LRD—Read Loop Count via Parallel I/O

MA—Mode Alternate

MC—Mode Continuous
MN—Mode Normal

MPA—Mode Position Absolute
MPI—Mode Position Incremental
MPP—Mode Position Profile

N—End of Loop
NG—End Position Profile
NIF—End of IF Command
NWHILE—End of While

O—Output

OFF—Off

ON—On

OS—Function Set-Up Report

OSA—Set Limit Input Active Level
OSB—Backup to Home Switch
OSC—Define Active State of Home Switch
OSD—Enable Resolver Z Channel Input
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OSE—Jog Enable

OSF—Acknowledge STOP and KILL inputs on Power Up
OSG—Final Homing Direction

OSH—Reference Edge of Home Switch

OS|—Save Sequence Scan Mode on Stop

OUT—Set Output Functions

OUTL—Set Active Output Level

OUTP—Output on Position

PF—Follower Position Report
PFZ—Set Follower Position to Zero
PR—ADbsolute Position Report
PS—Pause

PU—Configure Square Wave
PUL—Activate Square Wave Output
PZ—Set Absolute Counter to Zero

R—Request ZX Status

RA—Limit Switch Status Report

RB—Loop, Pause, Shutdown, Trigger Status Report
REG—Configure Registration Move
REPEAT—Repeat

RFS—Return Servo Parameters to Factory Settings
RG—Go Home Status Report

RIFS—Return to Factory Settings

RS—Report Status of Sequence Execution
RSE—Report Servo Errors

RSIN—Set Variable Interactively

RV—Revision Level Report

S—Stop

SFL—Set User Flag

SL—Software Limits Enable

SLD—Software Limits Disable

SN—Scan Delay Time

SP—Set Position Absolute

SS—Function Set-Up Report

SSA—RS-232 Echo Control

SSD—Alternate Stop Mode

SSG—Clear/Save the Command Buffer on Limit
SSH—Clear/Save the Command Buffer on Stop
SSl—Enable/Disable Interactive Mode
SSJ—Enable/Disable Continuous Scan Mode
SSL—Enable/Disable Resume Execution
SSN—Enable/Disable Message Mode
SSU—Enable/Disable Warning Display Mode
ST—Shutdown

STOP—Stop

STR—Set Strobe Output Delay Time
SV—Save

T—Time

TD—Set Input Debounce Time
TDR—Set Registration Debounce
TEST—System Test

TF—Set Following Time
TM—Move Time Report

TR—Wait for Trigger

TRD—Read Timer from Parallel /O
TS—Trigger Input Status
TX—Transmit Variable and String

U—Pause and Wait for Continue
UNTIL—Until

V—Velocity

VAR—Variables

VARD—Read Variables from Parallel I/O
VRD—Read Velocity from Parallel /O
VS—Set Start/Stop Velocity

W1—Signed Binary Position Report
W2—Hexadecimal Position Report
W3—Signed Hexadecimalt) Position Report
WHEN—Set WHEN COndition
WHILE—While

XBS—Report Sequence Memory Available
XC—Sequence Checksum Report
XD—Sequence Definition
XDIR—Sequence Directory
XE—Sequence Erase

XEALL—Erase All Sequences
XFK—Set Fault or Kill Sequence
XG—GOTO Sequence
XQ—Sequence Interrupted Run Mode
XR—Run Sequence

XRD—Read Sequence via Parallel 1/0
XRP—Sequence Run with Pause
XS—Sequence Execution Status
XSD—Sequence Status Definition Report
XSR—Sequence Status Run Report
XSS—Sequence Status Report
XST—Sequence Step Mode
XT—Sequence Termination

XTR—Set Trace Mode

XU—Upload Sequence
XWHEN—When Sequence

Y—Stop Loop
Z—Reset
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