l A R T I s A N® Full-service, independent repair center
with experienced engineers and technicians on staff.
‘ e HLNSIEER R OUR We buy your excess, underutilized, and idle equipment

along with credit for buybacks and trade-ins.

YO U r defin il.ive SO U rce sgl;zzﬁﬁqﬁ:;gnj:rii:ic:l?s exactly as you specify.
for quality pre-owned
e Critical and expedited services ¢ Leasing / Rentals / Demos

eq ul p men 1- * In stock / Ready-to-ship * ITAR-certified secure asset solutions

Expert team | Trust guarantee | 100% satisfaction

Artisan Technology Group

(217) 352-9330 I sq|es@qrﬁsqnfg,com I Qrﬁsqmg_com All trademarks, brand names, and brands appearing herein are the property of their respective owners.

Find the Parker / Compumotor PC-21 at our website: Click HERE


tel:2173529330
mailto:sales@artisantg.com
https://artisantg.com
https://www.artisantg.com/PLC/63737-6/Parker-Compumotor-PC-21-Indexer
https://www.artisantg.com/PLC/63737-6/Parker-Compumotor-PC-21-Indexer

Compumotor

Compumotor Division
Parker Hannifin Corporation m
p/n 88-004100-04 B

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




User Guide Change Summary

Chapter 1.
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Application Design

Chapter 5. Software
Reference

Chapter 6. Hardware
Reference

Chapter 7.
Maintenance &
Troubieshooting

The following is a summary of the primary changes to this
user guide since the last version was released. This user guide,
version 88-004100-04A, supersedes version 88-004100-04Y.

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

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
synopsized below.

Chapter 1 was changed as to update the product features and
provide a theory of operation.

Changes to Chapter 2 are summarized as follows:

» New and updated system connection procedures
e Ship kit changes
* Updated functional test procedures

Changes to Chapter 3 are summarized as follows:

* Updated I/O connection procedures
e New tests to verify system connections and functionality.

Changes to Chapter 4 are summarized as follows:

e New application considerations
e Updated sample moves and operating mode descriptions
¢ Updated programming section

Changes to Chapter 5 are summarized as follows:

This section lists all commands and syntaxes in alphabetical
order.

Changes to Chapter 6 are summarized as follows:

e Updated system specifications and dimensional drawings
e New system pin-out tables and I/O circuit illustrations

Changes to Chapter 7 are summarized as follows:

e New suggested spare parts list

e New troubleshooting methods

e New procedures for returning the system to affect repairs
or upgrades
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This manual 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 is intended to help you find and use
information in this manual.

This user guide assumes that you have the skills or
fundamental understanding of the following information.

e IBM (or IBM-compatible) computer experience
e Basic electronics concepts (voltage, switches, current, etc.)

e Basic motion control concepts (torque, velocity, distance,
force, etc.)

With this level of understanding, you can effectively use this
manual to install, develop, and maintain your system.

This user guide contains the following information.

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

This chapter contains a list of items you should have received
with your shipment. It will help you become familiar with the
system and ensure that each component functions properly.
You will configure the system properly in this chapter.

This chapter will help you properly mount the system and
make all electrical connections. Upon completion of this
chapter, your system should be completely installed and
ready to perform basic operations.

This chapter will help you customize the system to meet your
application's needs. Important application considerations
are discussed. Sample applications are provided.

This chapter explains Compumotor's X Series programming
language in detail. It describes command syntax and system
parameters that affect command usage. An alphabetical list
of all commands, with a syntax and command description for
each command is included.

This chapter contains information on system specifications.
This chapter is as a quick-reference tool for proper DIP switch
settings and I/O connections.

This chapter describes Compumotor's recommended system
maintenance procedures. It also provides methods for
isolating and resolving hardware and software problems.
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Installation Process
Overview

Developing Your
Application

Installation
Recommendation

To ensure trouble-free operation, you should pay special
attention to the environment in which the PC21 Indexer
equipment will operate, the layout and mounting, and the

wiring and grounding practices used. These recommendations
are intended to help you easily and safely integrate the PC21
into your facility. Industrial environments may adversely
affect solid-state equipment. Electrical noise or atmospheric
contamination, may also affect the PC21 Indexer System.

Before you develop and implement your application, there are
several issues that you should consider and address.

1.

Clarify the requirements of your application. Clearly
define what you expect the system to do.

2. Assess your resources and limitations. This will help you
find the most efficient and effective means of developing
and implementing your application.

3. Follow the guidelines and instructions outlined in this

user guide. Do not skip any steps or procedures. Proper
installation and implementation can only be ensured if
all procedures are completed in the proper sequence.

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

1.

Review this entire user guide. Become familiar with the
manual's contents so that you can quickly {ind the
information you need.

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

Complete the basic system configuration and wiring
instructions provided in Chapter 2, Getting Started.

Perform as many basic moves and functions as you can
with the preliminary configuration. You can only
perform this task if you have reviewed the entire user
guide. You should try to simulate the task(s) that you
expect to perform when you permanently install your
application (however, do not attach a load at this time).
This will give you a realistic preview of what to expect
from the complete configuration.

After you have tested all of the system's functions and used
or become familiar with all of the system's features,
carefully read Chapter 3. Installation.

After you have read Chapter 3 and clearly understand
what must be done to properly install the system, you
should begin the installation process. Do not deviate from
the sequence or installation methods provided.

Before you begin to 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 potential difficulties before they affect your system.
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Conventions

Warnings &
Cautions

Change Bars

To help you understand and use this user guide effectively, the
conventions used throughout this user guide are explained in
this section.

Wamning and caution notes alert you to possible dangers that
may occur if you do not follow instructions correctly.
Situations that may cause bodily injury are presented as
warnings. Situations that may cause system damage are
presented as cautions. Refer to the examples shown below.

WARNING

Do not touch the motor immediately after it has been In
use for an extended period of time. The unit will be hot.

CAUTION

System damage will occur if you power up the system
improperly.

When a new user guide version is produced, the new or changed
text is differentiated with a change bar in the right margin
(e.g.. this paragraph). If the entire chapter is changed, the
change bar is located to the right of the chapter title.

Related
Publications

The following publications may be helpful resources.
Current Parker Compumotor Motion Control Catalog

Operations manual for the IBM or IBM-compatible computer
that you will use with the PC21 Indexer

Schram, Peter {editor). The National Electric Code Handbook
(Third Edition). Quincy, MA: National Fire Protection
Association
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Chapter 1. INTRODUCTION |

Chapter Objectives

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

e Understand basic motion control concepts and apply
them to your application

Product Description

The Model PC21 Indexer is a board-level product designed to be
inserted into an open slot on the IBM PC system expansion bus,
or I/0 channel. Simple ASCII commands determine all motor
functions and can be easily programmed from high-level
languages such as BASIC, C, or PASCAL. Additional input and
output lines, also controlled by the interface to the IBM PC, can
initiate or monitor other external events.

With the PC21 Indexer, you can move a load to a precise
position and stop, move at a constant velocity, move back
and forth between two positions alternately, or use any
combination of these moves. Complex sequences of these
moves, time delays, status report-backs and additional action
can be programmed through the IBM PC to control any
Compumotor Motor/Drive system. The PC21 can also control
any standard 200/400 step translator.

For applications that require precise position tracking, the
PC21 Indexer can be connected to an incremental optical
encoder to form an integral closed-loop feedback system to
enhance the accuracy of position control to submicron
standards. The Position Tracking feature connects easily to
any TTL-compatible encoder and allows you to match the
encoder's resolution.

Product Features

e Designed for the IBM PC, AT, XT and most IBM PC
compatibles, PS2 (Model 30 only)

¢ Functions as an intelligent peripheral to the PC
e May be programmed to interrupt the host processor

e 1,400-character memory permits downloading of multiple
move sequences

» Software disk supplied
- User utility programs
- Set-up and test routines
- Help information

¢ Supports motor/drive resolutions up to 50,000 steps/rev
s Open- or closed-loop control standard

e Three user-defined inputs and one user-defined output

e Home limit, CW and CCW end-of-travel limits provided

e User control of pulse source allows complex move profiles
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Theory of
Operation

The PC21 Indexer receives acceleration, velocity, and position
information (in an ASCII format) from your software, and
uses that information to generate motion profile command
signals for one axis. Move commands are sent to the drive in
the form of step pulses at a rate of up to 500 kHz. Additional
logic provides other necessary functions, such as monitoring
limit switches, setting the direction of motor motion, turming
outputs on and off, and waiting for programmable inputs.

With simple indexer commands, you can perform the
following moves with the PC21.

Rotate the axis to a precise position and stop

Rotate the axis at a constant velocity

Alternate back and forth between two angular positions
Use a sequential combination of these moves

You must establish the communication between the IBM PC
computer and the PC21 Indexer board with handshaking
routines before you can send control commands to the PC21
Indexer. A support disk for DOS-based systems is provided.
The disk contains read, write, and reset drivers (handshaking
routines). You must set the PC21 Indexer board's address (as
defined in this user guide) and develop and install the
necessary software to establish communication.

You can use the PC21 for precise position control with no
external position feedback with open-loop control systems.
Compumotor's Position Tracking feature provides for closed-
loop operation. This mode of operation uses an incremental
encoder to provide a feedback signal to the indexer. The signal
indicates the actual motor or load position.

You may use the Encoder Interface for applications that
require positional accuracy that exceeds the accuracy of the
mechanical drive components (such as leadscrew drives on X-
Y tables).

Position Tracking is not a general servo system
implementation. It does not apply any corrections to open-
loop velocity during a positioning move. It can, however,
instruct the motor to correct position errors, and actively
hold position despite external forces (position servo).

PC {with PC21 Indexer Card)

Motor with Optional Encoder

|

I —
[T Drive

Figure 1-1. PC21 Block Diagram
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Chapter 2. GETTING STARTED

Chapter Objectives

The information in this chapter will enable you to:

s Verlfy thét each component of your system has been
delivered safely

¢ Become familiar with system components and their
interrelationships

e Ensure that each component functions properly

» Configure the system properly

What You Should
Have

Ship Kit Table

Inspect your PC21 Indexer shipment upon receipt for obvious
damage to its shipping container. Report any such damage to
the shipping company immediately. Parker Compumotor
cannot be held responsible for damage incurred in shipment.
The items listed in Table 2-1 should be present and in good
condition.

~ Part/Quantity

Part Number

Board Guide IBM PC

58-004144-01

Eanoder Bracket

58-004319-01

Cable Assembly PC to Encoder

71-002490-01

Cable Assembly indexer/Driver

71-004921-10

User Guide 88-004100-04 B
Support Disk 95-004145-01
15-Pin D Connector 43-000739-01
15-Pin D Connector Shell 43-000740-01
Jumpers 43-002435-01

Table 2-1. Ship Kit List

Bench Test

This section provides procedures and information to help you
configure and test your PC21 System. This is a temporary
bench-top configuration (see Figure 2-1).

PC21 Indexer Card Motor & Optional Encoder

IBM PC Computer

Figure 2-1. Basic System Wiring Diagram
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4 PC21 INDEXER USER GUIDE

Functional Test

(Hardware)

Installing the PC21

Board

To complete the Bench Test, you will need the following tools
and additional items (not provided with the PC21 ship kit).

e An IBM computer
¢ A small screw driver
e A set of needle-nose pliers

The PC21 may be functionally tested for proper operation
without instructions from the IBM PC. A self-check can be
performed as follows:

Use the following steps to Install the PC21 board:

1. Remove power from the IBM PC.

2. Remove the cover of the computer to provide access to the
internal slots where peripheral circuit boards are added.

3. Remove the metal bracket that covers the external access
slot. On IBM computers, this slot is at the rear access
panel of the unit. This bracket will later be replaced by the
bracket on the end of the main circuit board.

4. The factory default has jumpers on pins JU3, JU6, JU9,
JU13, JU16, JU17, and JU19 installed. No other jumpers
are installed. Figure 2-2 shows the location of the pins,
jumpers, and DIP switches).

will have a jumper on JU13. Just remove the
jumpewr from JU13 to activate the self test

This is a self-test button. RAEV D and greater
do not have this button. REV D or greater
—_—

Jus

Ju7

JU13 E]

—»z 0

8L9SVEL!
[ile

[

€

S

B8

Pins

Jumper

side view

LU

Sty s
Jut Ju2

Figure 2-2. Location of DIP Switches and Jumpers

5. Mount the supplied board guide in the computer to support
the opposite end of the board. This guide snaps into holes
in the chassis of the computer (Figure 2-3).
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Circuit Board
Ingerted One
Way Only

Side View

Figure 2-3. Board Guide

6. Insert the bottom corner of the PC21 Indexer board into
the board guide slot and ease it and the bracket end
simultaneously down into the computer until the circuit

board edge connector reaches the mating connector at the

bottom. Adjust the board until the edge connector lines
up, and press it down into the mating connector.

7. Inspect the installed board to make sure that circuit board

contacts are properly aligned with the connector fingers.

PC2t Board

Mounting
Bracket

Encoder Cable

Figure 2-4. Installation Diagram
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8. Use the screw that held the original cover bracket to
fasten down the PC21 mounting bracket.

9. Connect your motor/drive to the PC by attaching the
motor/drive cable to connector J2 (9-pin D connector) on
the PC21.

10. Set up the motor/drive in accordance with the
motor/drive operator manual.

11. If the drive has limit switches, make sure they are disabled.

12. Apply power to both the motor/drive and the PC. Be sure
the motor is free to rotate in both directions.

13. Ifyou have REV D or higher of the PC21 board, remove the
jumper from JU13. This enables the self-test.

If you have REV C or lower of the PC21 board, press the
self-test button (Figure 2-2). This enables the self-test.

A 25,000 step/rev Compumotor motor will:
1. Rotate one revolution CCW.
2. Stop, then rotate one revolution CW and stop.

3. The board monitor alarm (the red LED, DS1, shown in
Figure 2-2) will light upon completion of this test.

If the motor is not a 25,000-step/rev Compumotor motor, the
self-test may still be performed, but the motor will not tum
exactly one revolution. The PC21 issues 25,000 pulses at a
rate of 5,000 Hz with the direction line held low (CCW) and
then repeats the process with the direction line held high
(CW). A 50,000-step/rev motor will turn only one-half
revolution. A 200-step/rev motor will rotate 125 revolutions
under these conditions.

Less than 25,000-step/rev motors will have an angular
velocity of more than 0.2 rps. For example, if you use a 200-
step/rev motor, the motor velocity will be 25 rps without the
benefit of acceleration ramping, and the motor might stall.

A 200- or 400-step/rev motor (i.e., PK3) may not move due to
the PC21's pulse width. The pulse width might be too narrow
for the 200- or 400-step translator to recognize. This only
affects the self-test function, during normal operation you
can change pulse width with the Motor Resolution (MR)
command (refer to Chapter 5, Software Reference).

If the motor does not rotate as described, the problem may be
in one of the following areas:

1. The pulse width for the step output is too narrow for the
drive to recognize. The PC21 step pulse width for the self-
test is 1us. Many 200- and 400-step translators require a
larger pulse width. The PC21's pulse width can be
modified with the MR command (refer to Chapter 5,
Software Reference). Changing the MR command will not
affect the self-test. You may begin Chapter 3, Installation.

2. The indexer is not receiving powered from the IBM PC I/O
bus. Check for 5VDC between TP6 and TP7. Reinsert the
PC21 board into the computer.
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Reset the PC21

Functional Test
(Software)

3. The limit switches are not connected or are not bypassed.
Ensure that limit switches are connected and closed and
that jumpers are on JU9 and JU16 for this test.

4. The self-test jumper (JU13) has not been removed.
Remove the jumper from JU13 (If you have REV D or
higher).

5. The step and direction signal is not transmitted to the
drive. Inspect the cable to ensure that it is not frayed or
cut and that it is securely fastened at each end and at its

connecting point.

If problems 1 - 5 are not the source of the system's
malfunction, check the motor cable and ensure that it is
securely fastened to the driver. Check to see if the motor has
torque. It should have torque any time it is powered unless
remote power shutdown was engaged.

After the self-test, you must reset the board before normal
operation may begin.

e Ifyou have REV D or greater of the PC21 board, turn off
power to the computer and place the jumper on JU13 to
disable the self-test.

e If you have REV C or lower of the PC21 board, turn off
power to the computer and and place a jumper on JU13 to
disable the self-test. An additional jumper is provided
with the ship kit.

1. Turn on power to the computer and insert the PC21
support disk into the computer disk drive.

2. At the A> prompt, type PC21.TERM.

Enter the device address (768), and answer Y (yes) to the
reset question.

4. You should be in the terminal emulation program. Enter
the command sequence below. If you make a mistake
while entering the commands, do not backspace. Instead,
re-type the command sequence.

Command Description

> Alg Sets acceleration to 10 rps2

> vi Sets velocity to 1 rps

> D25@20 Sets distance to 25,000 steps (1 rev at 25,000
steps/rev)

> G Execute the move (Go)

The motor should rotate one CW revolution and stop. If the
motor does not move, issue the following commands:

Command Description
> MR1 Configure motor resolution
> G Execute the move (Go)

5. Press <F10> to exit the program.

6. After successfully completing the system test. remove
power from all components (including the computer).

Proceed to Chapter 3, Installation to configure your system
for permanent operation.
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Chapter 3. INSTALLATION

Chapter Objectives

The information in this chapter will enable you to:
e Mount all system components properly

e Connect all electrical and non-electrical system inputs
and outputs properly

e Ensure that the complete system is installed properly

¢ Perform basic system operations

Environmeptal
Considerations

Ogerating 32 t0 122° F (0 to 5°C) 10 to 90% humidity
Storage -25 to 185° F (35 to 85°C)

Table 3-1. Environmental Specifications

Installation Process
Overview

Establish
Communications

Installation of the PC21 is accomplished in three basic steps:

1. Configuring the PC21 (Setting the DIP Switches and
jumpers)

2. Connecting the Motor/Drive

3. Attaching the various 1/0O connectors needed to interact
your PC21 with the rest of your system.

PC21 Indexer operation begins with its installation into an
IBM PC 1/0 slot (refer to Chapter 2, Getting Started) and is
followed by connection of the motor/drive. The PC21 may
then be self-tested to ensure that it is operating normally, but
beyond that, all interaction with the Indexer must be done
through the IBM PC.

The PC21 appears to the PC as four address locations, only
two of which are significant.

+ CONTROL STATUS (base address +1)
+  DATAINPUT OUTPUT (base address)

The address locations may appear as any I/O port that the PC
will recognize as valid. For this reason the least significant
two bits of PC21 address are not specified; they are selected by
setting the eight DIP switches. The sum of the binary values of
switches SW-1 through SW-8 is equal to the board's base
address.
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Setting the PC21's
Address

For the computer to control the PC21, it must know where to
write instructions and read responses. The PC21 must have a
unique address. The default address is suitable for testing and
general use if no other peripheral devices in the computer
have the same address (300 hex). This address does not
conflict with typical devices that reside on the 1/O bus such as
graphics adaptors, disk drives, or serial cards.

The PC21 occupies four address locations on the I/0 Bus. This
address is set with the DIP switches on the PC21 board. Each
DIP switch represents a binary number. Only two of the four
address locations are significant: one for control and one for
data. Input and output operations each use the same address.
The address may be set to any unoccupied device address.
When delivered from the factory, the PC21 is configured to
occupy 1/0 address locations 300 hex through 303 hex.

The DIP switches are negative true (i.e., any switch in the
position marked on has a binary value of zero). Switches that
are off have a non-zero binary value. Table 3-2 shows the
values assigned to the eight switches.

DIP Switch Bit # Decimal Hex Default
SW-8 2 4 2 ON
SW-7 3 8 8 ON
SW6 3 16 10 ON
SW5 5 2 20 ON
SW4 6 o4 ) ON
SW-3 7 128 0 ON
SW-2 8 256 100 OFF
SW-1 9 512 200 OFF

Table 3-2. Address Select DIP Switch Values

The allowable address locations are listed in Table 3-3. The
data I/0 register is located at the address set by the I/O address
DIP switches (300 Hex). The control and status register is
located 1 address location higher (301 hex). SW-1 and SW-2
are OFF. Definitions of specific addresses from the IBM
Technical Reference Guide are listed in Table 3-3.
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Hex Range | Device
000-01F [DMA Controller 1, 8237A-5
020-03F Interrupt controller 1, 8259A, Master
040-05F Timer, 8254-2
060-06! 8042 (Keyboard
070-07F Real-time clock, NMI (non-maskable interrupt) mask
080-09F [DMA page register, 74LS612
0AO-OBF Interrupt Controller 2, 8259A
0CO-ODF DMA controller 2, 8237A-5
) Clear Math Co-processor Busy
OF1 [Reset Math Co-processor
OF8-OFF Math Co-processor
1TFO-1F8 [Fixed Disk
200-207 Game 110
20C-20D [Reserved
21F [Reserved
278-27F [Paralle! printer port 2
280-20F | [Alternate Enhanced Graphics Adapter
2E1 GPIB (Adapter 0)
2E2 & 2E3 [Data Acquisition (Adapter 0)
2F8-2FF Serial Port 2
| 300-31F ' Prototype Card (PC21)
360-363 PC Network {low address)
364-367 [Reserved
368-36B PC Network (high address)
36C-36F Eeserved
378-37F Parallel printer portt
380-38F SDLC, bisynchronous 2
390-393 Cluster
GAO-OAF [Bisynchronous 1
3B0-3BF Monochrome Display and Printer Adapter
3C0-3CF [Enhanced Graphics Adapter
3D0-3DF Color/Graphics Monitor Adapter
3F0-3F7 Diskette Controller
3F8-3FF Senial port 1
6E2 & 6E3 Data acquisition (Adapter 1)
790-793 Cluster {Adapter 1)
AE2 & AE3 [Data acquisition (Adapter 2)
B90-B93 Cluster (Adapter 2)
EE2 & EE3 Data acquisition (Adapter 3)
1390-1393 Cluster (Adapter 3)
20E] [GPIB (Adapter 1)
2390-2393 Cluster (Adapter 4)
42E1 [GPIB (Adapter 2)
BoE 1 [GPIB (Adapter 3)
B2ET [GPIB (Adapter 4)
AZET [GPIB (Adapter 5)
C2E1 GP!B (Adapter 6
E2E 1 GPIB (Adapter 7) .
I/O Address, hex 000 to OFF, are reserved for the system board I/O. Hex 100 to 3FF
are available on the /O channel.

Table 3-3. 1/0 Addresses Map, IBM PC
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DIP Switches
1-8 in defauit
positions
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Figure 3-1. Location of DIP Switches and Jumpers

The PC21 is shipped from the factory with DIP switches 1 and
2 on. all others on. The board address is 256 + 512 = 768 (or
100 + 200 = 300 hex). The control and status registers are at
the odd address location (301 hex), and data registers are at
the even address location (300 hex).

The jumper configuration as shipped from the factory
disables the limits, does not use any interrupts, does not select
the encoder Z channel polarity, and assumes differential step
& direction outputs. Table 3-4 lists the jumpers.

Jumper _LDescriptlon
JU1 Selects interrupt 3 on PC 1/O bus
JU2 Eelects interrupt 4 on PC /O bus
JU7 E~Channel input active low
Jus Z-Channel input active high
J05 ] [Bypass CCW limit switch
JU10 Installed when CCW limit switch is optically isolated
JU11 Installed when CCW limit switch is directly driven
JU13__| [Test switch disable
JU14 Installed when CW limit switch is optically isolated

JU15 Installed when CW limit switch is directly driven
Ju16 Emass CW fimit switch
Ju17 Differential direction output

Juig Single-ended direction output
JU19 Differential step output
JU20 Single ended step output

Table 3-4. Jumper Functions

Basic 3ystem The motor/driver connection is required for any axis.

Connections e Motor/Driver: Provides the output signals to the drive to
step the motor, change direction, or de-energize the motor.

e Encoder: Accepts position feedback signals from an
optional incremental encoder.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



CHAPTER 3. INSTALLATION 13

Connecting the
Motor

Non-Compumotor
Motor Wiring

Differential or
Single-Ended
Motor/Drive Output

A Compumotor motor/drive is connected to the PC21 as
shown in Table 3-5.

J2 Pin # Function

1 .S.pr Output

Direction Qutput

CW Step Output

CCW Step Output

[Shield

Direction Output (RTN or Ground)

Shutdown Qutput

2
3
4
5
6 EF——EEOUI put sRTN'or round)
7
8
9

Shutdown Output (RTN;
TR TN—Indicates complement of signal for usa in diferential drive applications

Table 3-5. Motor/Drive (J2) Connector Listing

The PC21 can control a 200- to 400-step/rev motor. If the
motor/drive uses step and direction lines, it can be wired the
same as a Compumotor motor/drive. If the non-Compumotor
motor/drive uses CW and CCW control lines, use pins 3 and 4
instead of pins 1 and 2. Jumpers should be placed on JU18
and JU20. Pins 6 and 7 of J2 (9-pin D connector) should be
used as the signal returns for the CW and CCW step outputs.
The CW and CCW outputs are open collector and should be
pulled up to operate properly.

The output driver for the step, direction, and shutdown control
lines is a 75174 from Texas Instruments, which provides
current for the standard Compumotor optically coupled
interface {typically 20 mA). The output voltage for this device is
specified to drop no lower than 3V when high, but it will not
generally approach +5V. Therefore, a non-Compumotor
motor/drive, if it is voltage-driven, not current-driven, should
be able to operate with a 3V to 5V high signal.

For applications that require single-ended the step and
direction outputs to the motor/drive must be , you must
install jumpers JU18 and JU20. For differential output,
install jumpers JU17 and JU19. Compumotor motors
normally use differential step and direction circuits like the
one shown in Figure 3-2.

Step +
AN/

Step - Yy

Motor/Drive

Figure 3-2. Step Input Circuit
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Encoder Connector Determine if encoder feedback is required. When you select
Position Tracking, several choices are available:

1. You can mount the encoder at the load and assure the
proper positioning of the load despite any gear play or
friction effects of the mechanical transmission between
the motor and the load.

2. You can use a motor with the encoder mounted on the
motor shaft so that the motor will resist movement
induced by externally applied torques.

3. You can use the encoder as a stall detector to identify
whether the motor has stalled.

4. You can use the encoder to independently verify the load

position.
Encoder The encoder connection (J3) is located at the end of the board
Connections furthest from the mounting bracket. Install the cable so the

side of the cable with the dark-colored wire is on top when the
PC21 is installed in the IBM PC. (It is advisable to do this
before you install the PC21 into your computer.) The end of J3
is marked with a 1 to signify pin #1 of the connector. The
other end of the cable has a 25-pin D connector on it that is
attached to the encoder mounting bracket. The bracket is
then mounted to the back in a spare slot of the IBM PC (refer to
Figures 3-3 and 3-4).

PC21 Board

Mounting
Bracket

Encoder Cable

Board Guide

Figure 3-3. Mounting the Encoder

Top View
Side View

‘1{? ooooooooi e 0 gooooooooooooooo] o | El

Figure 3-4. Encoder Mounting Bracket

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



CHAPTER 3. INSTALLATION 15

Encoder Hookup
(Compumotor
Encoders)

INDEXER DRIVE MaTOR

[ e
4& ENCODER

1

MOTOR

INDEXER DAIVE

"1 ENcoper

Figure 3-5. Closed-Loop Control of a Stepper Motor

The encoder connects to the PC21 via the 25-pin D connector.
The only signals required are Channel A, Channel B, and
GND. Channel Z should also be connected if the encoder has a
Home output.

The encoder will require +5VDC to operate. You must provide
this +5VDC wired into J1, the Auxiliary Connector, pin 6.
Ground is on J1. pin 7.

Compumotor provides optional motor-mounted encoders for
most motor sizes. The encoders have a resolution of 1000
encoder lines. Compumotor encoders are prewired at the
factory and connect directly to the PC21.

To implement the Position Tracking function, connect an
encoder to the PC21. Figure 3-6 shows a typical application of
an encoder. Encoder cutputs must be TTL, not analog (sine
wave), and not open collector. The minimum encoder
connection requires Channel A+, Channel B+, and Ground.
The PC21 is compatible with any TTL output incremental
encoder. A flat encoder cable is provided that connects to a
header on the PC21. When an encoder is used, this cable is

connected to J3 on the PC21.

The PC21's encoder inputs are compatible with any TTL
encoder load mounted or encoder mounted, rotary or linear.
The PC21 can be programmed to accept any encoder resolution.
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To set up the PC21 to accept encoder input, you must know the
number of encoder pulses that will be returned to the Indexer
for a given number of pulses sent to the motor. This is set via

the (ER) command.

Motor-mounted rotary encoders are the easiest to specify:
multiply the rated resolution of the encoder by four and enter
that directly into the command (e.g., ER4g2@<d>).

This example command specifies the encoder resolution for a
1000-line encoder, the standard offered by Compumotor and
the default setting of the PC21. For an encoder with 4096 lines
per revolution, the command would be ER16384<d>.

Although this a valid resolution, it would be somewhat high
for a 25,000-step/rev motor, as the ratio of motor steps to
encoder steps (25,000/16,384) is less than 2:1. This could make
system operation unstable because the motor would not have
adequate room to position itself with respect to the encoder.
Optimum operation is achieved with a ratio of about 4:1.

Encoders that are not mounted on the motor are more
complicated to specify. The ratio of motor turns to encoder
turns must be considered. A rotary encoder that is mounted
on the load can compensate for mechanical components
between the motor and the load (e.g., a belt and pulley).

For example, to specify the Encoder Resolution (ER) command
for a motor that must turn six revolutions to turn a load-
mounted 1000-line encoder one revolution would require
multiplying the encoder resolution by four {the multiplier
applied by the PC21's encoder input circuitry), then dividing
by six (the turns ratio), giving a result of 666.667. This
formula is provided below.

(encoder resolution [pre quadrature] x 4)/number of motor turns (to turn encoder 1 rev)
or
(1000 x 46 = 666.667 the command would be ER666.667<d>

A linear incremental encoder may also be used. Linear
encoders are usually mounted alongside a screw-driven
apparatus (such as an X-Y table). To specify the encoder ratio,
you must know the number of encoder pulses per motor
revolution. For example, an encoder with a 500-line per inch
resolution and 2 channel output, {1 channel 90° out of phase
from the other) can be run to the PC21 where it will effectively
multiply the motor resolution by 4, giving 2000 encoder
pulses per inch.

For example an X-Y table uses two 10-pitch (10 turns per inch)
leadscrews, the encoder returns 2000 pulses per 10 motor
revolutions. As a formula, this would look like:

((encoder lines/inch x 4))/number of motor turns per inch
or
({500 x 4))/10 = 200 the command would be ER200<d>
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Z Channel Input
Polarity Choice
Jumpers

Input/Output
Connections

Limit Switch Inputs

If an encoder is used, the proper Z Channel polarity must be
chosen. If the Z Channel input signal is an active high signal,
you must put a jumper on JU8. If the signal is active low, put a
jumper on jumper JU7 for proper operation.

The PC21 has the following input and output connections.

Limit Switch Inputs
Home Position Sensor
Trigger Inputs
Programmable Output Bit

The limit switch inputs are on connector J1 (pin numbers are
shown in Tables 3-6 and 3-7). The CW and CCW limit switch
inputs stop sending pulses to a motor/drive in an emergency.
The motor response is the same as it would be if using the Kill
(k) command. The limit switches provide a signal ground to
the limit switch inputs when directly driven under normal
operating conditions and allow the inputs to float high when
the switch is activated. If a wire breaks anywhere in the limit
switch circuit, the motor will immediately stop moving
toward the limit switch until the open-circuit condition is
corrected.

Signal J1 Pin #
CWINPUT 1
CWRTN 9
CCWINPUT 1
CCWRTN 3

Table 3-6. Optically Isolated Limit Switch Inputs

Signal J1 Pin #
CW INPUT 1
CWRIN 10
CCW INPUT 1
CCW RN 2

Table 3-7. Directly Driven Limit Switch Return

In applications that do not require limit switches, put
jumpers on JU9 and JU16 (factory-set configuration).

A limit switch is normally a closed, single-pole, single-throw
switch, hall-effect proximity sensor, or an optical interrupter
that is placed sufficiently far from the load's end of travel to
allow the load to stop its maximum running velocity without
damage. The switches must be able to provide the following in
the Directly Driven mode:

1. 2 mA current sinking capability (2 mA closure to ground)
2. Logic low no greater than +0.5VDC

3. Logic high no greater than +5VDC (unless open collector)
4. Minimum signal high duration of 10 ms

If the limit switch inputs are optically isolated, an external
power supply capable of delivering 10mA at 3VDC (minimum)

must be provided.
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Limit Switch
Implementations

Mechanical
Switches

When the limit switch inputs are in Directly Driven mode, the
limit switch returns are the PC21's signal ground. Do not
connect these lines to earth ground or use them for a shield.
Reduced noise immunity and increased susceptibility to
damage due to voltage or current spikes on the power line can
result from miswiring the limit switch inputs.

You should shield the limit switch wires to prevent voltages
from being induced into them that could cause the limit
switch inputs to be activated. Suitable switch types are:

1. Vane-activated magnetic switch —Microswitch 4AV1C-T1
2. Vane-activated optical switch —Spectronics SPX2002
3. Proximity sensor, Hall effect —Microswitch 205SR1A

Table 3-8 provides the characteristics of the limit switch
jumpers. Table 3-9 contains the functions of all PC21
jumpers.

Limit_Switch J09 | [JU10][9U11][JU1a] [JU1s5][JU16
Optically Isolated || OUT. N | [ ouT IN_][ouT [ ouT
Directly Driven out |[ouT [N ouT IN OUT_|
No Limit Switches w | [our |[our |[oor [ our [N
= Jumper Installed = Jumper Not Instalied

Table 3-8. Limit Switch Jumpers

Jumper Description
JU1 Selects interrupt 3 on PC I/O bus
JU2 Eelects Interrupt 4 on PC 1/O bus
JU7 ﬁhannel input active low
JUs Z-Channel input active high
JU9 Bypass CCW limit switch
JU10 Installed when CCW limit switch is optically isolated
JU11 Installed when CCW limit switch is directly driven
JU12 l/(Vhen installed disables the Board Monitor Alarm
JU13 Test switch disable
JU14 Installed when CW limit switch is optically isolated
JU15 Installed when CW limit switch is directly driven
Ju1é Bypass CW limit switch
W17 Differential direction output
JU18 Single-ended direction output
JU19 Differential step output
JU20 Single-ended step output

Table 3-9. Jumper Functions

The traveling load hits a spring-loaded roller or lever
actuated mechanical limit switch causing contact between the
limit input and ground. The switch should be normally closed
and suitable for small signals.
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. ) AUXILIAR (J1)
External CW Limit Switch
(Normally Closed)

PIN #
#1 o~

AN 11
’—C""G —
° 1
8 ! 10

#2 e
AN
oo AT
1
!
\\. - 2
External CCW Limit Switch
(Normally Closed)

#1— This input may be bypassed by installing JU16
#2 —This input may be bypassed by installing JUS

Figure 3-6. Mechanical Limit Switches

+5V (External to PC21 ' Pin#
provided by user)

CW Limit Input (#1) ~
LA 11
\

1
|
}
T

i

14

1
— ]
[y
- 77
CCW Limit Input (¥2) ~o!
gy S
|

T |

|

/77

Normally Closed
Switches

#1—This input may be bypassed by installing JU16
#2—This input may be bypassed by installing JUS

Figure 3-7. Optical Isolation, Mechanical Limit Switches
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Jumper here for J here
Auxiliary non-optical isolation umper here lor

optical isolation
Connector {J1)
v
' Jumper
f ]
o

100

H
OPTOS tort i
Non-OPTO Limit AN 1O
+ [A
Non-OPTO H
Limit Return 10 or 2 >~

- - -

OPTOLimit | | ) ZS IN914
Return ‘% 4N33 {2 PLCSO
)
| —

Jumper here to disable limit switches

Figure 3-8. Limit Switch Inputs to PC21

The spring-loaded actuator is required to prevent load impact
from damaging the switch or shortening its life (see Figure 3-

9).
/ Spring

Microswitc

NO NC
Limit Input >
Limit Input
N
GND D

Figure 3-9. Load-Activated Normally Closed Switch

VANE-ACTIVATED The load has a sheet-metal vane mounted to it that passes

MAGNETIC SWITCH either into or out of the switch at the limit depending on
switch output polarity. The output must be normally low. The
vane must be ferrous (e.g., Microswitch 4AV1C-T1).

VANE-ACTIVATED The load has a vane mounted to it that passes either into or

OPTICAL INTERRUPTER gt of the interrupter at the limit depending on interrupter
output polarity. The output must be normally low (e.g.,
Spectronics SPX2002). Refer to Figure 3-10.
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THe HOME POSITION
SENSOR

Trigger Inputs

Load mounted vane enters siot,

+6VDC N e~ interrupts light, output goes ot

N pd
—o(]_| |3

™~

GND >_———] I

Figure 3-10. Vane-Activated Optical Interrupt Limit Switch

The load has a magnet mounted to it that is detected by the
sensor when the load approaches (e.g., Microswitch 205SR1A).

Some motion control systems require an absolute reference

(so that a known position may be found prior to attempting a
precise move). The Home Position Sensor {connector J1, pin
5) is used as a Home Position Sensor in motor step mode and
as an enable in Encoder mode.

The home position sensor attached to the home enable input
must have all of the electrical characteristics described above
for the limit switches in the directly driven mode. The home
enable input is ignored when it is not used as a position
reference and is active low. Signal ground for the Home
Position Sensor is the same as that of the limit switches.

+5V
Auxiliary A
Connector (J1)

\
) 10K AN
:
[

Trigger
nzes [V
, 12,13,14 100

5 ZS N9 14

1
1
: (2 PLCS)

Home Enable

-

Figure 3-11. Typical Home Enable or Trigger Input Circuit

The Trigger inputs consist of three inputs on the Auxiliary
Connector, J1, as listed in Table 3-10. The PC21 may be
programmed to electronically watch any one of these inputs
and perform a predefined function when the proper signal
appears. The Trigger inputs are level sensitive.

Pin Number Description
J1-14 TRIGGER Input 1
J1-13 TRIGGER Input 2
Ji-12 TRIGGER Input 3

common (signal ground) Is on pins 7 and 8.

Table 3-10. Trigger Bits
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Programmable
Output

ReEmMOTE POWER
SHUTDOWN (ST
COMMAND)

Trigger inputs may be either a high or low level to indicate an
active condition. Selection of the level triggering is done
when issuing the (TR) command. Figure 3-12 is an
illustration of an active level-sensitive Trigger Bit.

HIGH
ACTIVE LOW

LOW

HIGH H
ACTIVE HIGH

t> =10 MSEC
Ltow

Figure 3-12. Level-Sensitive Trigder Bit

The Programmable Output Bit (pin 15 of J1, the Auxiliary
Connector) is capable of driving five LS TTL loads. It can be
used to trigger an external event during, or at the completion
of, some Compumotor motor-driven action.

External +5VDC Input. If an Optical Encoder is used with the
PC21, then a +5VDC +-5% supply capable of supplying 250 mA
must be connected to pin 6 of J1. +5V return may be obtained
on either pin 7 or pin 8 of J1.

The Remote Power Shutdown control line (J2, pins 8 and 9) is
a Compumotor feature that allows the motor to be shut down
for the purpose of motor/drive cooling or to allow you to
manually position the load. Although the standard
Compumotor motor/drive is rated for a 100% duty cycle, it is
sometimes advantageous to shut down the motor/drive to
lessen the amount of heat dissipated into the operating
environment. Additionally, since stepper motors normally
have full-rated torque at zero velocity, it becomes very
difficult to manually position the motor's load with power
applied to the motor. Rather than remove power from the
motor/drive under these conditions, Compumotor has
provided the Remote Power Shutdown feature.

CAUTION

Position can be lost when shutting down the motor and
powering it back up again. When you must maintain
position while the motor is shut down, use a friction lock
or brake to maintain shaft position.

Remote Power Shutdown is found on pins 8 and 9 of J2. Pin 8
goes high with reference to pin 9 when Remote Power
Shutdown is activated. Remote Power Shutdown is controlled
with the Shutdown (ST) command of the command language.
The command to shut down the motor will be ignored if the
motor is moving; the PC21 will ignore the command if it is

moving when the (ST) command is received.
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Test-Switch Disable
Jumper

Host Interrupt
Jumpers

JU13 is the test-switch disable. You should install this
jumper unless the test function is to be executed. When this
jumper is not installed, you can test operation of the PC21
without the need for interaction with the PC (Refer to Chapter
2, Getting Started).

The test function causes the PC21 to issue 25,000 pulses at
5,000 Hz in the CCW direction and then issue the pulses in the
CW direction. At the end of the test sequence, the PC21 tests
the Board Monitor Alarm. This means that the PC21 will go
into a fault condition, from which it must be reset. This is
normal. The red LED, DS1, mounted on the rear of the board
between J1 and J2, lights when this occurs.

Several conditions (such as having a byte in the output data
register or hitting a limit) can be chosen as a trigger for
generating a hardware interrupt to the IBM PC. See the
description of the QS, QR, and QI commands. If this is
desired, the host interrupt jumpers JU1 and JU2 must be
configured. Only one jumper, JU1 or JU2, can be installed;
take care to ensure that no other board in the PC is generating
an interrupt on the selected line (including another PC21
card). Interrupt 3, JU1, or Interrupt 4, JU2, are pins B24 and
B25, respectively, of the PC 1/0 bus. The appropriate interrupt
service routine must exist in your program or unpredictable
results will ensue. In BASIC JU1 interrupts on COM 2 and
JU2 interrupts on COM 1.

Establish
Communications

Motion control commands and responses are transferred via
the Input and Output Data Buffer (IDB and oDB), at the PC21
base address. Interface control commands and status
information are transferred via the Control Byte and Status
Byte (CB and SB), one address location above the base address.

In the PC21, the oDB and the SB are read-only registers. The
IDB and the CB are write-only registers.

Indexer commands are strings or sequences of ASCII
characters. Passing a command to the PC21 calls for
transferring each character in the command one at a time.

Each character transfer requires that the sender notify the
recetver that a character is ready, and that the receiver notify
the sender that the character has been received. The
notification process makes use of single bit flags of the eight
bit SB and CB registers being set high (1) or low (0) to denote
the ready or busy condition as described below.

Sample Read and Write routines that access the computer's I/O
bus are provided on the demonstration diskette which
accompanies the PC21.

Step-by-step procedures for resetting the PC21 (which should
be done at the start of any user program), writing a character
to the PC21, and reading a character from the PC21 are in
Chapter 4, Application Design. Followed the instrunctions if
you intend to write your own subroutines in other program
languages.
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System Test

Utility Commands

1.Enter Terminal
Emulation Mode

2. Test CW & CCW
Limit Input
Connections

This section is provided to test for proper system connections
and operability.

The utility commands below may be useful throughout this
section while testing your PC21.

Command

> K Halts the motor immediately. The immediate
deceleration may cause a loss of position. This is a
panic stop. The PC21 run this command as soon
as you issue it (immediately).

> 8 Decelerates the motor to a stop using the last defined
acceleration value. The system executes this
command immediately after you issue it.

> “H instructs the PC21 to backspace the cursor and
delete the last character you entered
> PS Instructs the motor to pause for a period of time that

you specify. Buffered commands that follow the PS
command are not executed until the indexer receives
a Continue (C) command to clear the pause and
resume execution.

This system test uses the same terminal emulation mode used
for the bench test you performed in Chapter 2. Complete the
following steps to enter the terminal emulation mode:

1. Insert PC21 support diskette into the disk drive.

2. At the A> prompt, enter PC21TERM.

3. Enter device address 768 and answer Y (yes) to the reset
question.

The PC21 should now be in terminal emulation mode, ready

to accept X language commands. Press <F10> at the end of
this system test if you wish to exit the program.

Before you verify that the limit switches are working
properly, check the following connections:

e Ensure that the CW and CCW limit switches are wired
properly (normally closed switches that open when the
load moves to the limit position).

¢ Make sure that the load is not attached to the motor.

» Make sure that you can manually open and close the limit
switches.

Use the following procedure to test the limit input switches on
axis #1 (repeat for each axis):

Open both CW and CCW switches.

2. Type RA. The response should be *L this means that both
CW and CCW limits are opened.

Close the CW limit switch.

Type RA. The response to this command should be *H,
indicating CCW limit switch is open.
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3. Test Trigger
Input Connections

5. Close the CCW limit switch and open the CW limit switch.

6. Type RA. The response should be *D, indicating the CW
limit switch is open.

Once the responses to Steps 1 through 6 are correct, continue
with Step #7.

7. To test the CW limit switch, enter the following command
string:

Command

> MC Sets indexer to mode continuous
> AS Sets acceleration to 5 rp$2

> V2 Sets velocity to 2 rps

> H+ Sets motor direction (+ = CW)

> G Executes the move (Go)

The motor should move at a constant velocity.

8. Open the CW limit switch. The motor should come to a
stop at 5 rps?
9. To test the CCW limit switch, enter the following string of

commands:
Command Description
> MC Sets indexer to mode continuous
> Al Sets acceleration to 1 rps2
> Vi Sets velocity to 1 rps
> H- Sets move to the CCW direction
> G Executes the move (Go)

The motor should move at a constant velocity.

10. Open the CCW limit switch. The motor should come to a
stop at 5 rpsz.

If the motor continues to move, open the CW limit switch. If
the motor stops when you open the CW limit switch, swap the
CW and CCW limit input wires.

If neither of these limit switches stop the motor, recheck your
switch wiring and refer to Chapter 7, Troubleshooting.

The three trigger inputs are typically connected to sensors or
other signal sources to provide the indexer with information
on external conditions. The indexer can be programmed to
wait until one or more inputs switch to a desired state (on or
off, 1 or 0). The TR command causes a pause in the execution
of buffered commands if one or more trigger inputs are not in
the state specified by the command. The TS command reports
the state of all three trigger inputs.

Use the following steps to verify that you have wired the
trigger inputs properly:

1. Type Ts. If all the trigger inputs are open (not grounded),
the response should be 222.

2. Close the TRIG 1 input switch.
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3. Type TS. The response should be 12@. This verifies that
the TRIG 1 input is closed.
Repeat steps 1 through 3 for each trigger input.
4. Enter the following commands:
c ! Descripti
MN Sets indexer to normal mode
A2 Sets acceleration to 2 rps2
v2 Sets velocity to 2 rps
D25820 Sets distance to 25,000 steps
TR1XX Wait for Trigger Input 1 to be grounded
G Executes the move (Go)
5. Ground trigger input 1 (motor will move).
4. Test POB The PC21 is equipped with three programmable output bit.
Connection You may use it to signal a peripheral device that the PC21 has

5. Test Encoder
Resolution

just completed some event. The output is controlled with the
0 Command.

Perform the following steps to verify that you have wired the
outputs properly:

1. Type O1.
The response from this command should be 5VDC, as
measured between the POB (pin 15) and ground (reference
pin 7 or 8).

2. You may change the reading between the POB (pin 15) and
the ground reference to logic low (@VDC) by entering the
following command: 0g.

The PC21's encoder feedback functions will not operate
properly if the encoder resolution or signal polarity are
incorrect.

The Encoder Resolution (ER) command defines the number of
positions (steps) received by the drive per revolution of motor
movement. If you have an encoder, refer to the operator's
manual for the resolution of your encoder. Use the following
example as a guide for setting your encoder resolution:

Command Description
ER4000 Tells the indexer that the encoder has a resolution of
4,000 steps/rev after quadrature (1,000 lines)

You may test the encoder resolution setting with the following
procedure. The objective is to move the motor with open-loop

moves and verify that the number of feedback encoder counts

meet with your expectations.

1. Issue the FR status request command to verify that all
encoder functions are off. The response should be
peoeaeed. If the response is not 2@@2@22d, refer to the
FR and FS commands in Chapter 5, Software Reference.

2. Use the following commands to make the motor move 1
revolution and set the absolute position counter to zero
(example assumes use of a 25,000 step/rev motor):
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6. Test the Homing
Function

Go Home Process

Command Description

MN Sets mode to normal

FSB® Sets indexer to motor step mode

AlQ Sets acceleration to 10 rps2

V2 Sets velacity to 2 rps

D25228 Sets distance to 25,000 steps

PZ Sets absolute position counter tc zero
G Executes the move (Go)

3. Report the encoder position with the following

commands:
Command
FSB1 Place PC21 in encoder step mode
PR Report encoder counts
FSB@ Place PC21 in motor step mode

4. Issue the FSB@ command and repeat steps 1 through 3 to
ensure that the backlash or motor windup are not
interfering with the test. Issuing the encoder position
report commands should yield a number very close to the
parameter that you specified with the encoder resolution

(ER) command.

If the encoder position report is negative, encoder channels A
and B are reversed. You can correct this by swapping encoder
channel A+ with B+ and A- with B- (reversing encoder
direction). Be sure to turn power off before reversing any
wires.

This section provides procedures to test the home switch and
the homing function for both open-loop and closed-loop
operation. Open-loop homing uses only the home switch to
establish the home reference position. Closed-loop homing
uses the home switch and the Z (index} channel from an
incremental encoder to establish the home reference position.

1. To initiate the homing function, you must issue the Go
Home (GH) command. When you issue the GH command,
you must include the direction and velocity that the motor
should use to search for home. You may also specify the
Go Home acceleration with the GA command.

2. After you issue the GH command, the motor begins to move
in the direction and at the velocity and acceleration that
you specified. The PC21 waits for the home limit input to
go active (usually activated by the load closing a
normally-open home switch). If the motor trips an end-
of-travel limit switch while it searches for home, it will
reverse direction and look for the home limit input to go
active. If the motor trips the other limit switch before it
detects the home signal, the Go Home move will be aborted
and the motor will stop.

3. While the motor (and load) is moving, the PC21 recognizes
the home position as the position where the home limit
signal makes a transition from OFF to ON.

The motor decelerates to a stop.

The indexer automatically resets its internal absolute
position counter for that axis to zero (same as issuing PZ).
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Test Open Loop
Homing

Test Closed-Loop
Homing

You can verify if the homing process was successful by issuing
the Go Home Status (RC) command.

There are two situations in which the PC21 can lose track of
the home position.

e Overshoot resulting from a Go Home velocity that is too
high,

e A mechanical or electrical home switch signal delay. In
such situations, you should reduce the Go Home velocity.

Use the following procedure to test the open-loop homing
function:

1. Issue the following commands:

Command Description
GAS Sets go home acceleration to 5 rps2
GH+2 Instructs the motor to go home (CW) at 2 rps

The motor should move in the CW direction at a constant
velocity of 2 rps. When the load closes the home switch (if the
motor is not connected to the load, you must manually open
and close the switch), the motor decelerates to a stop.

2. Issue the PR command to verify that the homing is
complete and that the absolution position counter is reset
to zero. The response should be +22222233.

3. Issue the RC command to verify that the homing was
successful. The response should be *C.

The closed-loop homing function uses the encoder's Z channel
and the Home switch for positioning. The Z channel is output
once per revolution of the rotary encoder. Home is
established when the load opens the normally-closed Home
Enable switch, and while the switch is open, the encoder
outputs its Z Channel pulse. You can adjust Z Channel and the
Home switch to coincide by:

1. Decoupling the encoder from the motor and turning the
encoder until they coincide

2. Moving the home switch until they coincide

CAUTION

If the Home input is active for more than one encoder
revolution, multiple home definitions will result and the
repeatability of the homing function will be lost. When
no Home Enable switch is needed, this input should be
left unconnected.

You can perform closed-loop homing only if the PC21 is in the
encoder step mode (set with the FSB1 command).

You can change the active states (active high or low) of the the
Z channel with JU7 and JU8 (see the jumper descriptions
earlier in this chapter).
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Use the following procedure to test the closed-loop homing
function:

1. Issue the following commands:

Command

FSB1 Enable encoder step mode

GAS Sets go home acceleration to 5 rps2

GH+2 Instructs the motor to go home (CW) at 2 rps

The motor should move in the CW direction at a constant
velocity of 2 rps. When the load closes the home switch (if the
motor is not connected to the load, you must manually close
the switch), the motor decelerates to a stop. The motor creeps
CW at 0.1 rps and stops when the Z channel pulse from the
encoder is received while the home switch is active (closed).

2. Issue the PR command to verify that the homing is
complete and that the absolution position counter is reset
to zero. The response should be +22232@202.

3. Issue the RC command to verify that the homing was
successful. The response should be *B.
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Chapter 4. APPLICATION DESIGN

Chapter Objectives

The information in this chapter will enable you to:

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

e Understand the capabilities of the system
e Customize the system to meet your requirements

e Use sample applications to help you develop your
application

Motion Control
Concepts

Move Profiles

This chapter discusses the control of a single axis, which
executes simple motion profiles. Multiple-axis coordination
and complex profiles are also discussed.

All indexer applications involve either movement of a motor
to a precise position (number of steps) or movement of the
motor at a prescribed velocity (steps per second). Output
control for both position and velocity can be controlled with a
high degree of precision without any additional external
encoder feedback.

Position or distance parameters are defined in terms of motor
steps, but velocity and acceleration parameters ordinarily use
revolutions (or inches for linear motors) as units of distance
(i.e., rps). The discussions that follow will refer to velocity in
terms of revolutions for rotary motors. Most of the
discussions also apply to linear motors (inches are
substituted for revolutions when distance, velocity, or
acceleration units are discussed).

When commands are structured for the system, you must
think in terms of the number of steps/rev (e.g., for a 25,000-
step motor, 180° = 12,500 steps, 1 revolution = 25,000 steps,
etc.). You must refer the desired load motion for your
application to motion of the motor. The indexer
accommodates a wide range of resolutions.

Motor motion must be specified in terms of acceleration
(rps?), angular velocity (rps), and angular position (either
incremental steps from the current motor position or
absolute steps from a reference zero position).

In any motion control application, the most important
requirement is precise position, whether it be with respect to
time or velocity. A motion profile represents the velocity of
the motor during a period of time in which the motor changes
position. The type of motion profile that you need depends on
the motion control requirement that you specify. The basic
types of motion profiles are described below. The PC21 can
perform all of the profiles discussed in this chapter.
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Triangular and
Trapezoidal Profiles

For constant acceleration indexing systems like the PC21,
velocity, acceleration, and distance parameters are defined
before the system executes a preset move. The value of these
parameters determines the type of motion profile as either
triangular or trapezoidal. A motion profiletriangular profile
results when the velocity and acceleration are set such that
the defined velocity is not attained before the motor travels
half of the distance that you specify. This results from either
a relatively low acceleration, a relatively high velocity, or
both. For example, if the acceleration is set to 1 rps?, velocity
is set to 10 rps, and distance is set to 4,000 steps, a triangular
motion profile results. The motor reaches the mid-point of
the move before it reaches the set velocity, and begins
decelerating at the same rate as the acceleration (back to zero
speed). The motion profile for this move will resemble the
profile shown in Figure 4-1.

Vmax f= = = = = - -

- - f - — 1 -~ A~ - Vavg = 1/2 Vmax Velocity
(rps)

Velocity
(rps)

N Rarma pte
ta © o

a d
Triangular Trrapezoidal
ta = Accelerate
tc = Time (seconds) constant velocity

td = Decslerate

Figure 4-1. Triangular Profile

A motion profiletrapezoidal profile results when the defined
velocity is attained before the motor has moved half of the
specified distance. A trapezoidal move may occur if you
specify a low velocity with a high acceleration or a long
distance. The resulting motion profile will resemble the
profile shown in Figure 4-1.

Acceleration/ Deceleratforeration is defined as the rate of increase of angular

velocity in rps?2. When the indexer accelerates the motor from
a stopped position to a given velocity, a series of steps of
increasing frequency is sent to the drive. You can also use the
acceleration parameter (A) to decelerate the motor when you
change velocity or make an ordinary stop.

You can use relatively high step rates to drive high-resolution
Compumotor motors. Therefore, the shaft motion can be
graphically portrayed by a straight line.

The acceleration/deceleration rate must be limited to account
for the inertia of the load plus friction, to allow operation
within the torque limits of the motor.

For step motor systems, Compumotor recommends a safety
margin of 50 to 100% of normal load torque requirements. If
you enter an acceleration rate that exceeds the capability of
the motor and drive, the system will stall.
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Move Times—
Calculated vs.
Actual

Determining Motion
Parameters

For servo systems, the total torque loading must be kept below
the continuous duty torque available. But the system may be
intermittently loaded well above the continuous duty rating.
If you select an acceleration rate that requires torque in
excess of the capability of the motor and drive, an excessive
position error or drive fault will result.

Normally, acceleration and deceleration occur at the same
rate. Inthe Continuous mode, you may use different rates.

You can calculate the time required to complete a move by
using the acceleration, velocity, and distance values that you
define with the A, v, and D software commands respectively.
However, you should not assume that the values that you use
will constitute the actual move time. Calculation delay and
motor settling time may increase the time required to
complete a move. After you issue the Go (G) command, the
PC21 may take up to 50 ms to calculate the move before the
motor starts moving. You should also expect some time to
elapse for the motor and the load to settle.

You can use either an analytic approach or an experimental
approach to establish the acceleration and velocity
parameters appropriate to the application.

Determine the number of motor steps (or encoder steps if
appropriate) required to reach a desired angular position of
the motor shaft based on the motor resolution and
transmission characteristics. The motor/drive must be sized
for the application. Refer to the Compumotor Product Catalog
for sizing guidelines.

In limited travel situations, you should install end-of-travel
limit switches to protect the load.
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Analytic Approach

You must reference the desired load motion pattern to the
motor shaft. The motor/drive acts as a stiff drive source. The
system analysis should take into account any gear play,
coupling effects, transmission elasticity, load inertia, and
load friction. These considerations affect positioning
accuracy, maximum acceleration, and maximum velocity.

Motion parameters are calculated similarly for positioning
and speed control applications. Indexing motion parameters
are typically defined by how far the load is to be moved in a
specified period of time. For speed control, you must
determine how much time passes, or what distance is covered
before the load gets to the desired velocity. For indexing,
distance divided by move time yields average velocity.

V = velocity
D = distance
Mt = move time

For a triangular motion profile, maximum velocity (Vnax) is
twice the average velocity (2Vaye). Acceleration time plus
deceleration time is half the total move time.

Triangular Profile: Vpax = 2Vyye
At + Dt = 1/2 Mt

Dt = deceleration time
At = acceleration time

A trapezoidal profile is often desirable to reduce the
maximum motor velocity required, or to reduce the RMS
(root-mean-square) torque requirement of the system. If you
increase acceleration, velocity may be reduced without
increasing move time. You can generate a good general-
purpose trapezoidal profile (refer to Figure 4-2) when you
select a maximum velocity 1.33 (four thirds) times the average
velocity, and acceleration (or deceleration) time is one
quarter of total move time.

Velocity
|
| ! | Time
At Mt
At=1/4 Mt
Mt = Time (Seconds) Constant Velocity
Vmax = 1.33 Vave

Figure 4-2. General-Purpose Trapezoid
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S-Curve

Experimental
Approach

In all cases, the relationship of the acceleration and velocity
settings can be determined by using the equation

A = (Vg - Vo) + ta
Where A = acceleration
= final velocity
Vo = 1initial velocity

= acceleration time

For the acceleration distance:

Da = 1/2 A(ta)?
D = acceleration distance

You can use these equations to calculate any parameter when
the others are known. Velocity and acceleration units should
be in terms of revolutions and seconds, to match indexer
parameters. You can test and change the calculated
parameters quickly with a simple interactive program, like
those supplied with the PC21.

S-Curve velocity profiles are often used for gentle acceleration
of liquid or fragile loads. The PC21 software (demo diskette)
can help you set up the S-curve velocity profile.

Velocity (ips)
' A
\K

b e e e - - -

\j

ta ’tc‘ o

Figure 4-3. S-Curve Profile

You must size the motor/drive for the application. Refer to
the Compumotor Product Catalog for sizing guidelines. The
system will stall (without damage) whenever the performance
specified (via commands) exceeds the capability of the
motor/drive used.

Basic PC21 Motion
Control

This section discusses the operating modes that are available
with the PC21. Move parameters and other motion control
considerations are also addressed.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



36

PC21 INDEXER USER GUIDE

Indexing Modes

Preset Mode

Continuous Mode

Once indexer communications have been established, only a
Go (G)command is needed to initiate motor motion. There are
two principal indexing modes, the Preset mode (or Normal)
and the Continuous mode (for positioning and speed control
respectively). The Alternating mode, is a special feature of the
Preset mode.

The Preset and Alternate modes require a distance parameter.
All modes require acceleration and velocity parameters. If no
parameter is supplied before a 6 command is issued, prior
parameters, or the default parameters will be used.

This is the default indexing mode. It is selected using the
Mode Normal (MN) command. The PC21 drives the motor to a
specified position at a specified velocity and accelerates and
decelerates at a specified rate. No other speed changes are
possible until the motor stops. Proceed as follows:

¢ Determine the distance to be moved. If the distance is
stated in revolutions or degrees, convert the data to
number of steps required for the move. This distance
parameter is set with the Distance (D) command. A {-} sign
may precede the specified distance to set the direction of
motion ({(+} = CW motion, {-} = CCW motion, referenced to
the motor mounting face).

e Select an acceleration rate. An easy way to determine the
maximum value is to start with a low value, establish the
velocity to be used, and then keep increasing the
acceleration value until the motor stalls or does not start.
This value is set with the Acceleration (A) command.

¢ Select the velocity to be used and set up this value with the
Velocity (v) command. An easy way to determine the
maximum value is to start low and then increase the speed
until the motor stalls or does not start.

e The Go (G) command initiates each move, whether or not
new parameters are entered. Following this, the
designated motor shaft will rotate to the commanded
position. The axis will then return to the ready state. This
cycle will be repeated each time the Go (G) command is
used.

The Continuous mode (MC) requires only acceleration and
velocity values to move the motor. The actual angular
velocity depends on the motor resolution setting.

It is possible to switch an axis to low velocity range with the
Set Velocity Normal (SSF1) command. This range increases
low speed velocity resolution, while reducing the available top
speed, both by a factor of ten.
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Once the Go (G) command is given, the motor will accelerate to
and rotate at a constant velocity until a Stop (s) or Kill (K)
command is received, or until a new velocity (and a new
acceleration if desired) and another Go (G) is received.

While running at constant velocity, an axis is Ready, not
Busy. It is free to execute buffered commands that are
applicable.

You should not issue some buffered commands while the
motor is running [i.e., the Change Direction (#) or Shutdown
Motor (ST) commands]. Some buffered commands that are
inappropriate while moving will be ignored, the execution of
some others is postponed until the motor stops.

You can select the Alternating mode with the MA command.
Set-up for this mode is identical to that for Mode Normal (MN).
When the Go (G) command is given, the motor shaft will rotate
to the commanded position that corresponds to the value set
by the D command, and then retrace its path back to the start
position. The shaft will continually move between the start
position and the command position until a Stop (s) command
is received. Then the motor will complete the cycle and stop at
the start position. You can configure the PC21 to stop
immediately on command with the $sp1 command. Another
Go (G) command will repeat the same motion pattern.

This indexing mode is not functional when the Absolute
Positioning mode is selected.

For rotary motors, velocity and acceleration parameters are
expressed in units of motor revolutions. For accurate speed
control, each axis needs to know its motor's resolution. Use
the Configure Motor Resolution (MR) command to change
motor resolution from the default as required. This
parameter also controls step pulse width and velocity range.
Refer to the description of the MR command in Chapter 5,
Software Reference.

It is desirable in many applications for the distance
parameter to be specified in units other than motor steps,
such as hundredths of a degree or thousandths of an inch. If
the desired units correspond to an integer number of motor
steps, the indexer's position multiplier (see the US command)
capability can used to scale the D command position
parameter to those units for any axis.

The default interpretation of the Distance (D) parameter is the
distance to be moved from the current position in motor steps.
The sign of the parameter indicates the direction of travel.
The Set Mode to Absolute (FSA1) command may be used to
switch from this Incremental indexing mode to the Absolute
positioning mode where the D parameter represents a position
(e.g.. the distance from the home position). In this case, the
parameter indicates which side of the home position the
target location is.
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Example

Incremental vs.
Absolute
Positioning

Incremental Preset
Mode Moves

Absolute Position
Coordinates

A 25,000-step motor drives a 5-turn per inch leadscrew. The
system resolution is 125,000 steps per inch. To have the
distance parameter expressed in thousandths of an inch, the
operator uses the command Set Position Scale Factor (US125)
to set a distance multiplier of 125. If he then gives a Distance
(D) command D1@@@, the motor will move 1,000 units of 125
steps each (one inch) on the next Go (G) command. See the US
command.

When scale factors greater than 1 are used, and an indexed
move is interrupted by a Stop (S) command or by acttvation of
a limit switch, the final position may not be a multiple of the
scale factor. Repeatability is affected.

Incremental moves allow you to position the motor in
relation to the motor's previous stopped position, absolute
moves are referenced to a defined zero position established by
the Go Home (GH) or Set Position to Zero (PZ) commands. You
can select incremental moves with the Mode Position
Incremental (FSA@) command and absolute moves with the
Mode Position Absolute (FSA1l) command.

When you are in Incremental mode (FSA@), a preset move
moves the motor the specified distance from its starting
position. For example, to move a 25,000-step per rev motor
two revs CW, you must specify a move with a distance of
+50,000 steps. Every time the PC21 executes this move, the
motor will move two revs from its resting position. You can
specify the direction with an optional sign (D+50000 oxr D-
50000). You can also define direction separately with the Set
Direction (H+ or H-) command.

Command

FSAQ Sets unit to Incremental Position Mode
A2 Sets acceleration to 2 rp52

Vs Sets velocity to 5 rps

DS@BAD Sets distance to 50,000 steps

G Executes the move (Go)

G Repeats the move (Go)

H Reverses the direction of the move

G Executes the move (Go)

The motor moves two revs (CW) and stops. moves two more
revs and stops, changes direction and moves two CCW revs.

The Absolute Positioning mode may be selected for any axis
with the FSA1l command.

The Home position is used as a zero reference for absolute
positioning. The homing function (GH) command is normally
used to establish the absolute zero position. Alternatively,
the Position Zero (p2) command may be used to establish the
current position as the zero position for any axis.
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In Absolute mode, you may use the PR command to report
absolute position in either Motor or Encoder Step mode. The
position data from the PR command corresponds to absolute
command positions established with the b command.

A preset move in the Absolute mode (FSA1) moves the motor
or the encoder the distance that you specify from the absolute
zero position. The absolute zero position is the initial power-
up position.

The direction of an absoclute preset move depends on the
motor's position at the beginning of the move and the position
you command it to move to. For example, if the motor is at
absolute position +4,000, and you instruct the motor to move
to position +2,000, the motor will move in the negative (CCW)
direction a distance of 2,000 steps to reach the absolute
position of +2,000.

The PC21 powers up in Incremental mode. When you issue the
Mode Position Absolute (FSA1l) command, it sets the mode to
absolute. When you issue the Mode Position Incremental
(Fsa®) command, the unit operates in Incremental mode. The
PC21 retains the absolute position, even when the unit is in
Incremental mode. You can use the Position Report (PR}
command to read the absolute position.

Command Description

FSA1l Sets unit to Absolute Position Mode
A2 Sets acceleration to 2 rps2
vig Sets velocity to 10 rps
D25000 Sets distance to 25,000 steps
G Executes the move (Go)
D25009 Sets distance to 25,000 steps
G Executes the move (Go)
D-508208 Sets distance to -50,000 steps
G Executes the move (Go)

Do Sets distance to 0 steps

G Executes the move (Go)

The motor moves one rev CW and stops. When the second G
command is received, the motor does not move. After the
third move, the motor moves in the CCW direction 3 revs.
Then the motor moves 2 revs in the CW direction, back to the
absolute zero position.

Programming

Operation of the PC21 is independent of the programming
language used. The programmer need only have the means to
read to and write from the 1I/0 bus of the computer. Most
programming languages have in and out type instructions for
this.

The PC21 occupies four address locations on the bus. Two of
these are not used (they are duplicates of the other two).
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Control Byte and
Status Byte

Control Byte (CB)

BIT 2

BIT3

BIT4

BITS

The control program writes commands to and reads data from
registers at the base address of the PC21. A register or buffer
in this case refers to a temporary storage area for holding one
character (or one eight bit byte). This transfer takes place one
character at a time.

Each character transfer requires that the program write
control bytes to and read status bytes from register at the
address immediately above the base address.

The Control Byte and Status Byte provide access to PC21
operating conditions. The control byte allows setting certain
operating conditions and the status byte reports others.

Each refers to an eight bit PC21 register accessible on the I/O
bus, where each of the eight bits is a flag with a specific
meaning. Control Byte flags allow the host program to signal
the PC21 with messages like, take a command character . The
Status Byte flags allow the host program to check on the PC21
regarding such conditions as motor X is moving .

Signalling the PC21 involves setting or clearing control bits
or flags which means forcing them to a binary value of one or
zero. Clearing or resetting a bit means forcing it to zero. All
eight Control register bits are forced to one state or the other
when the computer writes to the registers address.

Table 4-1 shows the Control Byte flags available to the
programmer for signalling the PC21. Both this register and
the Status Byte are used to communicate with the PC21.

Definition

@
-~

Unused

Unused

Stop Watchdog Timer (active high pulse)

Acknowledge Interrupt (active high pulse)

IDB Command Character Ready (active high handshake)

:ﬁfstan Watchdog Timer (active low pulse)

[o2] &1 B-H [4] (6] B f=)

Reset Interrupt Output {active low pulse)
ODB Message Character Accepted (active high handshake)

~

Table 4-1. Control Byte

Causes the PC21's Watchdog Timer to time out and stop. When
the timer stops, it forces a hardware reset. The reset condition
may be cleared by cycling power or restarting the timer. See
Bit 5 below.

Tells the PC21 that its interrupt signal to the computer has
been noted and is no longer needed. See Bit 6 below.

Tells the indexer that a command character has been put into
the Input Data Buffer. The indexer then clears Bit 4 of the
status byte to indicate that the input data buffer is
unavailable, reads the character in the input data buffer, and
then sets Bit 4 of the status byte to indicate to the host that the
input data buffer is again ready for a new character.

Restarts the Watchdog Timer. It must first be cleared, then the
timer will start up when the bit is set again. This bit should
never be toggled unless the timer has timed out.
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BIT6

BIT7

Status Byte (SB)

BiTs

Bir2

BiT3

BiT4

BITS

BIT6

Resets the hardware interrupt latch and thus the interrupt
output. The interrupt output cannot be reset unless the
interrupt is first acknowledged with Bit 3 above. These bits
should be cleared during Reset or Interrupt acknowledge.

Tells the Indexer that a response character, previously placed
in the output data buffer by the indexer, has been received by
the host, and a new character may be placed in the output data
buffer.

The Status Byte provides several information flags for the
programmer as shown in Table 4-2. The function of the status
byte is used to assist in the communications process, and to
provide run-time status information without the need to
burden the indexer with routine status request commands.

[Power-Up _ Definition l
Bit State {When Set)

0 Cleared Unused
1 Set In position
2 Set Loid_Eeady
3 Cleared ODB Ready
4 Set IQB Ready
5 Cleared Board Fail
6 Cleared Interrupt Active
7 Cleared Unused

Table 4-2. Status Byte Format

Indicate whether the motor is moving. At the beginning of
any move, the bit is cleared. Specifically, the bit indicates
whether or not the indexer is sending step pulses to the drive.
The bit will not indicate if Position Maintenance is in effect.

When the Load and Go option is enabled via the Set Load and
Go Mode (ssc1) command, this bit indicates when the move
parameters have been calculated, the start of which is
initiated by the Load Move Data (1) command. It is reset at the
beginning of the calculation and set approximately 25 ms
later when the calculations are finished.

Is set when the Output Data Buffer contains an output
character for the host, signalling the host to read the
information it contains.

Is set when the Input Data Buffer is ready, telling the computer
it may write a character to the input data buffer.

Tells the PC that the Watchdog Timer of the PC21 has timed
out, possibly indicating an internal failure from which it
cannot recover. The only way to clear this bit is to reset the
indexer. This is discussed below. Exercising the self-test
function will also set this bit.

In this condition, the motor shutdown output will go on,
removing motor torque, and generating a Drive Fault.

Indicates to the host that a conditional interrupt has been
armed and that an interrupt has occurred. If either jumper
JU1 or JU2 is installed, the PC21 will also generate a
hardware interrupt signal to IRQ3 or IRQ4.
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Program Control

Support Disk File

The PC21 comes supplied with a floppy diskette containing support
routines written in BASIC, C, and PASCAL.

The support disk is divided up logically into subdirectories. To go
between these subdirectories type: ed subdirectory name. To back up o
subdirectory type: cd..

The BASIC support routine is contained in the BASIC subdirectory. Th
C support routine is contained in the C subdirectory. The PASCAL
support routine is contained in the PASCAL subdirectory.

Information about the support diskettes is contained in a menu driven
program called INFO.EXE. To run this program, type INFO at the DO¢
prompt. If you would like a hard copy of the information presented in

INFO.EXE, print the fine called INFO.DAT.

To copy the support routines to your hard disk, do the following:
1. Create a subdirectory to put the routines (mkdir PC21).

2. Change directories to the newly created subdirectory (cd
PC21).

3. Copy the file INSTALL.BAT to this subdirectory (copy
a:\INSTALL.BAT).

4, Type: INSTALL

Structure

The support disk is divided logically into a root directory and
four subdirectories. A file tree is shown below.

INFO,DAT SENDPC21.PAS PC21TERM.C pc21.c

INFO.EXE SENDPC21.EXE PC21TERM.EXE PC21.H

INSTALL.BAT SENDPC21.DAT CURSOR.C

\BASIC \C | \PASCAL | \TESTS

SIMPLEX.BAS pc2lc.c PC21P.PAS MENU . BAS

SIMPLEX.EXE PC21C.EXE PC21P.EXE BOOT . BAS
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TERMINAL.BAS
JOYSTICK.BAS
PC21DEMO.BAS
PC21ROOT.BAS
READ.SUB
RESET.SUB
RUN.BAT
CODE.DAT
SINE.DAT
STATLOC,DAT
STATPG.DAT
STATREQ.DAT
TUTOR1.DAT
TUTORZ .DAT
TUTOR3.DAT
TUTCR4 .DAT
WRITE,SUB
TUTORIAL.BAS
PROFILE.BAS
REV.DAT




Reading and
Writing

Designing the
Computer Program
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Motion control commands and responses are transferred via
the Input and Output Data Buffers, at the PC21 base address.
Interface control commands and status information are
transferred via the Control Byte and Status Byte, one address
location above the base address.

In the PC21, the output data buffer and the status byte are
read-only registers. The input data buffer and the control byte
are write-only registers. Indexer commands are strings or
sequences of ASCII characters. Passing a command to the
PC21 calls for transferring each character in the command
one at a time.

Each character transfer requires that the sender notify the
receiver that a character is ready, and that the receiver notify
the sender that the character has been received. The
notification process makes use of single bit flags of the eight
bit SB and CB registers being set high (1) or low (0) to denote
the ready or busy condition as described below.

Sample Read and Write routines which access the computer's
I/0 bus are provided on the demonstration diskette which
accompanies the PC21. Step by step procedures for resetting
the PC21 (which should be done at the start of any user
program), Writing a Character to the PC21, and Reading a
Character from the PC21 are at the end of this chapter.
Procedures will need to be followed if you intend to write your
own custom subroutines in other program languages.

For examples of these procedures, refer to the following files
on the support disks:

e SIMPLEX.BAS Written in BASIC
e PpcCc2lc.cC Written in C
e PC21P.PAS Written in Pascal

Responsibility for creating computer programs lies with the
user. Creating and interactive program should pose no
problems for an experienced programmer. If you are not
familiar with programming for your computer, it would be
prudent to seek the advice or assistance of someone familiar
with both programming and your computer.

The PC21 is designed to operate motor axes in a fashion
largely independent of the computer, requiring only a small
number of high level commands and interaction. This
interaction is almost exclusively in the form of characters
and strings rather than numbers. The programmer will need
knowledge of string handling in the programming language to
be used. Regardless of what the ultimate product of the
program is intended, it must include subroutines or
procedures to do the following (in order of importance):
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Reset the indexer

Send a command string to the indexer
Receive a character string from the indexer
Decode Status Request responses

Allow input of indexer command files

pan o

Ideally the programs should be set up so that a non-
programmer operator can routinely modify appropriate
parameters or otherwise change the process being controlled,
without requiring that the program be rewritten or compiled.
The examples in this chapter are designed to illustrate the
approach you would use to communicate with the indexer and
are not necessarily optimum for any specific application.

To Create Your Own 1. Make a copy of SIMPLEX.BAS.
PC21 Program in
BASIC 2. Edit the copy starting at line 5000.

3. To send a command, place the X language commands in
CMD$. (CMD$= Al@ V1@ D25@@3 G).

4. To get a response from the PC21 use the GOSUB 320@.
The response is returned in ANSWERS.

S@@@ CMD$ = "PR "

5@l@ GOSUB 120¢ ' write to PC21
S5@2@ GOSUB 3g2¢@ ' read from PC21
S@3@ IF ANSWERS = "" THEN 5228

S5@42% PRINT ANSWERS

5. Compile and run the program.

To Create Your Own 1. Make a copy of PC21C.C.
PC21 Program in C
2. Edit the main program of the copied file.

3. To send a command, place the X language in message
(message = Al@ V1@ D25@2@ G). Then make a call to
procedure writecmd (message).

4. To get a response from the PC21, use the procedure
readanswer (answer). The response is returned in

answver.
5. Example:
main () {
char *message, *answer,
answer="";
initialize(): /*resets PC2l%*/
message = " PR ";
writecmd (message);
readanswer (answer) ;
printf (answer);

} /* end of main*/

6. Compile and run the program.
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To Create Your Own
PC21 Program in
PASCAL

Sending and
Receiving Strings

1. Make a copy of PC21P.PAS.
2. Edit the main program of the copied file.

3. To send a command, place the X language commands in
message (cmd = Alg V1@ D25@2@ G). Then make a call
to procedure writecmd (768,cmd). Where 768 is the PC21
board address.

4. To get a response from the PC21 use procedure
readanswer {768,answer). The response is returned in
answer.

5. Example:
Begin
answer:="'"';
Initialize (768);
emd:=' Al0 V10 D250000 G PR ';
Writecmd (768, cmd) ;

while answer='"' do Readanswer {768, answaer) ;
writeln (answer) ;
End

6. Compile and run your program.

The basic procedure for sending and receiving single
characters is shown above. The algorithms discussed are
required building blocks for any program.

Sending command strings of varying lengths is easy because
the length of the string is easily known. Any general purpose
programming language will have the string length and string
pointer functions needed to put together an iterative
algorithm to send a string one character at a time.

Receiving response strings is complicated by the fact that not
all responses are the same length, it is not always possible to
predict when a response will occur, some responses are strings
representing numbers, and some responses are codes
represented by strings.

The choice of commands will influence the kind of data
returned by the indexer, so provisions must be made to
interpret the indexer responses to status requests. When the
response is a single character such as @, A, B, M, etc, the
meaning of the character is a function of the requesting
command.

There is nothing inherent in a response that identifies which
process of decoding should be applied to the single character
of the response. Position report responses are a function of
the specific command to the Indexer and can be decimal,
hexadecimal, or binary data, with varying zero reference
positions.

One approach would be to structure the program so that only
one unexecuted status request is pending in the indexer
command buffer at any one time. In this way the program
knows what the command is and how to interpret the

response.
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Sending a 1. Read SB until bit 4 is set.

Character to the 2. Write a byte into IDB.

PC21 3. Write to CB and set bits 4, 5, and 6.
4. Read SB until bit 4 is cleared.
5. Write to CB to clear bit 4, and set bits 5 and 6.

Receiving a 1. Read SB until bit 3 is set.

Character from the 2. Read a byte from ODB.

PC21 3. Write to CB and set bits 5, 6, and 7.
4, Read SB until bit 3 is cleared.
5. Write to CB to clear bit 7, and set bits 5 and 6.
Support Disk files that provide read, write, and reset routines
for the PC21.
e SIMPLEX.BAS writtenin BASIC
» PC21P.PAS written in PASCAL
« PcC21C.C written in C
These files provide the foundation from which you can design
a motion control program for the PC21.

Reading Commands that require the PC21 to respond via the IBM PC

Responses from the
PC21

bus require a seven-step handshaking process. The first step
is the procedure for writing to the Indexer; steps 2 through 7
result in the PC reading the message in the ODB.

1. Follow the six-step process for sending a command byte to
the PC21 until the complete command string is
transferred.

2. Read the SB and check Bit 3, the ODB-Ready bit. If this bit
is set, go on to step 5, otherwise repeat this step.
3. Read the message byte in the ODB.

4, Write to the CB and set Bit 7, the Message-Accepted ODB.
This will indicate to the Indexer that the message byte it
placed in the ODB for the host has been read.

5. Write to the CB and reset Bit 7, the Message-Accepted bit.
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Software Reset
Procedure

FOLLOW 6 STEPS FOR WRITING
A COMMAND TO THE PC21

Y]

NO

1SBIT3
OF THE STATUS BYTE
SET?

AEAD THE MESSAGE IN
THE OUTPUT BUFFER

¥

WRITEA1TOBIT?
OF THE CONTROL BYTE

ISBIT3
OF THE STATUS BYTE

CLEARED
?

WRITEAOQTOBIT?
OF THE CONTROL BYTE

WAS THE

LAST BYTE A

<CR>
?

NO

YES

DONE

Figure 4-4. Reading a Response from the PC21

6. Read the SB and check Bit 3, the ODB ready bit. If this bit
is cleared, go to step 7; otherwise repeat this step.

7. Repeat steps 2 through 6 until a <cr> is encountered.

To reset the PC21 without removing power, Bit 2 in the CB
must be set, and then cleared. This will initiate a time out of
the Board Monitor Alarm (BMA). When the BMA times out the
worst case is approximately 100ms), the board is placed in the
reset state. To trigger the board to function again, Bit 5 of the
CB must be cleared, then set.

To compute pulse width, use the formula:

1

1
2  Max PPS
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To verify board operation without a motor, connect an
oscilloscope to TP1, Step Output, and Ground (TP7). Each
motor pulse will be seen as a high-going pulse. The
relationship of pulse frequency to motor velocity is shown in
Table 4-3. The motor velocity for a given pulse rate depends on
the resolution of the motor. Motors with lower resolution
(fewer steps per revolution) will rotate at higher velocities
(motors with higher resolution will rotate at lower velocities).
The minimum rate of 0.125 Hz shown in Table 2-2 for the
lower-resolution motors represents the slowest pulse rate the
PC21 can send to the motor because the PC21 divides the
velocity range for the motor into 0.125 Hz increments.

Motor Frequency Velocity ™ Pulse W, PC21
Resoclution Range Ssz Range SRPS! (usec) Cmd
200 1.018- 2000 0.01-160 15 MRO
400 1.018-32000 0.01-80 15 MR1
800 2.036-64000 0.01-80 7.5 MR2
1000 3.052-100000 0.01-100 4 MR3
1600 3.052-96000 0.01-60 4 MR4
3200 7.629-250000 0.01-80 2 MR5
5000 15.259-50000 0.01-100 1 MR6
6400 15.259-512000 0.01-80 1 Mﬂ7
10000 15.259-500000 0.001-50 1 MR8
21600 15.259-496800 0.001-23 1 MR9 ‘
25000 15.259-500000 0.001-20 1 MR10
25400 15.259-508000 0.001-20 1 MR11
36000 15.259-504000 0.001-14 1 MR12
50000 15.259-500000 0.001-10 1 MR13
50800 15.259-500000 0.001-10 1 MR14
4096 15.259-500000 0.01-124 1 MR15
P ————
12800 15.259-500000 0.001-39 1 MR16
25600 15.259-500000 0.01-19 1 MR17
12500 15.259-500000 0.01-40 1 MR18
16384 15.259-500000 0.01-30 1 MR19
e ——
20000 15.259-500000 0.01-25 1 MR20
P ————
25000 15.259-500000 0.01-20 1 MR21

* Default for Compumotor Motors

Table 4-3. Motor Resolution and Velocity

To control a PK3 with a 400 step/rev resolution, use the
following command:

Command ~  Description

MR1 Sets Pulse width for 400 steps/rev translator
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Loops

POBs
(Programmable
Output Bits)

Move Completion
Signal

Example# 1

Example #2

You may use the Loop (L) command to repeat certain

sequences.

anm@u

PsS

FSAQ
AS

V5

L5
D2g@@
G

T2

N

C

Description

Pauses command execution until the indexer
receives a Continue (C) command

Sets mode to incremental

Sets acceleration to 5 rps

Sets velocity to 5 rps

Loops 5 times

Sets distance to 2,000 steps

Executes the move (Go)

Delays 2 seconds after the move

Ends Loop

Initiates command execution to resume

You can turn the programmable outputs on and off using the
Output (0O)command. One (1) tums on a given output and zero
(2) turns the output off. The outputs conduct when they are on
and do not conduct when they are off (see the 0 command
descriptions in Chapter 5, Software Reference).

Command
o1

Description
Turn on Qut #1

When you complete a move, you may use the PC21's
programming capability to signal the end of the current move.
In a preset move, you may use one of the following commands:

L PR
. CR
o (0]

L4 PX

Report Absolute Position
Carriage return

Output command

Report Absolute Encoder Position

You may also use the moving/stopped bits of the Status
register to determine if an axis has completed its move.

Command
A2

v.1
D12588
G

CR

Description

Sets acceleration to 2 rp32

Sets velocity to 0.1 rps

Sets distance to 12,500 steps
Executes the move {Go)

Sends a carriage return back to the PC

The motor moves 12,500 steps. When you complete the move,
the unit issues a carriage return.

Command

A2

v.1
Dl25@2
G

o1

Description

Sets acceleration to 2 1ps
Sets velocity to 0.1 rps
Sets distance to 12,500 steps
Executes the move (Go)
Turns on Output #1

2

The motor moves 12,500 steps. When the PC21 completes the
move, Output 1 is turmed on.
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Closed Loop-
Position Tracking

Encoder
Referenced
Position

Encoder Position
Servo

Position Tracking is Compumotor's closed-loop positioning
system. Several parameters must be defined to enable closed
loop operation. All commands dealing with the encoder
interface are described in Chapter 5, Software Reference. The
Position Tracking function provides any or all of the
following capabilities:

Increased resistance to external forces.
Compensation for friction and gear play.

A means to independently determine load position.
Stall detection.

The encoder may be used as feedback for closed-loop
positioning or as an independent means to verify position.
The encoder may also be used to detect whether a stall has
occurred during a move. The encoder functions include:

Encoder referenced position
Encoder position servo

Motor stall detection
Position loss detection
Multiple axis stop

Absolute position coordinates
Homing function

Implementation of the encoder functions listed above require
connection of the encoder and issuing the appropriate
configuration commands.

In the factory configuration, the indexer operates using
position parameters in units of motor steps. With the
position tracking option the parameters may be in units of
encoder steps. In this mode, when moving a specified
distance, the indexer in effect sends out steps to the motor
until the correct number of encoder steps are returned.

Position information provided by any axis may be in units of
either encoder steps or motor steps. The default power-on
configuration is motor steps, but can be programmed to
encoder steps. The Position Tracking (FSB) command allows
switching between modes. The absolute position is always
maintained both in encoder steps and motor steps in either
mode. The user may switch from one mode to the other
between moves but not during moves. Position data will be
reported in the same format. Refer to the section regarding
the functions of the FSB command.

The Encoder Step mode ensures that a preset move ends up in
the right position. But when the move is complete, the
encoder is no longer monitored. External forces may move
the load, and the indexer will not take any corrective action.

An axis may be configured to resist any external change in its
position when it is at rest. If external forces change the
encoder's, the indexer will attempt to correct its position.

The Position Maintenance function is selected via the FSB
command. When selected, the axis will attempt to maintain
the current encoder step reference position. The reference
position is established at the end of a move or whenever this
Servo function is turned on.
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Position
Maintenance
Parameters

Motor Stall
Detection

Position Maintenance is effective only while in Encoder Step
mode (FSB1) . If after a move it is determined that the encoder
position is not changing in spite of steps sent to the motor,
this function is automatically disabled.

The Fsc command is used to invoke the Position
Maintenance mode. In this mode, the indexer repeatedly
compares the actual encoder position with the desired
position while the motor is stopped. If an error is detected, the
magnitude of the error determines the velocity parameter
used in the correction response.

The correction response calculation yields a correction
velocity according to the Gain parameter. The Correction
Gain (cG) command is used to set the gain parameter.

The numerical values of the gain is a velocity, specified with
the same format and limitations as the Velocity (V) command.
The velocity gain value is multiplied by the encoder step error
(or the square or the square root of that error) to yield a
correction velocity. The factory default gain is 0.01
rps/encoder step error.

The Maximum Correction Velocity parameter sets the upper
limit for servo response speed. This limit may take any value
the regular move velocity can. The Maximum Velocity (MV)
command is used to establish this parameter.

Lower encoder resolutions require higher gain. Load inertia
also affects gain selection. The higher the load inertia, the
lower the gain must be.

As with any servo, if the gain is set too high, the system will
overshoot, and oscillation about the desired point will result.
When the gain is too low, the system responds slowly. The
ratio of motor pulses to encoder pulses has a significant
impact on the performance of the system.

An empirical approach to optimizing these parameters calls
for first selecting an appropriate maximum correction
velocity. The gain is established by setting it at a low value,
then increasing it to the point where the system begins to
show signs of overshoot. Then reduce it a small amount.

When the motor is being moved, an axis compares the number
of encoder steps comning in against the number of motor steps
being sent to verify that no gross discrepancy exists, as in the
case of a motor stall. If the encoder position deviates
excessively from the expected position in the course of a move,
the indexer assumes the motor has stalled.

Several configuration options pertain to this feature. These
include setting a window of allowable deviation to account
for mechanical backlash, halting the move if a stall is
detected and sending an output signal.

Each comparison is independent of the prior one, so that if an
allowable error exists every time the comparison is made, no
stall is detected. Such a condition might occur, for example, if
there is minor slipping in the motor or encoder coupling.
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Multi-Axis Stop

Sample Ciosed-
Loop Incremental
Moves

1. The Deadband Window parameter is set by command. The
(pW) command allows precise deadband specification in
motor pulses. The Dw command must be specified before
stall detection will take place. The deadband
compensation feature allows mechanical systems with
backlash in the gear train to use the stall detect and
position loss detection features. When a nonzero
deadband is selected, the position-loss detection and stall
detection will not be triggered until the error exceeds the
deadband.

2. The Stop on Stall function is selected via the (FsSD)
command. If selected, this function will cause
termination of a move when a stall is detected. The move
will stop as soon as the stall is detected, without any
deceleration. This function works either in Motor Step or
Encoder Step mode.

3. The Output on Stall function is also selected via the (FSE)
command. If selected. the programmable output will go
high when a stall is detected and remain high until a new
move begins.

On a multi-axis PC21 system, you may wish to have all axes
stop motion if a stall is detected on any axis. You can select
this function via the Kill Motion on Trigger (FSF) command.
If selected, a signal on the Trigger 3 input terminates the move
immediately. By driving Trigger 3 on one PC21, with the Stall
Detect Output on another PC21, you can terminate the multi-
axis moves when a stall is detected on any axis.

The following example commands assume that you have
checked the encoder and are sure that it works properly. You
can refer to Chapter 3, Installation, for proper wiring and
testing of the encoder.

Command Description

> MN Sets all moves to the Preset mode

> FSB1 Sets all moves to encoder step mode

> ER2008 Sets encoder resolution to 2,000 steps

> A2 Sets acceleration to 2 rps2

> Vig Sets velocity to 10 rps

> D2geg Sets the distance to 2,000 motor steps (2,000
encoder steps)

> G Moves the motor until encoder moves 1 rev (2,000

encoder steps)

If these moves do not work, refer to Chapter 7, Maintenance
and Troubleshooting.

Immediate Velocity
Streaming Mode

In this mode, the host computer software supplies a Rate
Multiplier in Immediate Velocity Streaming Mode (RM)
command for real-time control of motor speed. The PC21 has
no control of acceleration. The operator controls all velocity
changes and must take care that no change is too abrupt for
the motor to follow. Otherwise the motor will stall or fault.
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Syntax, Range, and
Output Control for
RM Commands

Once this operating mode is entered with the Enter Immediate
Velocity Profiling Mode (Q1) command, the PC21 clears out
any buffered commands waiting for execution and waits for
Rate Multiplier in Velocity Streaming Mode (RM) commands.
With these commands, the PC21 makes instantaneous
changes to the specified velocity. The timing between issuing
each RM command determines the exact move profile.
Sending RM commands to the PC21 in rapid succession
provides smoother motion by virtue of an S-curve
acceleration (see Figure 4-3). Testing and modification may
be required to establish the correct sequence of RM commands.

CAUTION

Be careful not to make the velocity changes too abrupt.
Otherwise, you may make the motor stall.

In the default high velocity range, with the default motor
resolution (25,000 steps/rev) and a 25,000-step motor, a data
increment of 1 produces a velocity increment of about 15.259
steps per second.

RM commands are issued in real-time. Consequently, it is not
possible to download a list of RM values to the PC21, and
execute it afterward.

To exit the Velocity Profiling mode, you must use the Q&
command. When a Q1 or Q@ command is received, it is
performed before any buffered commands.

The syntax for RM commands is RMn,n,n3n, where
n;n,nyn, represents a 4-digit hexadecimal number. The
most significant bit of n, is interpreted as a direction bit. If
the most significant bit =1, the motor will turn in the CW
direction. If the most significant bit = @, the motor will turn
in the CCW direction.

For example, issuing RM@666 changes the velocity of Axis #1
to 24,994 Hz (666 Hex « 15.259 Hz) in the CCW direction. This
assumes a motor resolution of 25,000 steps/rev.

To change the direction, you must enter a zero () point
(RM@@2@ if the motor was traveling CCW or RM82@@ if the
motor was traveling CW). If you do not enter the zero point,
the new RM data point will be ignored.

Table 4-4 summarizes the RM command parameter range.

CW Rotation CCW Rotation

Pargmeter Decimal Hex Decimai Hex
Zero 32,768 8000 0 000
Maximum 65,523 FFFD 32,755 7FFD

Table 4-4. rRM Streaming Mode Parameter Range
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Immediate
Streaming Example

Using Interrupts

8259 Interrupt
Controller Chip

EXAMPLE

The hex values 7FFE and 7FFF, and FFFE and FFFF are not
listed above. These are special function values that do not
produce a motor speed value. Instead, they provide a signal on
the programmable output in the middle of the velocity
profiling operation. This values may be inserted in the data
stream to generate a signal when the PC21 gets to critical
points in the process. The functions of these values are shown
in Table 4-5.

Ou_tg.ut To set low To set high
POB 7FFE or FFFE 7FFF or FFFF

Table 4-5. Streaming Mode Output Control

Command Description

Q1 Enter Velocity Profiling mode

RMP211 Go to RM velocity of 249 Hz in CCW direction
RM@Z55 Go to RM velocity of 1,105 Hz in CCW direction
RMOZ100 Go to RM velocity of 3,906 Hz in CCW direction
RM@@55 Go to RM velocity of 1,105 Hz in CCW direction
RM@@11 Go to RM velocity of 249 Hz in CCW direction
RMZ 230 Go to zero velocity (mandatory) to change direction
RM8@11 Go to RM velocity of 249 Hz in CW direction
RM8@S5S5 Go to RM velocity of 1,105 Hz in CW direction
RM81292 Go to RM velocity of 3,906 Hz in CW direction
RMFFFS5 Set Output #1 high

RM8@55 Go to RM velocity of 1,105 Hz in CW direction
RM8211 Go to RM velocity of 249 Hz in CW direction
Q@ : Exit velocity profiling mode

The PC21 has one interrupt signal available to be activated
upon specific conditions. This interrupt signal can be
directed at either of two interrupt request lines, IRQ3 or IRQ4.
Jumper 1/2 is located just above the edge connector on the
PC21 indexer card, determines which interrupt request line is
activated. Installing a jumper on the JU1 pins selects IRQ3.
and installing a jumper on the JU2 pins selects IRQ4.

You, the user, are responsible to enable the 8259 interrupt
controller chip in the PC to accept the interrupt request. You
must also set the corresponding interrupt vectors to
accommodate the interrupt request.

Use the following procedure to enable the 8259 interrupt
controller chip:

1. Read in the current interrupt mask register (IMR) located
at the I/0 address (21 HEX).

2. Clear the appropriate bit to enable the interrupt hardware
(IR@Q3 = bit #3, IRQ4 = bit#4).

3. Write the IMR back to the 8259 chip.

unsigned char int_8259; /* Byte to read IMR into */

int 8259 = inportb(0x21); /* Read IMR for current settings
*/

int 8259 = int 8259 & OxF7; /* Clear bit 3 */

outportb (0x21,int_8259); /* Write new IMR */
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Interrupt Vector The IR@3 interrupt corresponds to the 11th interrupt vector.
Since each vector is 4 bytes long, the user must modify the 4
bytes located at memory address 2823 : 822C to point to the
interrupt service routine. For IRQ4, modify the 4 bytes at
memory address @2090: 2230.

Usually, IRQ3 and IRQ4 are assigned to the computer's serial
ports COM2 and COM1 respectively. Therefore, when making
changes to these vectors, take care to avoid conflicts with
communication cards that may require these vectors.

EXAMPLE The following is an example of changing the interrupt vector
for IRQ3:

struct address { char far *p; };

struct address far *addr = (struct address far *) 44;/* 2c HEX = 44 decimal */

addr->p = (char far *) pc2l irq3; /* pc2l_irqg3 is the name of the interrupt
service routine =/

Interrupt You can activate the PC21's interrupt output based on several

Commands conditions for each axis. The Qs command allows you to enable
or disable the interrupt-on-condition functions. No hardware
interrupt will be generated until a specific Q8 command has
been issued and the corresponding condition is met. The
possible interrupt-on-condition functions are as follows:

Interrupt on Move Complete (QSB command)

Interrupt on Encountered Limit Switch (QSD command)
Interrupt on Ready to Respond (QSE command)
Interrupt on Command Buffer Full {(0SG command)
Interrupt on Motor Stall (QSH command)

The Qr command reports which interrupt-on-condition
functions have been selected with the QsA through QSH
commands. The QI command reports which interruptible
conditions are active. The oI command always shows a
response to in position (QSB1), even if the interrupt is not
enabled (QSB@).

You can take advantage of the PC21's interrupt capabilities
without actually generating any host interrupts. This is done
by arming whatever interrupt conditions are desired, and

then polling the status byte (SB) to see if the Interrupt Active
bit (bit #6) is set. Then, the QI command can be used to
determine the source of the signal.

Clearing the Once an interrupt signal is generated, two steps are required to
Interrupt Signal remove that signal.

1. The hardware device (latch) that holds the signal must be
cleared. Toggle the Reset Interrupt Output bit (bit #6) in the
control byte (CB).

2. The host must acknowledge the interrupt. Toggle the
PC21's Interrupt Acknowledge bit (bit #3) in the CB.

EXAMPLE The following is example code used to clear an interrupt:
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int pc2laddr = 0x3C0; /*HEX 300 = decimal 768 */

int i;

cutportb(pc2laddr+l, 0x20); /*clear bit 6 to restore hardware interrupt */
for(i=1;1i<200C;1i++); /* time delay for strobing bit 6 low*/
outportb{pc2laddr+l, 0x68) ; /* set bit 4 to acknowledge interrupt*/
while ( (inportb (pcZladdr+l) & 0x40)); /* wait for interrupt signal to go low*/
outportb (pc2laddr+l, ) /* normal state of CB */

When your interrupt service routine is complete, remember to
send an EOI (end-of-interrupt) signal to the 8259 chip, as
shown below:

outportk(Cx2C, 0x20); /*clear interrupt from 8259 chip */
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Chapter 5. SOFTWARE REFERENCE |

Chapter ijectives The information in this chapter will enable you to:

« Identify the four types of commands in Compumotor's X-
Series Language

e Use this chapter as a reference for the function, range,
default, and sample use of each command

Description of
Format (Definition

of Fields)

OA (®Acceleration ®vaLip
@Motion Software Version
@SYNTAX @UNITS @RANGE DEFAULT @ATTRIBUTES

An n = rps? 0.01 to 10 0.02 Buffered
motor dependent Independently Saved

EXECUTION TIME @SEE ALSO D, V, G
1. Mnemonic This box contains the command's mnemonic code and the
Code command type. The command types are described below.

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

Status Status commands respond (report back) with information.

Set-Up Set-up commands define setup conditions for the application.
Set-up commands include the following types of commands:
e Homing (Go home acceleration and velocity, etc.)
o Input/Output (Limits, scan time, in-position time, etc.)
e Tuning (Servo or position tracking)
e General (Set switches, return to factory settings, etc.)

Programming Programming commands affect programming and program
flow. For example, trigger, output, all sequence commands,
quote, time delays, pause and continue, enable and front-
panel, loop and end loop, line feed, carriage return, and
backspace.

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

3. Full Name This field contains the full command name.
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4. Valid Revision
Level

5. Syntax
6. Units

7. Range
8. Default

9. Attributes

10. Execution
Time

11. See Also

12. Response

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

The proper syntax for the command is shown here. The
specific parameters associated with the command are also
shown. Definitions of the parameters are described below.

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

This field describes what unit of measurement the parameter
in the command syntax represents.

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

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

This box indicates if the command is immediate or buffered.
The system executes immediate commands as soon as it
receives them. Buffered commands are executed in the order
that they are received with other buffered commands.

The execution time is the span of time that passes from the
moment you issue a command to the moment the system
begins to execute it.

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

A sample status command is given (next to RESPONSE TO)
and the system response is shown in the adjoining box. This
box will only be provided if the system provides a response to
the command. If no response is provided. this box will not be
included with the command description.
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Command List

A Acceleration VALID
Motion Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

An n = rps? 0.001 to 999.99¢ 100 Buffered

(motor dependent)
EXECUTION TIME <10 ms SEE ALSO p, G, Vv

Description

The Acceleration command specifies the acceleration rate to
be used upon executing the next Go (G) command. The
acceleration remains set until you change it. You do not need
to reissue this command for subsequent G commands.
Accelerations outside the valid range cause the acceleration to
remain in previous valid A setting.

Example Command Description
> MN Sets the moves to mode normal (preset moves)
> AS Sets Acceleration to 5 rps
> Vip Sets Velocity to 10 rps
> D10 Sets Distance to 10,000 steps
> G Executes the move (Go)

B Report Buffer Status VALID
Status Software Versicn E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

B None None None Immediate
EXECUTION TIME <10 ms SEE ALSO None

RESPONSE TO B IS *R or *B

Description

Example

The buffer status command will report the status of the
command buffer. The command buffer is 1,400 bytes long.
The response to this command is:

*R = More than 31 bytes are free
*B = Less than 32 bytes are free

This command is commonly used when a long series of
commands will be loaded remotely. If the buffer size is
exceeded, the extra commands will not be received by the
Controller.

Command
B Response = *R (more than 31 bytes of the buffer are
free)
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C Continue VALID
Programming Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
C None None None Immediate

EXECUTION TIME <5 ms

SEE ALSO pPs, U

Description The Continue (C) command ends a pause state. It enables your
indexer to continue executing buffered commands. After you
initiate a pause with the Pause (PS) command or the Pause
and Wait for Continue (U} command, you can clear it with a C
command. This command is useful when you want to
transmit a string of commands before you actually need to
execute them.

Example Command Description
PS Pauses and wait for a c command
MC Sets move to Continuous mode
AS Sets accelerationto 5 rps2
V5 Sets velocity to 5 rps
G Executes the move (Go)

T1Q Waits 10 seconds after the move

ve Sets velocity to zero

G Decelerates the motor to zero velocity

c Starts executing commands in buffer
CG Set Correction Gain VALID
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

CGn n = steps 0 - 20 8 Buffered

EXECUTION TIME <10 ms

SEE ALSO FsB, FSC, DW, CM, MV

Description

Example

The Set Correction Gain (C6) command allows you to set the
amount of error (steps) that should be corrected on the initial
position maintenance (FSC1) command correction move
(which takes place whenever the motor is stationary ). This
function is only valid in the Encoder Step mode (FSB1)
command.

The percentage of error that the Position Maintenance
function will attempt to correct on each correction move is
n/8 « 100%. If you set n to 1, the system will correct the
error slowly (1/8 of the error is corrected on each try). This
type of correction is performed smoothly. If you set n to 8, the
system will correct the error faster. However, there may be
more overshoot and ringing at the end of this type of
correction move.

Command
FSB1 Sets system to Encoder Step mode
CG3 The system corrects 3/8 of the final-position error on

the initial correction move
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CM Set Correction Mode For Position VALID
Set-Up Maintenance Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
CMn n = 0, 1, or 2 . 0 Buffered
correction
algorithm

EXECUTION TIME

<10 ms

SEE ALSO cG

Description

Example

The Set Correction Mode for Position Maintenance (CM)
command sets the position maintenance functions to one of
the following algorithms:

When n is @, the correction algorithm is:

(enceder positicn error) (pcsiticn maintenance gain)

When n is 1, the correction algorithm is:

(encoder position error) -« JTE;SLtion maintenance gain)
When n is 2, the correction algorithm is:

(encoder positicn error) <« (position malntenance qain]2

Command = Description

CM@ Sets positian maintenance correction mode

CR

Carriage Return

VALID

Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
CR None None None Buffered
EXECUTION TIME <2 ms SEE ALSO None

Description The Carriage Return (CR) command determines when the
indexer reaches a particular point in the execution buffer.
When the indexer reaches this command in the buffer, it
responds by issuing a carriage return (ASCII 13} over its
interface back to the host computer. If you place the CR
command after a Go (G) command, it will indicate when a
move is complete. If you put the CR command after a Trigger
(TR) command, it will indicate when the trigger condition is
met.

Example Command Description
MN Sets indexer to mode normal
FSAl Sets mode for absolute position
AS Sets acceleration t0 5 rps2
Vs Sets velocity to 5 rps
D5@2% Sets distance to 5,000 steps
G Executes the move (Go)
CR Sends a carriage return

The motor moves 5,000 steps. When the motor stops, the
indexer sends a carriage return over its interface.
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D Set Distance VALID
Motion Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

Dn n = steps +99,999, 999 25,000 Buffered

EXECUTION TIME <10 ms

SEE ALSO 2, G, v, MN

Description

Example

The Distance (D) command defines either the number of steps
the motor will move or the absolute position it will seek after
a Go (G) command is entered. In incremental mode (Fsag), the
value set with the b command will be the distance (in steps)
the motor will travel on all subsequent G commands.

In Absolute mode (FSA1), the distance moved by the motor
will be the difference between the current motor position and
the position (referenced to the zero position) set with the D
command The D command has no effect on continuous moves
(MC).

Command Description

MN Sets indexer to normal mode (preset)
AS Sets acceleration to 5 rps2

V10 Sets velocity to 10 rps

D5@223 Sets distance to 50,000 steps

G Executes the move (Go)

The motor will travel 50,000 steps in the CW direction after
the ¢ command is issued.

DW Set Dead Band Window VALID

Set-Up Software Version E

SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
DWn n = steps 0 - 99,999,999 0 Buffered

EXECUTION TIME <10 ms

SEE ALSO FrS Commands, MR

Description

Example

This command specifies a backlash deadband in motor steps.
The backlash deadband compensates for mechanical systems
with backlash and allows you to use the Stall Detect function.
Stall detection does not occur until the error exceeds the
deadband width of one mechanical motor step. In a 25,000
step/rev drive/motor combination, this corresponds to 500
steps (2500 + 50 poles = 500). In a 200 step/rev drive motor,
this corresponds to four steps (200 + 50 poles = 4).

Any DW command specified with a deadband less than the

minimum of one mechanical motor step will default to the

minimum.

Command Description

DWEDR 500 motor steps of backlash are expected by the
indexer. A stall wili not be detected until the motor
lags the motor position by more than 600 motor steps.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




CHAPTER 5. SOFTWARE REFERENCE 63

ER Set Encoder Resolution \ VALID \
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

ERn n = encoder 1 - 50,000 4,000 Buffered

EXECUTION TIME <10 ms

SEE ALSO DwW, FS commands

Description

Example

This command defines the number of encoder counts per one
revolution of the motor. The number of lines on an encoder
should be multiplied by 4 to arrive at the correct encoder
resolution value per revolution of the motor.

In other words, one line of an encoder produces 4 encoder
steps.

A 4:1 ratio of motor steps to encoder steps is necessary for
proper closed-loop operation. If a lower ratio is used, it may
be difficult to tune the position maintenance (Servoing)
feature of your indexer.

Command Description

ER8222 Sets encoder resolution to 8,000 steps

FR

Status

Report Encoder Functions VALID

Software Version E

SYNTAX
FR

n

UNITS

= function

RANGE DEFAULT ATTRIBUTES

0 = function off 0 Buffered
1 = function on

EXECUTION TIME <5 ms

SEE ALSO FS commands

RESPONSE TO FRIS *nnnnnnnn

Description

This command allows you to request the status of FS
command functions. The response contains one ASCII digit

per function (zero [@] or one [1]). The digits (n) correspond to
the functions, (A - H, left to right). One (1) means an F§
function is on. Zero (@) means an FS function is off.

A Incremental = OFF (&) Absolute = ON (1) Defines the move
distances (D) as either incremental from current position,
or as absolute referenced to the absolute O position).

B Motor step mode = OFF (@) Encoder step mode = ON (1)
Defines the distance in motor steps or encoder steps.

C Position Maintenance = OFF (&), = ON (1) Enables
position maintenance. This causes the indexer to servo
the motor to the desired position if it is not in the correct
position at the end of a move, or, if the motor is forced out
of position while at rest.

p Terminate Move on Stall Detect = OFF (@), = ON (1)
Instructs the indexer to abort a move if it detects a stall.
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E Turn on Output on Stall Detect = OFF (&), = ON (1)
Instructs the indexer to turn an output on if it detects a
stall.

F Kills Motion on Trigger 3 = OFF (@), = ON (1) Instructs the
indexer to stop all motion when trigger 3 becomes active

G =OFF (@), = ON (1) Reserved
H =OFF (@), = ON (1) Reserved

Example Command Response
FR 11000000
The indexer is in absolute encoder step mode. All
other Fs functions are OFF.

FS Encoder Functions VALID
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

FSn n = function 0 = off 0 Buffered
1l = on
EXECUTION TIME <5 ms SEE ALSO Pz, PR, FR
Description This command allows you to set your PC21 to Absolute,
Incremental, or Indexing Modes.
[ Bit Function
A Set Absolute/Incremental Positioning Mode
B Set Motor Step/Encoder Step Indexing Mode
C Enable Position Maintenance
D Enable Stop on Stall
E Enable Output on Stall
F Kill Maotion on Trigger #3
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FSA Set Absolute/Incremental VALID
Set-Up Positioning Mode Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
FSAn n = function 0 = off 0 Buffered
1 = on

EXECUTION TIME <5 ms

SEE ALSO Pz, PR, FR

Description

Exampie

This command sets the indexer to perform its moves in either
absolute or incremental positioning mode.

e FSA@ Incremental mode
e« FSAl Absolute mode

In Incremental mode (FSA@), all moves are made with respect
to the position at the beginning of the move. This mode is
useful for repeating moves of the same distance.

In Absolute mode (FSA1), all moves are made with respect to
the absolute zero position. The absolute zero position is set to
zero when you power up the indexer or execute the Position
Zero (pP2z) command.

Command Description

MN Sets indexer to mode normal

Fsal Sets Indexer to absolute mode

P2 Resets the absolute counter to zero

AS Sets acceleration to 5 rp32

\'A-] Sets velocity to 5 rps

D2502% Moves motor to absolute position 25,000
G Executes the move (Go)

D50330 Move motor to absolute position 50,000
G Executes the move (Go)

The motor moves 25,000 steps, then moves an additional
25,000 steps to reach the absolute position of 50,000.
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FSB Set Motor Step/Encoder Step VALID
Set-Up Indexer Mode Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
FSBn n = function 0 = off 0 Buffered
1l =on

EXECUTION TIME <5 ms

SEE ALSO D, ER, FR, MR

Description

Example

This command sets up the indexer to perform moves in either
motor steps or encoder steps.

e« FSB@ Motor steps
« FSB1l Encoder steps

In Motor Step mode, the Distance (D) command defines moves
in motor steps.

In Encoder Step mode, the distance command defines moves
in post-quadrature encoder steps. You must set up the indexer
for the correct encoder resolution The Encoder Resolution
(ER) command is used to define the post-quadrature encoder
resolution.

Enabling Encoder Step mode does not guarantee that your
moves will position to the exact encoder step commanded.
Position maintenance (#SC) must be enabled to activate
closed loop servoing.

Command escription

ER4@20 Sets up 4,000 encoder pulses

FSB1 Sets moves to encoder step mode
AS Sets acceleration 1o & rps2

Vs Sets velocity to 5 rps

D402P Sets distance to 4,000 encoder steps
G Executes the move (Go)

The motor moves in the positive direction until 4,000 encoder
pulses are received.
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FSC

Set-Up

Enable

Position Maintenance VALID

Software Version E

SYNTAX
FSCn n =

UNITS

function]

RANGE DEFAULT ATTRIBUTES
0 = off 0 Buffered

EXECUTION TIM

E <5 ms

SEE ALSO bDw, ER, FSB, CM, FR, FSD

Description

Example

This command enables and disables the position
maintenance function.

« FSC1 Enable Position Maintenance
« FSCc@ Disable Position Maintenance

Enabling position maintenance will cause the indexer to
servo the motor until the correct encoder position is achieved.
This occurs at the end of a move (if the final position is
incorrect) or any time the indexer senses a change in position
while the motor is at zero velocity. You must have an encoder
connected, and set the indexer in Encoder Step mode (FSB1) in
order to enable position maintenance.

If you have enabled position maintenance and your motor
drifts, this is an indication that the encoder is not hooked up
properly. The motor will drift at 0.1 rps for one revolution.

If you are making a move with position maintenance enabled
(Fsc1), and your encoder becomes disconnected, the PC21 will
continue to output pulses trying to get to the desired position.
This means that the PC21 could conceivably output pulses
forever, or until a limit is hit. For the safety of the machine,
you should enable stop on stall (Fsp1). This will bring the
motor to a stop. (You must also give a deadband [Dwg]).

Command Description

ER4O20 Sets encoder resolution to 4,000
FSB1 Sets to encoder step mode

DW@ Enables stall detection

FsSc1 Enables position maintenance
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FSD

Set-Up

Enable Stop on Stall

VALID
Software Version E

SYNTAX
FSDn

UNITS

function

n

ATTRIBUTES
Buffered

RANGE DEFAULT

function off 0

0
1 function on

EXECUTION TIME

<5 ms

SEE ALSO »bpw, ER, SS, FR

Descript

Example

ion

This command enables/disables the Stop on Stall function.

« FSD1 Enable Stop on Stall
» FSD@ Disable Stop on Stall

Entering ¥SD1 will cause the indexer to stop the move in
progress when a stall is detected. The move is stopped
immediately; no deceleration. This command is only valid if
stall detection has been enabled by issuing any Deadband (DW)
command. It will have no effect otherwise. Stall detect will
work in either motor step mode or encoder step mode.

Entering FSD@ will cause the indexer to attempt to finish the
move when a stall is detected, even if the load is jammed.

Command
DWed@
ER2200
FSD1

Sets backlash value to 600 steps
Sets encoder resolution to 2,000 steps/rev
Enables stop on stall

FSE

Set-Up

Enable Output on Stall

VALID
Software Version

SYNTAX
FSEn

UNITS

n output

ATTRIBUTES
Buffered

RANGE
0 or 1

DEFAULT
0

EXECUTION TIME

<5 ms

SEE ALSO bpw, ER, FR, O

Descript

Example

ion

This command enables and disables the Output on Stall
function.

* FSEg@ Disable Output on stall
e FSE1l Enable Output on stall

Entering FSE1 will cause the indexer to turn on the
programmable output when a stall is detected. This is useful
for signaling other components in you system that a stall has
occurred. This command will only be valid if Stall Detect has
been enabled (Dw command). The output is unaffected by a
stall when FSE@ is entered. This output will turn on if FSE1
and Kill Motion On Trigger (FSF) are both enabled.

C D -
ER4222 Set encoder resolution to 4,000 steps/rev.
DW6O® Set backlash deadband to 600 motor steps.
FSE1l Turn on the output when a stall is detected.
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FSF Kill Motion on Trigger #3 VALID
Set-Up Software Version
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
FSEn n = output 0 or1l 0 Buffered
EXECUTION TIME <5 ms SEE ALSO FR, TR
Description This command enables and disables motion on Trigger #3.

FSF@: Disable kill motion on Trigger #3
FSF1: Enable kill motion on Trigger #3

If trigger 3 becomes active with the FSF1, all motion will be
stopped (refer to the K command).

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

G None None None Buffered
EXECUTION TIME <30 ms SEE ALSO a, D, MN, V, MC, FSA, FSB
Description The Go (G) command instructs the motor to make a move

using motion parameters that you have previously entered.
You do not have to re-enter Acceleration (a), Velocity (v),
Distance (D), or the current mode (MN, MA, or MC) commands
with each ¢ command. In the Incremental Preset mode
(Fsag), a G command will initiate the steps you specified with
the b command.

A G command in the Absolute Preset mode (Fsal) will not
cause motion unless you enter a change in distance (D
command) first.

In Continuous mode (MC), you only need to enter the Acceleration
(a) and Velocity (V) commands prior to the G command. The
system ignores the Distance (D) command in this mode.

No motor motion will occur until you enter the G command in
the Normal (MN), Continuous (MC), and Alternate (MA) modes.

If motion does not occur with the 6 command, an end-of-
travel limit switch may be on. Check the limit switches.

Example Command Description
MN Sets mode to normal (preset)
FSA® Sets made to incremental
FSB@ Sets indexer to motor step mode
AS Sets acceleration to 5 rps2
Vs Sets velocity to 5 rps
D250 Sets distance to 25,000 steps
G Executes the move (Go)
Al Sets acceleration to 1 rp32
G Executes the move (Go)
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GA Go Home Acceleration VALID

Motion Software Version E

SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
GAn n = rps? 0.001 - 999.99%9 10 Buffered

EXECUTION TIME <10 ms

SEE ALSO GH

Description

The Go Home Acceleration (Ga) command sets the linear
acceleration value that the motor will use during any
subsequent Go Home (GH) moves.

Example Command
GAS Sets go home acceleration to 5 rps?
GH-5 The motor accelerates at 5 rps?to 5 rps in the CCW
direction and searches for home
GH Go Home VALID
Motion Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
GHsn n = rps 0.001 - 20 (25,000 None Buffered
s = + or - step/rev motor)

EXECUTION TIME <30 ms

SEE ALSO aGa

Description

Example

The Go Home {GH) command instructs the controller to search
for the home position, either in the motor step mode or the
encoder step mode. When in the motor step mode, the
controller looks only at the Home Limit input. It will define
Home as the CCW edge of the Home Limit signal (the edge
closest to the CCW limit input).

The process is the same in encoder step mode, except the
controller also looks for the Z channel input as well as the
Home Limit input to be active at the same time. This means
that the Z channel pulse must be enveloped by the active
region of the Home Limit input. When both are active, the
indexer defines that position as the home position.

The indexer will reverse direction if an End-of-Travel limit is
activated while searching for Home. However, if a second
End-of-Travel limit is encountered in the new direction, the
Go Home procedure will stop and the operation will be
aborted.

After the GH command is issued, the motor will run in the
direction and velocity specified. The motor will keep running
after the home switch is activated until it is deactivated. It
will then decelerate and reverse direction.

Command Description
GH-28@ The motor moves in the CCW direction at 20 rps and

looks tor the Home Limit input to go active
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H Set Direction (CW or CCW) VALID
Motion Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

H<s> s = direction + or - + Buffered

EXECUTION TIME <10 ms

SEE ALSO None

Description

Exampies

The Set Direction (Ht) command changes or defines the
direction of the next move that the system will execute. This
command does not effect moves already in progress.

e H+ Sets move to CW direction
* H- Sets move to CCW direction
e H Changes direction from the previous setting

In preset moves, a Distance (D) command entered after the Ht
command overrides the direction set by the Ht command. In
Continuous mode (MC) only the H+ command can set the
direction of motion.

Command Description

MN Sets Normal mode

AS Sets acceleration to 5 rps2

V5 Sets velocity to 5 rps

D25@2@ Sets distance to 25,000 steps

G Executes the move (Go) in + direction
H Reverses direction

G Executes the move (Go) in - direction
MC Sets mode to continuous

H+ Sets direction to + direction

G Moves continuously in + direction
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I Load Move Data VALID
Programming Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
I None None None Buffered
EXECUTION TIME <10 ms SEE ALSO G, ssc

Description

The Load Data (1) command allows the indexer to precalculate

move data sent, so that execution of the move will begin
within 10 ms of receiving a Go (G) command. The move profile
may be repeatedly executed with a only a 10 ms calculation
delay until any one of the three move parameters:
Acceleration (a), Velocity (v}, or Distance (D) is changed.

Without use of the I command, a delay of up to 30 ms per axis
will occur before execution of the move. The Set Load and Go
Mode {sS¢) command must be enabled before the I command

will work.
Command

MN
sSscC1l
AS

vig
D25p2@
I
TR1XX
G

Example

Description

Sets mode to normal (preset)

Enable load and go mode

Sets acceleration to 5 rps.2

Sets velocity to 10 rps

Sets distance to 25,000 steps

t oads move data (precalculates move profile)
Wait for trigger 1 to go high

Executes the move (Go)

Motion

K Kill Motion

VALID
Software Version E

SYNTAX

RANGE

None

UNITS

K None

ATTRIBUTES

Immediate

DEFAULT

None

EXECUTION TIME

<10 ms SEE

ALSO s

Description

The Kill (k) command is an emergency stop command and

should only be used as such. This command causes indexing
to cease immediately. There is no deceleration of the motor.
If Kill causes the motor to slip (i.e., large loads at high speed),
the load could be driven past limit switches and cause damage
to the mechanism and possibly to the operation.

In addition to stopping the motor, the K command will
terminate a loop, end a time delay and clear the command

buffer.
Command

AS
v2
MC
G
K

Example

Description

Sets acceleration to 5 rps2
Sets velocity to 2 rps

Sets mode to continuous
Executes the move (Go)
Stops the motor instantly
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L

Loop VALID
Programming Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
Ln n = number 0 = infinite None Buffered
of loops otherwise

1 - 4299467294

EXECUTION TIME <10 ms

SEE ALSO ¢, N, U, Y

Description

Example

When you combine the Loop (L) command with the End-of-
Loop (N) command, all of the commands between L and N will
be repeated the number of times indicated by n. If you enter
the L command without a value specified for n, or with a @,
subsequent commands will be repeated continuously.

The End-of-Loop command prompts the indexer to proceed
with further commands after the designated number of loops
have been executed. The Stop Loop (¥) command indicates
where execution will stop. The Immediate Pause (U) command
allows you to temporarily halt loop execution. You can use
the Continue (C) command to resume loop execution.

The accuracy of single-step moves (D1) within a loop is
limited to 0.009%. Loops that contain more than 10,000
single-step moves may generate one too many or one too few
steps.

Command Description

L5 Loops 5 times .

AS Sets acceleration to 5 rps2

vig Sets velocity to 10 rps

D1gooe Sets distance tc 10,000 steps

G Executes the move (Go)

N Specifies the above 10,000-step move to be repeated
tive times
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MA

Set Mode Alternate

VALID

Motion Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
MA None None None Buffered

EXECUTION TIME <10 ms

SEE ALSO D, MC, MN, SSD, A, V, G

Description

Examples

The Mode Alternate (MA) command, like the Mode Normal
(MN) and the Mode Continuous (MC) commands, effects the way
moves are preformed. In Mode Alternate (MA), a move is made
to a position that you define with the Distance (D) command.
When the motor reaches the specified distance it reverses
direction and returns to the starting position. This cycle will
continue until you issue a Stop (s} or Kill {K) command.

Command Description

MA Sets indexer mode to alternate
AS Sets acceleration to 5 rps2

vi Sets velocity to 1 rps

D12@0d Sets distance to 1,000 steps
G Executes the move (Go)

The motor moves 1,000 steps (CW). It then reverses direction
and moves 1,000 steps (CCW) direction. This motion
continues until you issue a Stop (8) or Kill (K) command.

MC

Set Mode Continuous

VALID

Motion Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
MC None None None Buffered

EXECUTION TIME <10 ms

SEE ALSO A, MA, MN, T, TR, V, H, G

Description

Example

The Mode Continuous {MC} command causes subsequent
moves to ignore any distance parameter and move
continuously. You can clear the MC command with the Move
Normal (MN) command.

The indexer uses the Acceleration (a) and Velocity (V)
commands to reach continuous velocity. The direction of the
move should be specified with the (H+) or H-) command.

Using the Time Delay (T), Trigger (TR), and Velocity (V)
commands, you can achieve basic velocity profiling.

Command

MC Sets mode to continuous
AS Sets acceleration to § rps2
V5 Sets velocity to 5 rps

E+ Set direction to CW

G Executes the move (Go)

The motor turns at 5 rps CW until it is halted by the Stop (S)
command, Kill {K) command, a limit switch, or by a new
velocity specification (V10 G).

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




CHAPTER 5. SOFTWARE REFERENCE 75

MN Set Mode Normal VALID
Motion Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
MN None None None Buffered
EXECUTION TIME <10 ms SEE ALSO =&a, D, G, MC, V
Description The Mode Normal (MN) command sets the system to mode

normal. In Mode Normal, the motor moves the distance
specified with the distance (D) command. To define the
complete move profile, you must define Acceleration (A),
Velocity (v), and Distance (D). The MN command is used to
change the mode of operation from Continuous Mode (MC) or
Alternate Mode (Ma) to preset mode.

Example Command Description
MN Set the system to mode normal
AS Set accelerationto 5 rps2
vs Set velocity to 5 rps
D1g2@ Set distance to 1,000 steps
G Executes the move (Go)

MR Select Motor Resolution VALID
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

MRnN n = number 0 - 20 10 Buffered
EXECUTION TIME <50 ms SEE ALSO &a, v, ER
Description The Motor Resolution (MR) command sets the number of steps/

rev. This command allows the indexer to control drives of
different resolutions while maintaining the commanded
acceleration and velocity. MR values greater than 20 are

ignored.
Example Command
MN Sets system to mode normal
MR1 Sets motor resolution to 400 steps/rev
A5 Sets acceleration to 5 rps2
vVig Sets velocity to 10 rps
D8@w® Sets distance of move to 800 steps
G Executes the move (Go)

A 400 step per revolution motor/drive will turn 800 steps (two
units) CW at an acceleration of 5 rps? and a velocity of 10 rps
after the G command.

If this command set is sent to a motor/drive with a resolution of
4,000, the motor will still turn 800 steps (1/5 of a rev). However,
the actual acceleration would only be 0.5 rps? and the actual
velocity would only be 1 rps. Indexer resolution and motor/
drive resolution must match to get the commanded velocity and
acceleration. This command does NOT affect distance.
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Motor Frequency Velocity Pulse W |[ PC21
Resolution Range (Hz Range (rps (usec) Cmd
200 1.018- 2000 0.01-160 15 MRO
400 1.018-32000 0.01-80 15 Mﬂ
800 2.036-64000 0.01-80 7.5 MR2
1000 3.052-100000 0.01-100 4 MR3
1600 3.052-96000 0.01-60 4 MR4
3200 7.629-250000 0.01-80 2 MR5
5000 15.259-50000 0.01-100 1 MR6
6400 15.259-512000 0.01-80 1 MR7
10000 15.259-500000 0.001-50 1 MR8
21600 15.259-496800 0.001-23 1 MR9
25000 15.259-500000 0.001-20 1 MR10
25400 15.259-508000 0.001-20 1 MR11
36000 15.259-504000 0.001-14 1 MR12
50000 15.259-500000 0.001-10 1 MR13
50800 15.259-500000 0.001-10 1 MR14
4096 15.259-500000 0.01-124 1 MR15
12800 15.259-500000 0.001-39 1 MR16
25600 15.259-500000 0.01-19 1 MR17
12500 15.259-500000 0.01-40 1 MR18
16384 15.259-500000 0.01-30 1 MELQ
20000 15.259-500000 0.01-25 1 MR20
MV Set Maximum Correction Velocity VALID
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
MVd n = rps 0.001 - 20.00 0 Immediate

EXECUTION TIME

<10 ms

SEE ALSO <cG, CM, ER, FS

Description If the motor is running with the encoder feedback, and
position maintenance is turned on, this command will
specify the maximum velocity for correction moves. MV
values greater than 20 are ignored.

Examples Command Description
MN Mode normal (preset moves)
MV2 Set the maximum correction velocity to 2 rps
FSB1 Set motion in encoder mode
FSC1 Set position maintenance on
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N

commands

The motor makes a 10,000 step move 5 times.

End of Loop VALID
Programming Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
N None None None Buffered
EXECUTION TIME <10 ms SEE ALSO ¢, L, PS, ¥
Description This command marks the end of loop. You can use this
command with the Loop (L) command. All buffered
commands that you enter between the L and N commands are
executed as many times as the number that you enter
following the L command.
Example Command Description
PS Pauses the execution of buffered commands until the
indexer receives a Caontinue (c) command
MN Sets move to mode normal
AS Sets acceleration to 5 rps2
Vs Sets velocity to 5 rps
D1o2ge Sets move distance to 10,000 steps
LS Loops the following commands five times
G Executes the move (Go)
N Ends the loop
c Clears pause and executes all the buffered
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o Output VALID
Programming Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
On n = output 0 = off None Buffered

1 = on
EXECUTION TIME <10 ms SEE ALSO TR, FSE

Description The Output (0) command turns the programmable output bit
(POB) on and off. This is used for signaling remote
controllers, turning on LEDs, or sounding whistles. The
output can indicate that the motor is in position, about to
begin its move, or is at constant velocity, etc.

Example Command Description
AS Set acceleration to 5 rps
Vs Sets velocity to 5 rps
D2222@ Sets move distance to 20,000 steps
o1 Sets programmable output 1 on
G Executes the move (Go)
o After the move ends, turn off output
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P Report Incremental Position VALID
Status Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

P None None None Buffered

EXECUTION TIME <20 ms

SEE ALSO

FSB, PB, PR, W, X

RESPONSE TO p IS

+tnnnnnnnn (n

0 - 9)

encoder or motor steps = 0 to *99,999,999

Description

Reports incremental distance traveled during the last move in

decimal format. The command reports positions in an 8-digit
number preceded by sign ()}, and followed by a carriage return.
If the indexer is in the encoder mode, the report is in encoder
steps. If the indexer is in motor mode, the report is in motor

steps.
Command

MN
FSBg
Al@
vSs
D25@g@
G

P

Example

Description

Set moves to mode normal
Set motor step mode

Set acceleration to 10 rps
Set velocity to 5 rps

Set move distance to 25,000 steps
Executes the move (Go)

Request Position

Response = +2@@2508%

2

The motor will move 25,000 motor steps, then the indexer will
report the distance moved in the last move.
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PB Incremental Binary Position Report VALID
Status Software Version
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
PB None None None Buffered
Not Saved

EXECUTION TIME

SEE ALSO pPRr, P, W, X

RESPONSE TO pB

IS 4 ASCII Characters

Description

Example

STEP 1

STEP 2

STEP 3

STEP 4

Reports incremental distance traveled during the last move.
Format is in 4 ASCII characters. The first ASCII character
received back from the PC21 is the most significant byte of a
four byte number. If the most significant bit of the most
significant byte is set, the response if negative. If the most
significant bit it cleared the response is positive (80 HEX-
FFHEX are negative, 90 7F are positive). This is not 2's
complement notation. As you receive the characters you will
need to convert them to a decimal number. This is done by
following the steps below.

1.

Compare the ASCII code for the first character to hex 89
(check to see if the most significant bit is set). Ifitis
greater than or equal to hex 89, subtract hex 89, and make
the sign of your result negative.

Convert all four ASCII characters to decimal numbers.
Multiply the first character by 16,777,216

Multiply the second character by 65,536

Multiply the third character by 256

Multiply the fourth character by 1

Add all the decimal results in step 3 together

ASCII characters Received ¢ J ! Q
ASCII HEX equivalent 9B 4A 21 51
9B > 8@

Result will be negative
Subtract 80 from 9B = 1B
New string = 1B 4A 21 51

HEX 1B = decimal 27
HEX 4A = decimal 74
HEX 21 = decimal 33
HEX 51 = decimal 81

27 x 16,777,216 = 452984832
74 x 65,536 = 4849664

33 x 256 = 8448

81 x 1 = 81

452984832 + 4849664 + 8448 + 81 = 457843025

Thus the last move was 457843025 steps CCW.
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PR

Report Absolute Position VALID
Status Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
PR None None None Buffered
EXECUTION TIME <15 ms SEE ALSO bp, MN, PZ, W, X
RESPONSE TO pRr IS tnnannnnn (n = 0 - 9)

encoder or motor steps O to 99,999,999

Description

Examples

This is an absolute position command. It reports motor
position with respect to power-up position. The absolute
position counter can track up to * 99,999,999 steps. If the
counter is overrun in the relative position mode, the absolute
position will be invalid.

If in the encoder mode, position will be reported in encoder
steps. If you are in motor mode, position will be reported in
motor steps. In preset mode, response to this command will
be reported after the move is done. In continuous mode, the
response to this command will be reported after the motor
reaches constant velocity.

The Position Report (PR) command responds with the
cumulative position of the motor in respect to the zero
position. The zero position can be defined by the position of
the motor after a Position Zero (pz) commnand is issued or by
the successful completion of a Go Home (GH) command.

This command can only respond when the motor is not being
commanded to move. Should you need relative positional
information when the motor is moving, see the Report
Position Relative to Start of Current Move (W) command.

Command Description

MN Set moves to mode normal

FSB@ Set motor step mode

AlQ Set acceleration to 10 rps2

V5 Set velocity to 5 rps

D25@2@ Set move distance to 25,000 steps
G Executes the move (Go)

G Executes the move (Go)

PR Request Position

Response = +22@5202¢

The motor will move 50,000 motor steps, then the indexer will
report the distance moved in the last move.
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PS Pause VALID
Programming Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
PSS None None None Buffered

EXECUTION TIME <10 ms

SEE ALSO c, U

Description

Example

This command pauses execution of a command string or
sequence following the Pause (PS) command until the indexer
receives a Continue (C) command. This command is useful if
you need to enter a complete string of commands before you
can execute your other commands.

This command is useful for interactive tests and in
synchronizing multiple indexes that have long command
strings.

Command Description

PS Pauses execution of following commands until the
indexer receives the Continue (c) command

AS Sets acceleration to 5 rp52

Vs Sets velocity to 5 rps

D25220 Sets move distance to 25,000 steps

G Executes the move (Go)

T2 Delays the move for 2 sec

G Executes the move (Go)

c Continues Execution

When the indexer receives the Continue (C) command, the
motor moves 25,000 steps twice with a two-second delay
between moves.
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PZ Set Zero Position VALID
Status Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

P2 None None None Buffered
EXECUTION TIME <10 ms SEE ALSO D, MN, PR
Description This command sets the absolute position counter to zero.

When your indexer powers up, the absolute counter sets to
zero. After moving the motor, the PZ command is used to
reset the absolute counter to zero.

In Absolute Mode (FSA1l), all the moves will be made with
respect to the absolute counter.

Examples Command
PZ Sets the absolute counter to zero
FsSal Makes all preset moves with respect to Absolute zero
position
AS Sets acceleration to 5 rps2
Vs Sets velocity to 5 rps
D25@0 Sets move distance to 2,500 steps
G Executes the move (Go)
PR Reports Absolute Position
Response = +20@@2500
P2 Sets the absolute counter to zero
PR Reports absolute position
Response = +2ee02202
Q Complete Current Command and VALID
Programming Clear Command Buffer Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
Q None None None Immediate
EXECUTION TIME <10 ms SEE ALSO K,sS
Description The @ command completes the current and clears the
remainder of the command buffer.
Example Command Description
Q Completes current command and clears command
buffer
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Q@

Exit Profiling Mode

VALID

Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
Qg None None None Immediate
EXECUTION TIME <10 ms SEE ALSO (Qi, RM
Description The @@ command is an exit command for the velocity
profiling mode. The motor will stop when Qg is issued.
Example See Q1 command.

Q1 Enter Immediate Velocity Profiling VALID
Set-Up Mode Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

Q1 None None None Immediate

EXECUTION TIME <10 ms SEE ALSO (@, RM

Description The Q1 command enters the immediate velocity profiling
mode. The command buffer is cleared and any motion is
killed on the specified axis. Subsequent RM commands will
cause an immediate change in motor velocity. Use Q@ to exit
this mode.
Before the status of this command is updated, the interrupt
must be acknowledged (refer to Chapter 4, Software
Reference).

Example mman Description

: Q1 Enter Velocity Profiling mode

RM@Z@11 Go to RM velocity of (11 hex) RM rps
RM@@55 Go to RM velocity of (55 hex) RM rps
RMZ122 Go to rM velocity of (100 hex) RM rps
RM@@55 Go to RM velocity of (55 hex) RM rps
RM@Z211 Go to rRM velocity of (11 hex) RM rps
(o] Exit velocity profiling mode

Motor movement will stop when the Q@ command is entered.
See ”RM command for more details.
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Ql Report QS Command Status VALID
Status Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
QI None None None Buffered

EXECUTION TIME

<15 ms

SEE ALSO os

RESPONSE TO QI IS nnnnnnn

(n = 0 or 1)

Description

Example

The QI command requests the status of the functions set by
the s command which will cause an interrupt to be sent
depending on various conditions. The reply is eight digits,

each of the functions are shown below:

Function Options Value
A Not Used (0) 0
B Move Complete NO/YES (n=0,1 n
C Not Used (0) 0
D_Llimit Enc&untered NO/YES {n=0,1 n
E Ready to Respond* (0) 0
F Not Used (0) 0
G Command Buffer Full NO/YES || (n=0.1 n
H Motor Stall NO/YES (n=0,1) n

*The ODBRDY bit in the status register is set. Refer to Chapter
4, Application Design, for more on communication.

Move complete will always display a result, even if @SB is not

enabled.
Command Description
Qal Request source interrupt status

Response = g1s2e@e@. According to the indexer
response, the move is complete.
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QR

Report QS Command Function

VALID
Enable Status

Status Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
QR None None None Buffered

EXECUTION TIME

<20 ms

SEE ALSO o¢s, QI

RESPONSE TO QR IS nnnnnnn (n = 0

or 1)

Description

Request for the functions enabled or disabled by the QSA
through QSH commands. The reply is eight digits, indicating
which signal functions are active, as shown below:

Function Options Value
A Not Used (0) 0
B Move Complete NO/YES {n=0,1) n
C Not Used (0) 0
[_J_Limit Encountered NO/YES (n=0,1) n
E Ready to Respond” (0) 0
F Not Used ] (0) 0
G Command Buffer Full NO/YES {(n=0,1) n
H Motor Stall NO/YES (n=0,1) n
QS Interrupt on Signal Commands VALID

Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
QSBxn x = function =Aa, B D, E, ¥, G H None Buffered

n = on/off n=0o0rl

EXECUTION TIME

<10 ms

SEE ALSO None

Description

The QS commands allow the PC21 to send an interrupt to the
host computer when attention is required. Once enabled, QS
commands reside in the PC21's background during normal
operation. When the condition that prompts the interrupt is
met, the interrupt is generated. The interrupt is determined
by the host computer via the QI command. The interrupt will
be generated each time the condition occurs, until the
function is disabled. Refer to Chapter 4, Application Design,
for information on setting hardware interrupts.

Function

[+ 1]
L d

Not Used

Interrupt on Move Complete

Not Used
Interrupt on Limit Encountered

Interrupt on ﬁeady to ﬁEspond

Not Used

interrupt on Command Buffer Full

o 'l'\rmIUIO w|>

Interrupt on Motor Stall
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QSB Interrupt on Move Complete VALID
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
QSBn n = function 0 or 1 0 Buffered
EXECUTION TIME <10 ms SEE ALSO ©None
Description ¢ 0SB@ Do not send interrupt on move complete
e QsB1 Interrupt signal on move complete
Entering QSB1 causes the indexer to transmit an interrupt to
the host computer whenever a preset move has finished, been
stopped (8) or killed (K) commands.
In continuous mode (MC), the indexer will generate an
interrupt when motion has been stopped or killed.
QSB@ causes the indexer to no longer generate an interrupt if
the above conditions are present.
Example Command Description
QsSB1 An interrupt will be transmitted to the host on
completion of a move.
QSD Interrupt Signal on Limit VALID
Set-Up Encountered Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
QSDn n = function 0 or 1 0 Buffered
EXECUTION TIME <10 ms SEE ALSO
Description « @sbp@ Do not interrupt signal upon reaching a limit
« ©SD1 Interrupt signal upon reaching a limit
Example Command Description
gsD1 An interrupt will be generated if a limit has been hit.
This refers only to the CW and CCW end-of-trave!
limits
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QSE Interrupt on Ready to Respond VALID
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
QSEn n = function 0 or 1 0 Buffered
EXECUTION TIME <10 ms SEE ALSO None
Description e QSE@ Do not interrupt when indexer is ready to respond.
Causes the indexer to no longer generate an
interrupt on a response
¢ (QSE1 Interrupt when indexer is ready to respond
Example Command
QSE1l An interrupt will be generated an instant before the
indexer is ready to transmit a response to the host.
The commands B, CR, FR, P, PB, PR, QI, OR, R, RA, RB, RC, RV,
SR, TS, UR, W1, W2, w3, and X1 will all generate an interrupt
QSG Interrupt on Command Buffer Full VALID
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
QSGn n = functicn 0 or 1 0 Buffered
EXECUTION TIME <10 ms SEE ALSO None
Description « 08G@ Do not interrupt on buffer full (less than 32 bytes
free)
¢ QSG1 Interrupt on buffer full
Example Command Description
QsG1 When the command buffer has less than 32 bytes

available an interrupt will be generated. (One
character = 1 byte.)
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QSH Interrupt on Motor Stall VALID

Set-~Up Software Version E

SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
QSHn n = function 0 or 1 0 Buffered

EXECUTION TIME

<10 ms

SEE ALSO oDw

Description

Example

* QOSH@ Do not interrupt on stall
» QSH1 Interrupt on stall detect

Entering QSH1 causes the indexer to transmit an interrupt
signal to the host computer whenever a stall is detected. how
the interrupt is handled is dependent upon the host computer
and your own program within the host.

A stall is detected when the indexer detects the encoder count
fall behind the motor step count by one full tooth on the
motor (250 n-steps for a 25,000 step motor). You must specify
a backlash with the define backlash (DWw) command, before
stall detection is enabled.

Entering QSH@ causes no interrupt to be transmitted by the
indexer when a stall is detected.

Command Description
QSH1 An interrupt will be transmitted to the host when a stall
occurs.
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R Report Indexer Status VALID
Status Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

R Ncone None None Immediate

EXECUTION TIME <5 ms SEE ALSO RA, RB, RC

RESPONSE TO R IS*x (x = R, B, §, or C)

Description You can use the Request Indexer Status (R) command to review
the status of the indexer. Possible responses are:
R Definti
*R Ready
*S Ready, Attention Needed
*B Busy
*C Busy, Attention Needed

When the indexer is prepared to execute another command,
the following conditions delay further execution:

Performing a preset move

Accelerating/decelerating during a continuous move
A time delay is in progress (T command)

Paused (ps)

Waiting on a Trigger (TR)

Going Home

Executing a loop

The following conditions cause error responses.

« Ateedback error condition exits.
*  Go home failed
- Limit has been encountered

You can obtain details on the error condition with the RA, RB,
or RC commands. Compumotor does not recommended that
you use this command in tight poling loops. It may overload
the microprocessor. Time delays can alleviate this problem.

Do not use this command to determine if a move is complete.
Use it after a move is complete to determine if other errors or
faults exist. Use a buflered status request command or a
programmable oulput to verify move completion.

Example Command
R *R The indexer is ready to accept a command—no
error conditions require attention
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RA Report Limit Switch Status VALID
Status Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
RA None None None Immediate
EXECUTION TIME <10 ms SEE ALSO R, RB, RC

RESPONSE TO RA IS*x (x - @, A, B, C, D, E, F, G, H, I, J, XK, L, M, N, or O)

Description The RA command should not be used in new applications. In
some instances, this command reports errorneous limit
conditions. Since some PC21 users may have this command
in existing programs, Compumotor chose not to make
changes that might cause problems for these users.

RB Report Pause and Trigger Status VALID
Status Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
RB None None None Immediate
EXECUTION TIME <10 ms SEE ALSO 11, pPS, R, RA, ST, TR, RC
RESPONSE TO RB IS*x (x =@, A, B, ¢, o, £, f, G, H, I, &, & L, M, N, or 0)
Description The RB command responds with the status of the command

buffer if it is presently executing a Loop (L) or a Shutdown (ST)
command. It will also indicate if a Pause (PS) command is
being executed or if a Trigger (TR} condition is presently being
waited on.

The controller responds with one of 16 different characters,
each of which represents one of the conditions listed below.

[Response] [ Buffer Pause immediate Pause | [ Trigger
Character Active Active Active
'@ Np NO NO
"B YES NO NO
"D NO YES NO
*F YES YES NO
H NO j_(l YES
"L NO YES YES

This command is useful to determine the present status of the
execution buffer. Especially when execution is held up or the
response is unclear.

Example Command Besponse
RB *A (The indexer is currently executing a loop)
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RC

Report Closed Loop Status

VALID
Software Version E

Status
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
RC None None None Immediate

EXECUTION TIME

<10 ms

SEE ALSO R, RA, RB

RESPONSE TO RC IS *x

(x = @, A)

Description

STALL

Examples

The Report Closed Loop Status (RC) command responds with a
character that represents the condition described below. This
function is only operable when you use encoder. - feedback.

In this condition, the controller detects either a deviation
between motor and encoder position that is larger than one
pole of the motor while running, or a deviation larger than
one pole of the motor plus the backlash parameter following a
direction change.

Command Response
RC *a (the indexer detected a stall)

RM

Rate Multiplier in Immediate

VALID

Set-Up Velocity Streaming Mode Software Version E

SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

RMxX XXX XXXX = Irps 0000 - FFFF 0000 Immediate
(hexadecimal)

EXECUTION TIME <5 ms

SEE ALSO 01, Q@

Description

Example

The RM command, followed by 4 hexadecimal digits, represents
an immediate velocity setting. The variable nnnn is a hex value
(in ASCII format) ranging from 0000 - FFFF that corresponds to
15.259 Hz - 500 KHz in increments of 15.259 Hz. In low velocity
range, 1.5259Hz to 50Khz, in increments of 1.5259Hz the
velocity change is almost instant. There is no acceleration/
deceleration ramp between velocities. A limit switch-closure
stops movement while the axis is in Velocity Profiling mode,
but does not cause the PC21 to exit Immediate Velocity
Streaming mode. Hex values 0000 - 7FFD result in CCW
rotation. Hex values 8000 to FFFD result in CW rotation. Hex
values 7FFE - 7FFF and FFFE- FFFF are special values that you
can use to set the POB.

Command Description

Q1 Enter Velocity Streaming mode
RMZ 666 Accelerate to 1 rps in the CCW direction
RM@CCC Accelerate to 2 rps

RM1332 Accelerate to 3 rps

RM1998 Accelerate to 4 rps

RM1332 Decelerate to 3 1ps

RM@CCC Decelerate to 2 rps

RMZ666 Decelerate to 1 rps

RMZ DS Decelerate to O rps

Q2 Exit Velocity Streaming mode
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RV Report Software Part Number VALID
Status Software Version
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
RV None None None Buffered
EXECUTION TIME <10 ms SEE ALSO
RESPONSE TO RV IS *92-nnnnnn-nn<xn> (n = 0 - 9, x = A - 2)

Description

Example

The RV command responds with the software part number
and its revision level. The response is shown below:

*92-nnnnnn-nn<xn>
part number rev. level

The part number identifies which product the software is
written for, as well as any special features that the software
may include. The revision level identilies when the software
was written. You may want to record this information for
future use. This type of information is useful when you
consult Compumotor's Applications Engineering Dept.

Command = Description

RV Response = "92-008754-01E

The product is identified by 92-008754. The revision level
is identified by 01E. Older revisions, D and below, do not
have this command.

S Stop VALID
Motion Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

s None None None Immediate

EXECUTION TIME <5 ms SEE ALSO K, SSH, A, SSD

Description

Example

This command decelerates the motor to a stop using the last
defined Acceleration (A) command. This command normally
clears any remaining commands in the command buffer,
unless prevented from doing so by the Save Command Buffer
On Stop (ssH1) command. When the $SH1 command is
executed, the S command stops only the current move and
goes on to the next command in the buffer.

Command Description

MC Sets move in continuous mode

Al Smsmmdmmbnm1rm2

vig Sets velocity to 10 rps

G Executes the move (Go)

s Stops motor—0 rps (decel rate of 1 rpsz)

The 8 command cannot be put into the buffer since it is an
immediate command. This means that you cannot use this
command in a sequence. When the indexer receives the §
command, it stops motion.
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SR

Report Configuration Status

VALID
Software Version E

Status
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
SR None None None Buffered

SEE ALSO ss

EXECUTION TIME <10 ms

RESPONSE TO SR IS nnnnnnnn (b = 0,1)

Description The SR command is a special status request command. It
provides information on the status of up to 5 soft switches
that you use to turn configuration options on and off. You can
set these options with the S command. The table below lists
the response functions that you can receive status data on.

Code “Function On/Off Status
A Not Used N/A
B Not Used N/A —
0] Load and Go Mode © = Disabled 1 = Enabled
D Alternate Mode Stop © = Cycle End 1 = Immediate
———
E Not Used N/A
F Velocity Range @ =Normal 1 = Low
G Command Butfer on Limit © = Purge 1 = Save
H Command Buffer on Stop Q= 5urge 1 = Save

Exampie Command Besponse

SR ooe@12@ (the indexer is in the low-velocity range)

SSC

VALID
Software Version E

Set Load and Go Mode

Set-Up
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
SSCn n = mode 0 or 1l 0 Buffered

SEE ALSO G, SR

EXECUTION TIME <10 ms

Description + ssc@ Load and Go mode disabled
e« 8scl Load and Go mode enabled

If you issue a $sC1, a Go (G) command will not execute until a
Load and Go (I or 1¢) command has been executed.

Command

sscl

Example
Enables the Load and Go mode
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SSD Mode Alternate Stop Mode VALID
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
SSDn n = mode 0 or 1l 0 Buffered
EXECUTION TIME <10 ms SEE ALSO Ma, SR
Description This command determines the method of stopping when in

the MA move mode.

e SSD1 Stop immediately
« SSD@ Stop at the end of the current loop

Example Command Description
SsSDg Stops at end of loops in mode alternate
SSF Normal/Low Velocity Range VALID
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
SSFn n = range 0.001 - 20.000 0 Buffered
0.0002 - 2.0000
EXECUTION TIME <10 ms SEE ALSO 1M, SN, SS, SsJ, SR, V
Description This command sets the velocity range for the Velocity (V) and

Rate Multiplier (RM) commands. The normal range (SSF@) for
a 25,000-step/rev motor is .0001 - 20.000 rps. The low range
(ssF1) for a 25,000-step/rev motor is .0002 - 2.0000 rps.

Example Command Description
SSF1 Set low velocity range

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




CHAPTER 5. SOFTWARE REFERENCE 95
SSG Clear/Save the Command Buffer on VALID
Set-Up Limit Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
8SGn n = limit 0 or 1l 0 Buffered
EXECUTION TIME <10 ms SEE ALSO 1D, SR

Description

Example

If you enter ssGgand an end-of-travel limit is reached, all
motion will cease until the problem causing the over-travel is
rectified. All commands pending execution in the command
buffer are cleared when a limit is reached. If SSG1 is specified
and a limit is activated, the current move is aborted, but the
remaining commands in the buffer continue to be executed.

Command Description

SsG1 Save buffer on limit

AS Set accelerationto 5 rps2
V5 Set velocity to 5 rps
D25280 Set distance to 25,000 steps

G Executes the move (Go)

o1 Turn on programmable output
SSH Clear/Save the Command Buffer on VALID
Set-Up Stop Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
SSHn n = function 0 or 1 0 Buffered
EXECUTION TIME <10 ms SEE ALSO s, SR

Description

Example

¢ S$8H@ Clears command bufler on stop
e 8SH1 Saves command bulfer on stop

In Normal Operation (SSH@) the Stop (S) command will cause
any commands in the command buffer to be cleared. If you
select the Save Command Bulfler On Stop (SSH1) command, a
Stop (S) command will only stop a move in progress. It will
not stop any commands that remain in the buffer.

Command Description

SSHQ® Clears command buffer on stop
AS Sets acceleration to 5 rps

L2 Sets velocity to 5 rps

D25099 Sets distance to 25,000 steps
L5® Loop 50 Times

G Executes the move (Go)

T.5S Pauses the motor 500 ms

N Ends Loop

s Stops mation

When you issue the s command, the indexer clears the buffer
and stops the move.
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ST Shutdown VALID
Programming Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
STn n = funetion 0 or1l 1 Buffered

EXECUTION TIME

<10 ms

SEE ALSO None

Description

Example

The Shutdown (ST@) command rapidly decreases the motor
current to zero. The system ignores move commands that you
issue after the $T@ command. Torque on the motor is not
maintained after you issue the ST®@ command.

The $T1 command rapidly increases the motor current to
normal. Once you restore the current, you can execute moves.

This command is useful for reducing motor heating and
allows you to manually position the load. The motor position
counter is set to zero when you re-energize the motor using the
S$T1 command.

Command Description
ST@ Shuts off current to the motor

SV

Shutdown and Position Maintenance

VALID

Programming Software Version
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
SVn None None None Buffered

Not Saved

EXECUTION TIME

SEE ALSQO None

Description

SV@

SV1

Sv2

Sv3

These bulfered commands provide a way of simultaneously
changing the state of motor shutdown and position
maintenance functions.

Causes the Position Maintenance function to be turned off,
but does not turn off motor power. It is identical in function
to the Fsc@ command.

Causes the position maintenance function to be turned off and
the motor to be shut down simultaneously.

Causes the position maintenance to be turned on and turns
the motor power back on if it was turned off due to a SV1 or
sv@ command. The encoder position will be read and this
newest position will be maintained.

Causes the position maintenance to be turned on and tums
the motor power on if it was turned off. The encoder position
will not be read by this command. The position maintenance
will be the last position held before the position maintenance
function was disabled.
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T

Time Delay VALID

Programming Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
Tn n = seconds 0.01 to 999.99 None Buffered
EXECUTION TIME <10 ms SEE ALSO None

Description The Time Delay (T) command causes the indexer to wait the
number of seconds that you specify before it executes the next
command in the buffer. This command is useful whenever
you need to delay the motor's actions. .

Example mma escription
MN Sets mode to normal
AS Sets acceleration to 5 rps2
Vs Sets velocity to 5 rps
D252 Sets distance to 25,000 steps
T1@ Pauses motor movement 10 seconds
G Executes the move (Go)
TS5 Pauses the motor for 5 seconds after the move ends
G Executes the move (Go)

TR Wait for Trigger VALID
Programming Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
TRnnn n = function 0 = Closed 0 Buffered
1 = Open
X = Don't Care
EXECUTION TIME <10 ms SEE ALSO TS

Description

Example

Triggers are used to synchronize indexer operations with external
events. They can be used to implement a handshaking function with
other devices. There are three triggers (see below).

TRnnn
TRIGl——II
TRIG 2
TRIG 3

When TR command is used in a buffer, the indexer will get to
this command and wait until the input pattern is matched
before going on to the next command.

Command escripti

TR1@X Wait for input #1 to be opened and input #2 to be
grounded before going on to the next command.
Inputs #3 is ignored.

AS Sets accelerationto 5 rps2
Vs Sets velocity to 5 rps
D25@203 Sets distance to 25,000 steps
e} Executes the move (Go)
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TS

Report Trigger Input Status

VALID
Software Version E

Status
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
TS None None None Immediate

EXECUTION TIME <10 ms

SEE ALSO o, TS

SSI,

RESPONSE TO Ts IS nnn

(n =

0, 1)

Description

Example

The Trigger Status command shows trigger input status.

e n= 1 (Input is not grounded)
¢ n =0 (Input is grounded)

TS nnn

TRIG 1_—_I_J '

TRIG 2
TRIG 3

Since the TS command is immediate, the host controller can

determine the status of the trigger inputs at any time, even

during execution of other commands. You can use this

command to make sure that your trigger paltern is met, when

you have issued the Trigger (TR) command.

Command

TS

121 (Trigger bits 1 & 3 are open—trigger bit 2 is
grounded)

U

Pause and Wait for Continue

VALID
Scftware Version E

Programming
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
U None None None Immediate

EXECUTION TIME

<10 ms

SEE ALSO <, ps

Description

Example

Artisan Technology Group - Quality Instrumentation

This command causes the indexer to complete the move in
progress, then wait until it receives a Continue (C) to resume
processing. Since the buffer is saved, the indexer continues to
run the program (at the point where it was interrupted). The
indexer continues processing when it receives the C command.
This command is typically used to stop a machine while it is
unattended.

Command Description

MN Sets move to Normal mode

AS Sets acceleration to 5 rps2

Vs Sets velocity to 5 rps

L@ Loops indefinitely

D25690 Sets distance to 25,600 steps

G Executes the move (Go)

T1@ Waits 10 seconds after the move

N Ends loop

U Pausas until the indexer receives the C command
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UR Report Scale Factor Status VALID

Status Software Version E

SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
UR None None None Immediate

EXECUTION TIME <10 ms

SEE ALSO s

RESPONSE TO URIS nnn (n = 001 to 255)

Description

Reports the scale factor set using US command. The actual
number of steps sent to the motor drive during a Preset move
will be, the current distance parameter setting multiplied by
this scale factor.

Example Command Description

MN Sets move to continuous

AlY Sets acceleration to 10 rps2

Vs Sets velocity to 5 rps

us2¢g Sets scale factor to 20

UR Requests scale factor. The response is @2@ Verity
that scale factor is set to 20

D22@@B Sets distance to 20,000 steps

G Executes the move (Go)

Axis #1 sends out 20,000 ¢ 20 = 400,000 steps.

Us Set Position Scale Factor VALID
Set-Up Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

USnnn n = steps 1 - 255 1 Buffered

EXECUTION TIME <10 ms

SEE ALSO UR

Description

Example

Set distance scale factor. Where n = 1 to 255. Any distance
value set with the D command after setting the US command,
will be multiplied by the value set by us command. This value
will remain valid until the indexer is reset or a new US value
is defined. Any US command not in the range 001 - 225 will
default to 1.

If 200 steps will yield 0.001 inches of rotary movement, you
can issue a Us2g@ command and program distance in 0.001-
inch increments.

man Description
MN Sets move to continuous
AlQ Sets acceleration to 10 rps2
Vs Sets velocity to 5 rps
US200 Sets scale factor to 200
D1g@o0o Sets distance to 10,000 steps
G Executes the move (Go)

The motor moves 2,000.000 steps.
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\'

Set Velocity VALID
Motion Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
vn n = rps 0.001 to 20.000 1 Buffered

EXECUTION TIME <10 ms

SEE ALSO »a, D, G, MR, SSF

Description

Example

The Velocity (v) command defines the maximum speed at
which the motor will run when given the Go (G) command.
The actual speed of the motor or output frequency of the
indexer will vary, depending on the motor drive resolution
(MR) and the velocity range (SSF). The following formula is
used to determine the output frequency of the indexer:

Frequency = (n) <+ (Motor Resolution) in steps/rev.

The top speed of the motor drive is limited by the motor type.
Entering a velocity higher than the top speed of a motor drive
system will cause the motor to stall and may cause the drive to
fault.

Command Description

MC Sets move to continuous
AS Sets acceleration to 5 rps2
Vs Sets velocity to 5 rps

G Executes the move (Go)

In preset mode, Mode Normal (MN) the maximum velocity may
also be limited when the resulting move profile is triangular.
In Mode Continuous (MC), a Go (6) command is completed—the
indexer moves on to the next command in the buffer once the
specified velocity is reached.

VS Set Start/Stop Velocity VALID
Motion Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

vSn n = rps 0.001 to 20.000 0 Buffered

EXECUTION TIME <2 ms

SEE ALSO A, D, G, MR, SSF

Description

Example

The Set Start/Stop Velocity (vS) command sets the velocity at
which all subsequent moves start from before ramping to the
specific acceleration rate defined for the move (at the
completion of the move, the axis will come to a stop at the
velocity rate specified with the vs command. This command
is only in effect if it is issued prior to a Velocity command (V).
The velocity input is altered by this command.

Command Description
vs1 Sets start/stop velocity at 1 rps.
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W

Report Immediate Position VALID

Status Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
Wn n = form 1 = binary 1 Immediate
of response 3 = hex ASCII

EXECUTION TIME <10 ms SEE ALSO PR

RESPONSE TO W3 IS *x(4 ASCII characters)

The Immediate Position Request (W) command provides a
position report of a specified axis while the motor is moving.
The report indicates position relative to the start of the
current move or the completion of the last move.

Description

If you specify the variable n as 1, the response format will be a
4 byte binary number (with no carriage return). The four byte
binary number will be an unsigned magnitude of the current
move or the last move completed. This command only works
while in motor step mode. If you specify the variable n as 3,
the response format will be an asterisk followed by eight hex
ASCII characters in two's complement signed notation (with
a carriage return). This command works in either motor step
mode (FSB@) or encoder step mode (FSB1).

This form of position report (bbbb), consists of four bytes.
The four bytes must be linked together {(concatenated) to form
a 32-bit binary number. A typical PC21 communications
algorithm expects to handle characters rather than binary
numbers and may have problems with this kind of response.
Assume that a response equivalent to the ASCII characters
~@, #. 0, and / (~@ refers to the CTRL key and @, an
unprintable character) is given. The binary code for this
response should be:

~e # 2 /
PEPOPO0e @212er11 @011292@ J@1g1111

This code has to be interpreted by the computer. The four
characters must be converted to their ASCII code numbers and
multiplied by the appropriate power of 256. The first
character received is the most significant byte. Refer to Table
5-1 for a conversion technique for ¢ # @ /. The formula
used for the binary conversion is:

Interpreting Binary
Position Reports

Charactar Value

ASCII Value +* Character Multiplier =

ASClI
ASCll HEX Decimal

Response| |Value Value Character Multiplier| |[Conversion (steps)

~e 0 0 16,777,216 (256°) 0
L # | L 23 | L35 | 65,536 (2562) [ 2,293, 760|
| 0 11 30 1L 48 1 256 (2561) L 12,288]
IV | T 11 47 | 1 (2569) | 47]
I Position Total: 2,306,095]

Table 5-1. Binary Position Conversion
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Interpreting
Hexadecimal
Position Reports

Positive w3
Response
Interpretation

This form of position report (*hhhhhhhh) is generated by the
w3 command. It consists of an asterisk followed by eight
hexadecimal characters; O - 9 and A - F. The position report is
followed by a carriage return. The decimal value of the
hexadecimal expression can be determined using the
technique demonstrated in Table 5-2. The response is in two's
complement notation reflecting direction. Negative numbers
imply CCW motion. Both commands are designed for
computer-controlled situations where the computer can
translate the hexadecimal.

The system provides responses in the following format:

MSD LsD
*hhhhhhhh

The first digit is the most significant digit (MsD). The last
digit is the least significant digit (LSD). Refer to Table 5-2.

Digit Digit Multiplier

h_(MSD) hoe16! = h + 268,435,456 =
L b | h +16% = h « 15,777,216 =
Lo | h 162 = h » 1,048,576 =
| h | h 16 = h « 65,536 =
| h +16° = h + 4,096 =
| h | L +16% = h e 256 =
| h ] hoel6L =k + 16 =
[n _wsp) | » 162 = h e 1=

Table 5-2. Value of Decimal Responses

The decimal (h) may have one of the values shown in Table 5-3.

Decimal Hexadecimal Decimal Hexadecimal
Value Value Vaiue Value
0 0 8 8
1 1 9 9
2 2 10 A
3 3 K ~ B
4 4 12 C
5 5 13 D
6 3 14 E
7 — 7 15 ~F

Table 5-3. Value of Decimal Responses

Using Tables 5-2 - 5-3, review the decimal value that would be
calculated if the following hexadecimal response were given:

*PPB433AE

Hexadecimal Character Multiplier Conversion (steps)
2 0 » 268,435,456 0
] 0 + 16,777,216 0
2 0 - 1,048,576 0
4 4 + 65,536 262,288
3 3 « 4,096 12,288
3 3 e« 256 768
A (= 10) 10 « 16 160
E (= 14) 14 .1 14
Total Steps: 275,374

Table 5-4. Sample Hexadecimal Response Conversion
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Negative w3
Response
Interpretation

The Binary
Approach

EXAMPLE

STEP 1

STEP 2
STEP 3

STEP 4

The Computer
Approach

EXAMPLE

STeEP 1

STEP 2

If the first digit of the response is an 8, 9, &, B, C, D, E, or F, the
response represents a two’s complement negative number.
This implies the direction of the last move was CCW. Any
response other than *Fhhhhhhh, *Ehhhhhhh,
*Dhhhhhhh, *Chhhhhhh, *Bhhhhhhh, *Ahhhhhhh,
*Ghhhhhhh , *8hhhhhhh should be interpreted per Figure 5-
2. There are several ways to convert an 8-digit two's
complement hexadecimal number to decimal.

Convert the hexadecimal response to binary form.
Complement the binary number.

Add 1 to the binary result.

Convert the binary result to decimal value with a minus
sign placed ahead of the decimal value.

LN

Response to W3 = EFFE2710

E F F E 2 7 1 %)
111 | [1121 1111} |1110] (2012 (@111 ] |2021 | {2202

(o0l | [oo02] [o000] [ooo1] [1101] [1oe2] [1112] (21111 ]

[eoet | [oooe] [ceoe] [ooe1] [1101] [1202] [1111] (2222 ]

T (e J[e 12 1o JCs 1L Jl 2 |
103 1D8F@ Hexadecimal = 26,8556,528 decimal

The result is 268,556,528 steps CCW.

1. Convert the hexadecimal response to decimal.

2. Subtract 168 (232 or 4.294,967,296) from the decimal
number in step #1.

Response to W3 = *EFFE2710

Hexadecimal Character Multiplier Conversion (steps)
E (=14) 14 + 268,435,456 3,758,096, 384
F (=15) 15 » 16,777,216 251, 658,240
F (=15) 15 » 1,048,576 15,728, 640
E (=14) 14 « 65,536 917,504

2 2+ 4,096 8,192
7 7+ 256 1,792
1 1+ 16 16
2 @ ¢ 1 3
Total steps: 4,026,410,768

4,026,410,768
-4,294,967,296
-268,556,528

The result is 268,556,528 steps in the CCW direction.
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XQ Reset Cumulative Position Counter VALID
Status Software Version
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES

Xg None None Buffered

Never Saved

EXECUTION TIME

SEE ALSO x1, X1B

Description The x@ command resets the cumulative position counter to
zero. It only affects the X1 and X1B commands. It does not
affect the PR, P. PB, W1, or W3 commands.

Example Command Description
MY Set to Mode Normal
Al Set acceleration to 10 rps?
v1io Set velocity to 10 rps
D25@20 Set distance to 25,000 steps
G Execute the move (Go)

X1 Report cumulative position +00025000
Xg Set cumulative position counter to zero
X1 Report cumulative position +00000000
X1 Cumulative Position Report VALID
Status Software Version
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
X1 None None None Buffered
Never Saved

EXECUTION TIME

SEE ALSO p, PR, FS, W1, W3, X1B

RESPONSE TO X1

IS fnnnnnnnn = 0 - 99999999 steps

Description

Example

The x1 command provides a position report as a decimal
value. The value represents a cumulative position in steps.
The cumulative position is the count from power up or from
the position at which a x@ command was given. The report
will be in either motor steps or encoder steps depending on
which mode was selected with the FSB command. This
command will not provide current information when the
motor is moving in the continuous mode. The cumulative
position counter will not be reset by the PZ command.

The only way to reset this counter is to reset the PC21 or to
issue an X@ command .

Command Response
X1 +00319842 steps
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X1B | Cumulative Position Report (Binary) VALID
Status Software Version
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
X1lB None None None Buffered
Never Saved

EXECUTION TIME SEE ALSO w1, pPB, P, X1, W1, W3

RESPONSE TO x1B IS 4 digit ASCII characters or 0-2,147,483,647

Description The x1B command provides cumulative position (cumulative
count from power-up or from the position at which an x@
command is given). The report is in the form of 4 characters.
The first ASCII character received back from the PC21 is the
most significant byte of the four byte number. If the most
significant bit of the most significant byte is set, the response
if negative. If the most significant bit it cleared the response
is positive (80 HEX-FFHEX are negative, O0-7F are positive).
This is not 2's complement notation. As you receive the
characters you will need to convert them to a decimal number.
This is done by following the steps below.

1. Compare the ASCII code for the first character to HEX 80
{check to see if the most significant bit is set). Ifit is
greater than or equal to HEX 8@, subtract HEX 8@, and
make the sign of your result negative.

2. Convert all four ASCII characters to decimal numbers.

Multiply the first character by 16,777,216
Multiply the second character by 65.536
Multiply the third character by 256
Multiply the fourth character by 1

4. Add all the decimal results in step 3 together

Example ASCII characters Received ¢ J ! Q
ASCII HEX equivalent 9B 4A 21 51
STEP 1 9B > 8@

Result will be negative
Subtract 80 from 9B = 1B
New string = 1B 4aA 21 51

STeP 2 HEX 1B = decimal 27
HEX 4A = decimal 74
HEX 21 = decimal 33
HEX 51 = decimal 81
STEP 3 27 x 16,777,216 = 452984832
74 x 65,536 = 4849664
33 x 256 = 8448
81 x 1 = 81
STEP 4 452984832 + 4849664 + 8448 + 81 = 457843025

Thus the last move was 457843025 steps CCW.
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Y

Stop Loop VALID
Programming Software Version E
SYNTAX UNITS RANGE DEFAULT ATTRIBUTES
Y None None None Immediate

EXECUTION TIME <10 ms

SEE ALSO L., N

Description

Example

The Stop Loop (¥) command takes you out of inner loop when
the loop completes its current pass. This command does not
halt processing of the commands in the loop until the indexer
processes reach the last command of the current loop. At that
time, the indexer executes the command that follows the End

Loop (N) command.

Command Description

L Loops indefinitely

AS Sets acceleration to 5 rp32
Vs Sets velocity to 5 rps
D25020 Sets distance to 25,000 steps
T2 Waits 2 seconds

¢ Executes the move (Go)

N Ends loop

Y Stops loop

The loop requires the motor to move 25,000 steps and then
walt for two seconds. The loop terminates at the end of the
loop cycle it is executing when it receives the ¥ command.
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Chapter 6.

Chapter Objectives

HARDWARE REFERENCE

The information in this chapter will enable you to:

e Use this chapter as a quick reference tool for proper 1/O
wiring, jumper settings and system specifications

Environmental
Specifications

Performance

Velocity Range

Acceleration
Range

Position Range

1/0
Specifications

Interface Inputs

CW and CCW
Limit Switch
OPTO Inputs

CW and CCW
Limit

Home Enable
Input

Operating Temperature: 32 to 122°F (0 to 50°C)
Storage Temperature: -22 to 185°F (-30 to 85°C)
Humidity: O to 90% non-condensing

Stepping Accuracy: *0 steps from Preset total
Velocity Accuracy: +0.02% of max rate (£+0.001 rps)
Velocity Repeatability: +0.02% of max rate

25,000 steps/rev motor: 0.01 to 20.00 rps
5,000 step/rev motor; 0.01 to 100.00 rps

25,000 and 5,000 step/rev motor: 0.01 to 999.99

All resolutions: 0 to 99,999,999 steps

The PC21 provides an IBM PC interface in accordance with
IBM I/0 Channel signal specifications and definitions. The
PC21 uses the following I/O Channel Signal Lines:

+AC

+A2 througn +A9
+D0 through +D7
+AEN

RESET

-I0R

-I0W

+IRQ3

+IRQ4

+5V

GND

+3VDC minimum at 10mA source inputs
Signal Duration: > 10ms

The CW & CCW limits are direct inputs.

Type: Active high

Signal high: +4.5VDC min

Signal low: 0.5VDC max, -2.0mA sink
Signal duration: > 10 ms

Type: Active high

Signal high: +4.5VDC min

Signal low: 0.5VDC max, -2.0mA sink
Signal duration: > 10 ms

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



108

PC21 INDEXER USER GUIDE

Trigger

Encoder Inputs
{(Channels A, B,
and 2)

Outputs
(General)

Step, Direction,
and Shutdown
Outputs

Programmable
Output Bit

Motor Drive
Connections

Motor
Resolution

The PC21's trigger inputs can be active high or low (user
selectable).

Signal high: +3.5VDC min
Signal low: 0.5VDC max, -2.0mA sink
Signal duration: > 10 ms

Type: Active high

Signal high: +4.5VDC min

Signal low: 0.5VDC max, -2.0mA sink

Signal duration: > 1.5 ms

User must provide: +5V +-5% at 250 mA min (to provide
+5VDC power source for optical encoders)

All PC21 outputs share the following characteristics.

Open Collector: 3 to 40VDC, -300mA sink
CW/CCW Step: 5ms nominal step outputs, (200,400 step/rev),
1us nominal (21600/50000 steps/rev) 1

The PC21's step, direction, and Shutdown outputs are
differential oulputs.

Type: Active high

Signal high: +3.5VDC min, +60 mA source

Signal low: +0.75VDC max, -60 mA sink

Signal duration: 15us nominal (200,400 steps/rev),lus
nominal (21600750000 steps/rev)

Signal high: +2.36VDC min, +0.4mA source
Signal low: +0.8VDC max, -4.0mA sink

J2 Pin # Function

1 Step Output

Direction QOutput

CW Step Output

CCW Step Qutput

Shield

Step Output (m or Ground)

Direction Output (ﬁ?N or Ground)

[oo] RN Kool RET R-H KAV 14N

Shutdown Qutput

9 Shutdown Output (RTN)

Table 6-1. Motor Drive Pinouts

{steps/rev) part of rev* min of arc*
50,000 2.0000 x 10-5 0.4320
36,000 2.7778 X 10-5 ~0.6000
25,400 3.9370 x 10-5 0.8504
25,000 4.0000 x 10-5 0.8640
21,600 4.6296 x 10-5 1.0000
4,096 2.4410x 10-4 52734
1,000 1.0000 x 10-3 21.6000

400 2.5000 x 10-3 54.0000
200 5.0000 x 10-3 108.0000

Table 6-2. Motor Resolution
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input/Output
Connections

J1 Pin # Function
CCW Limit Input
e ———————
CCW Limit Direction Drive Return
CCW Limit Opto Return
e
NC
:!ome Enable Input
External +5VDC Input
GND (Reference or External input)
GND sReference or External input)
CW Limit Opto Return
10 CW Limit Direct Drive Return
11 [CW Limit Input
12 _‘I_'rigger 3
13 l@ger 2
14 Trigger 1
15 Output 1

Table 6-3. 1/0 Connections

omwimmhmmd

DIP Switch

Settings
Binary Value (OFF
Switch # | [ Address ] | Decimal Hex
] 2 4 4
7 3 8 8
6 4 G 10
5 5 = D
4 3 &4 0
3 7 128 &0
2 3 256 100
1 9 512 200

Table 6-5. Address Select Switch (S2) Values

DIP Switch Sellings for S2
Pin Position
1 OFF
[@]

==

91919|9|8l2

Table 6-6. DIP Switch Settings for S2
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Encoder The PC21's encoder connector is a 25-pin D connectors.
Connector

Pin # . Function
Quadrature Channel A+
Quadrature Channel A- (optional)
Quadrature Channel B+
[Quadrature Channel 5-(optional)
Channel Z+ (index)

Channel Z- (optional)

F

256
)
[ox

ggaaaaq

BBNB5EQ|66\‘E§§:6@00\1|mu1amm-

+5VDC (250ma max) User supplied
C (250ma max) User supplied
5 +5VDC (250ma max) User supplied

N
+

4]
<
(v

Table 6-4. PC21 Encoder Connector

Dimensional
Drawings

13.33" -

3.90

4.92

B3

]v 9.23 S 319 o | (
30 | ¢ ¥V

Figure 6-1. PC21 Indexer Dimension Drawing
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Chapter 7. MAINTENANCE & TROUBLESHOOTING

Chapter Objective

The information in this chapter will enable you to:

¢ Isolate and resolve system software problems

Maintenance
Spare Parts List

Part Number | |[Description

——
43-000739-01 15 Pin D Connector (Male)

43-000740-01 15 Pin D Connector (Female)

43-002435-01 Jumper 2 pin

51-000689-01 Jacksocket D Connector

Table 7-1. Spare Parts

Troubleshooting

Isolating
Problems

This section discusses methods to identify, isolate, and
resolve problems that may occur with your PC21 Indexer.

When your system does function properly {or as you expect it
to operate), the first thing that you must do is identify and
isolate the problem. When you accomplish this, you can
effectively begin to resolve the problem.

The first step is to isolate each system component and ensure
that each component functions properly when it is run
independently. You may have to dismantle your system and
put it back together piece by piece to detect the problem. 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.

Try to determine if the problem is mechanical, electrical, or
software-related. Can you repeat or re-create the problem?
Do not make quick rationalizations about problems.
Random events may appear to be related, but they are not
necessarily contributing factors to your problem. You must
carefully investigate and decipher the events that occur before
the subsequent system problem.

You may be experiencing more than one problem. You must
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.

Once you isolate the problem, take the necessary steps to
resolve it. Refer to the solutions contained in this chapter. If
your system's problem persists, contact Parker Compumotor's
Applications Department (800) 358-9070.
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Problems &

Solutions

Problem

Cause

Solution

Hardware failure

No Communication 1. Wrong Address 1. Change jumpers or software address
2. Two boards have same 2. Change address on one board (unique addresses)
address
3. Board not seated 3. Seat board in IBMPC
No Motion 2. Step pulse width too 2. Issue MRnn command to set motor resolution.
narrow for drive to
recognize
3. Limits engaged 3. Move load off of limit or disable limits (JU9, JU16).
4. Improper Wiring: 4. Check wiring, be sure the self-test jumper (JU13) is
Drive Faults not removed. Refer to Chapter 6.
Motor plugged to encoder
Encoder to wrong axis
— Shutdown line miswired
No Torque . Improper wiring Check wiring. Refer to Chapter 6.
Blown drive Return drive for repair.
Drive faulted Remove fault condition.
Drive Shutdown Issue the ST@ command to energize the drive.
Fauit Light Comes On Jumper JU13 removed Ensure the self-test jumper JU13 is not removed.

Wrong Sgeed or Bistance

WrongL resolution setting

Return unit for repair.
n unit :
Issue MRnn command to set motor resolution.

Missing Encoder Counts

WA A W

Miswiring
Encoder slipping
Encoder too hot

ISA S bl idient Eal Al

Check wiring. Refer to Chapter 6.

Tighten encoder coupler.

Reduce encoder temperature with heatsink, thermal
insulator, etc.

Motor Creeps

—

Wrong encoder/motor

—_

Swap Channel A & Channel B of encoder, or issue

polarity OSA1 command.
2. Encoder connected to 2. Swap encoder to indexer connection.
wrong axis 3. Issue FSCO command
3. In position maintenance
- mode (FSC1)
No POB Operation 1. Improper wiring 1. Check wiring. Refer to Chapter 6.
2. Shorted POB 2. Check for shorts on open collector POB outputs.

No Trigger Inputs

1.

Improper wiring

. Check wiring. Refer to Chapter 6.

Table 7-2. PC21 Problems and Solutions Table
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Retu rning the If you must return your PC21 Indexer system to effect repairs
Sy stem or upgrades, use the following steps:

STEP 1 Get the serial number and the model number of the defective
unit, and a purchase order number to cover repair costs in the

event the unit is determined by Parker Compumotor to be out
of warranty.

STEP 2 Before you ship the drive to Parker Compumotor, have
someone from your organization with a technical
understanding of the PC21 Indexer system and its application
include answers to the following questions:

» What is the extent of the failure/reason for return?
» How long did it operate?
* How many units are still working?

e How many units failed?

e What was happening when the unit failed (i.e., installing the unit,
cycling power, starting other equipment, etc)?

e How was the product configured (in detail)?
e What, if any, cables were modified and how?
e With wnat equipment is the unit interfaced?
¢ What was the application?

e What was the system sizing (speed, acceleration, duty cycle,
inertia, spacing, unit orientation, contaminants, etc)?

¢ What upgrades. if any, are required (software, user guide)?

STEP 3 Call Parker Compumotor for a Return Material
Authorization (RMA) number. Returned products cannot be
accepted without an RMA number. The phone number for
Parker Compumotor Applications Department is (800) 358-
9070.

STEP 4 Ship the unit to: Parker Compumotor Corporation
5500 Business Park Drive
Rohnert Park, CA 94928
Attn: RMA # xocoooxx
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APPENDICES

Command Listing

A (Acceleration)
B (Buffer Status)

C (Continue)

CG (Correction Gain)

CM (Set Correction Mode for Position Maintenance)
CR (Carriage Return)

D (Distance)
DW (Dead Band Window)

ER (Encoder Resolution)

FR (Encoder Functions Report)

FSA (Set Incremental/Absolute Mode)
FSB (Set Indexer to Motor/Encoder Mode)
FSC (Position Maintenance)

FSD (Stop on Stall)

FSE (Turn on Output on Stall)

FSF (Kill Mation on Trigger)

G (Go)
GA (Go Home Acceleration)
GH (Go Home)

Ht (Set Direction)

{ (Load and Go)

K (Kill)

L (Loop)

MA (Mode Alternate)

MC (Mode Continuous)

MN (Mode Normal)

MR (Select Motor Resolution)

MV (Set Maximum Correction Velocity)
N (End of Loop)

O (Output)

P (Report incremental Position)
PB(Incremental Binary Position Report)
PR (Position Report)

PS (Pause)
PZ (Position Zero)

Q {Complete Current Command and Clear Buffer)
QQ (Exit Profiling Mode)

Q1 (Enter Immediate Velocity Profiling Mode)

Ql (Report QS Command Status)

QR (Report QS Command Function Enable Status)
QS (Interrupt on Signal Commands)

QSB (Interrupt on Move Complete)

QSDInterrupt Signal on Limit Encountered)

QSE (Interrupt on Ready to Respond)

QSG (Interrupt on Command Buffer Full)

QSH (Interrupt on Motor Stall)

R (Request Indexer Status)

RA (Limit Switch Status Report)

RB (Loop, Pause, Shutdown, Trigger Status Request)

RC (Closed Loop Status)

RM (Rate Multiplier in Immediate Velocity Streaming Mode)
RV (Revision)

S (Stop)

SR (Report Configuration Status)

SSD (Mode Alternate Stop Mode)

SSF (Nommal/lLow Velocity Range)

SSG (Clear/Save the Command Buffer On Limit)
SSH (Clear/Save the Command Buffer on Stop)
SV (Shutdown and Position Maintenance )

ST (Shutdown)

T (Time)
TR (Trigger)
TS (Trigger Status)

U (Pause and Wait for Continue)
UR (Report Scale Factor Status)
US (Set Position Scale Factor)

V (Velocity)
VS (Set Start/Stop Velocity)

W1 (Signed Binary Position Report)
W3 (Hexadecimal Position Report)

X@ (Reset Cumulative Position Counter)
X1(Cumulative Position Report)
X1B (Cumulative Position Count [Binary})

Y (Stop Loop)
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ASCIl Table

pec | [nex | [cuar] [oec | [HEx | [char] [ oec ] [Hex ] [cHar] [ oec | | HEX | [cHAR]
2 @0 NUL 32 20  SPACE| 64 4 @ % & '
1 o1 SO 33 21 ! 65 41 A o7 61 a
2 2 STX 34 2 - 66 @2 B ) 62 b
3 @ EXT 35 2 # 67 @3 c 99 3 c
4 @ EOT 36 24 $ 68 m b | 188 & d
5 % ENQ 37 5 % 69 45 E 101 & e
6 26  ACK 38 % & 70 % F 192 6 t
7 o7 _BEL 39 27 . 71 47 G 193 &7 g
8 8 BS 40 8 ( 72 @ H 104 68 h
9 29 HT 31 2 73 49 | 105 & i
10 A LF 42 2A . 74 4A J 106  6A i
11 oB T 43 8 . 75 4B K 197 68 k
12 ac F 44 < , 76 «© L 108 & |
13 2 R 45 D - 77 4D M | 189 @ m
14 OF SO 46 P . 78 A N 110 & n
15 oF St 47 F / 79 & 0 111 & o
16 10 DLE 48 0 o 80 50 ) 11270 D
17 11 DC1 a9 31 1 81 51 Q | 113 7 q
18 12 DC2 50 k2 2 82 5 R 114 72 r
19 13 DC3 51 3 3 83 53 s 115 73 s
20 14 DC4 52 3 4 84 54 T 116 74 t
21 15 NAK 53 » 5 85 5 u 117 75 u
22 6 SYN 54 » 6 86 % v 118 7 v
23 17 ETB 55 37 7 87 57 W | 119 77 w
% 18 CAN | 56 3 8 88 8 X 120 @ x
= 19 EM 57 2 9 89 50 Y 121 79 y
% 1A sSuB| ss 3A 90 5A z 122 7A z
Z 1B ESC 59 38 , 91 5B [ 123 78 {
28 1c s 60 x < 92 5C \ 124 7 |
29 1D GS 61 D - 93 D ] 125 D }
30 1E RS 62 3E 94 € » 126 7E ~
31 F us 63 F ? 95 F - 127 * DEL
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pec |[ nex |[char][ pec |[ HEx | [crar][ pec ][ HEx ] [cHARr]| pEc | | HEX | [cHAR
128 ) c 160 A 4 192 [0} L 224 EO o
129 81 i 161 Al { 193 Ct | 225 E1 B
130 8 é 162 A2 6 194 2 T 226 E2 r
131 8 a 163 A3 0 195 c3 F 227 £3 T
132 84 Fl 164 M A 196 c4 — 228 E4 z
133 & a 165 A5 N 197 5 t+ 229 E5 o
134 % a 166 A6 a 198 o] l- 230 E6 N
135 87 G 167 A7 2 199 c7 I 231 E7 1
136 88 é 168 A8 . 200 c8 L 232 E8 o
137 2 8 169 A9 - 201 (o) = 233 E9 )
138 8A é 170 AA - 202 CA . | 234 EA Q
139 88 j 171 AB 1/2 203 cB 235 EB [}
140 aC i 172 AC 1/4 204 cc E 236 EC o
141 o) ] 173 AD i 205 03] = 237 =) @
142 8 A 174 AE « 206 CE % 238 EE €
143 & & 175 AF » 207 o3 1 239 & 2
144 0 E 176 BO 208 0o A 240 R =
145 ot @ | 17 Bt 209 D1 == | 241 Fi +
146 ® £ | 178 B 210 e = | 242 P2 >
147 el & 179 B3 | 211 B8 i 243 3 <
148 94 7 180 B4 ~ 212 > jn 244 4 i
149 % 3 181 B5 3 213 05 E 245 5 j
150 % a 182 B 214 [»3 r 246 B R
151 97 u 183 B7 1 215 o7 i 247 24 =
152 ®B § 184 B8 216 D8 = 248 B .
153 % o 185 =) = 217 D 1 249 2 .
154 %A 0 186 BA il 218 DA [ 250 FA .
155 98 ¢ 187 88 9 219 DB l 251 B v
156 «C £ 188 BC o 220 o0 - 252 R n
157 D ¥ 189 28] 1 221 29) | 253 20 2
158 % Pt 190 BE = 222 DE | 254 FE .
159 F f 191 BF 1 223 oF - 255 F
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Warranty

The items described in this
document are hereby offered for
sale at prices to be established by
Parker Hannifin Corporation, its
subsidiaries, and its authorized
distributors. This offer and its
acceptance by any customer
('Buyer') shall be governed by all of
the foliowing Terms and Conditions.
Buyer's order for any item
described in its document, when
communicated to Parker Hannifin
Corporation, its subsidiary, or an
authorized distributor (‘Seller)
verbally or in writing, shall
constitute acceptance of this offer.

1. Terms and Conditions of
Sale

All descriptions, quotations,
proposals, offers,
acknowledgements, acceptances,
and sales of Seller's products are
subject to and shall be governed
exclusively by the terms and
conditions stated herein. Buyer's
acceptance of any offer to sell is
limited to these terms and
conditions. Any terms or conditions
in addition to, or inconsistent with
those stated herein, proposed by
Buyer in any acceptance of any
offer by Seller, are hereby objected
to. No such additional, different or
inconsistent terms and conditions
shall become part of the contract
between Buyer and Selier unless
expressly accepted in writing by
Seller. Seller's acceptance of any
offer to purchase by Buyer is
expressly conditional upon Buyer's
assent to all the terms and
conditions stated herein, including
any terms in addition to, or
inconsistent with those contained in
Buyer's offer. Acceptance of
Seller's products shall in all events
constitute such assent.

2. Payment

Payment shall be made by Buyer
net 30 days from the date of
delivery of the tems purchased
hereunder. Amounts not timely paid
shall bear interest at the rate of 1-
1/2% for each month or a portion
thereof that Buyer is late in making
payment. Any claims by Buyer for
omissions or shortages in a

shipment shall be waived unless
Seller receives notice thereof within
30 days after Buyer's receipt of the
shipment.

3. Delivery

Unless otherwise provided on the
tace hereof, delivery shall be made
F.O.B.Seller's plant. Regardiess of
the method of delivery, however,
risk of loss shall pass to Buyer
upon Seller's delivery to a carrier.
Any delivery dates shown are
approximate only and Seller shall
have no liabifity for any delays in
delivery.

4. Warranty

Seller warrants that the items soid
hereunder shall be free from
defects in material or workmanship
for a period of 365 days from the
date of shipment to Buyer. THIS
WARRANTY COMPRISES THE
SOLE AND ENTIRE WARRANTY
PERTAINING TO ITEMS
PROVIDED HEREUNDER. SELLER
MAKES NO OTHER WARRANTY,
GUARANTEE, OR
REPRESENTATION OF ANY KIND
WHATSOEVER. ALL OTHER
WARRANTIES, INCLUDING BUT
NOT LIMITED TO,
MERCHANTABILITY AND FITNESS
FOR PURPOSE, WHETHER
EXPRESS, IMPLIED, OR ARISING
BY OPERATION OF LAW, TRADE
USAGE, OR COURSE OF DEALING
ARE HEREBY DiSCLAIMED.
NOTWITHSTANDING THE
FOREGOING, THERE ARE NO
WARRANTIES WHATSOEVER ON
ITEMS BUILT OR ACQUIRED
WHOLLY OR PARTIALLY, TO
BUYER'S DESIGNS OR
SPECIFICATIONS.

§. Limitation of Remedy
SELLER'S LIABILITY ARISING
FROM OR IN ANY WAY
CONNECTED WITH THE ITEMS
SOLD OR THIS CONTRACT SHALL
BE LIMITED EXCLUSIVELY TO
REPAIR OR REPLACEMENT OF
THE ITEMS SOLD OR REFUND OF
THE PURCHASE PRICE PAID BY
BUYER, AT SELLER'S SOLE
OPTION. IN NO EVENT SHALL
SELLER 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
THIS AGREEMENT OR ITEMS
SOLD HEREUNDER, WHETHER
ALLEGED TO ARISE FROM
BREACH OF CONTRACT,
EXPRESS OR IMPLIED
WARRANTY, OR IN TORT,
INCLUDING WITHOUT
LIMITATION, NEGLIGENCE,
FAILURE TO WARN, OR STRICT
LIABILITY.

6. Changes, Reschedules
and Cancellations

Buyer may request to modity the
designs or specifications from the
items sold hereunder as well as the
quantities and delivery dates
thereof, or may request to cancel all
or part of this order, however, no
such requested modification or
cancellation shall become part of
the contract between Buyer and
Seller unless accepted by Seller in
a written amendment to this
Agreement. Acceptance of any
such requested modification or
cancellation shall be at Seller's
discretion, and shall be upon such
tems and conditions as Seller may
require.

7. Special Tooling

A tooling charge may be imposed
for any special tooling, including
without limitation, dies, fixtures,
molds and patterns, acquired to
manutacture items sold pursuant to
this contract. Such special tooling
shall be and remain Seller's
property notwithstanding payment
of any charges therefore by Buyer.
in no event will Buyer acquire any
interest in apparatus belonging to
Seller which is utilized in the
manufacture of the items soid
hereunder, even if such apparatus
has been specially converted or
adapted for such manufacture and
notwithstanding any charges paid
by Buyer therefor. Unless
otherwise agreed, Seller shall have
the right to aker, discard or
otherwise dispose of any special
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tooling or other property in its sole
discretion at any time.

8. Buyers Property

Any designs, tools, patterns,
materials, drawings, confidential
information, or equipment furnished
by Buyer or any other items which
become Buyer's property, may be
considered obsolete and may be
destroyed by Seller after two (2)
consecutive years have elapsed
without Buyer placing an order for
the items which are manufactured
using such property. Seller shall
not be responsible for any loss or
damage 1o such property while it is
in Seller's possession or control.

8. Taxes

Unless otherwise indicated on the
face hereof, all prices and changes
are exclusive of excise, sales, use,
property, occupational or like taxes
which may be imposed by any
taxing authority upon the
manufacture, sale, or delivery of
the terms sold hereunder. Hf any
such taxes must be paid by Seller
or if Seller is liable for the collection
of such tax, the amount thereof
shall be in addition to the amount for
the items soid. Buyer agrees to pay
all such taxes or to reimburse Seller
therefore upon receipt of its
invoice. If Buyer claims exemption
from any sales, use, or other tax
imposed by any taxing authority,
Buyer shall save Seller harmiess
from and against any such tax,
fogether with any interest or
penalties thereon which may be
assessed if the items are held to be
taxable.

10. Indemnity for
Infringement of Intellectual
Property Rights

Seller shall have no liability for
infringement of any patents,
trademarks, copyrights, trade
dress, trade secrets, or similar
rights except as provided in the
Part 10. Seller will defend and
indemnify Buyer against allegations
of infringement of US patents, US
trademarks, copyrights, trade
dress, and trade secrets
(hereinafier 'Inteliectual Property
Rights'). Seller will defend at its
expense and will pay the cost of
any settlement or damages
awarded in any action brought
against Buyer based on an

allegation that an item sold
pursuant to this contract infringes
the Inteliectual Property Rights of a
third party. Seller's obligation to
defend and indemnity Buyer is
contingent on Buyer notifying Seller
within ten (10) days after Buyer
becomes aware of such allegations
of infringement, and Seller having
sole control over the defense of any
allegations or actions including all
negotiations for settiement or
compromise. i an item sold
hereunder is subject to a claim that
it infringes the Intellectual Property
Rights of a third party, Seller may,
at his sole expense and option,
procure for Buyer the right to
continue using said item, replace or
modify said item so as to make it
non-infringing, or offer to accept
return of said item and return the
purchase price less a reasonable
allowance for depreciation.
Notwithstanding the foregoing,
Seller shall have no liability for
claims of infringement based on
information provided by Buyer, or
directed to tems delivered
hereunder for which the designs are
specified in whole or part by Buyer,
or infringements resulting from the
modffication, combination, or use in
a system of any item sold
hereunder. The foregoing
provisions of this Part 10 shall
constitute Seller's sole and
exclusive liability and Buyer's sole
and exclusive remedy for
infringement of Intellectual Property
Rights.

if a claim is based on

information provided by Buyer or if
the design for an item delivered
hereunder is specified in whole or in
part by Buyer, Buyer shall defend
and indemnity Seller for all costs,
expenses, or judgments resulting
from any claim that such item
infringes any patent, trademark,
copyright, trade dress, trade
secret, or any similar right.

11. Force Majeure

Seller does not assume the risk of
and shall not be liable for delay or
failure to perform any of Seller's
obligations by reason of
circumstances beyond the
reasonable control of Seller
(hereinafter 'Events of Force
Majeure’). Events of Force Majeure
shall include without limitation,
accidents, acts of God, strikes or

labor disputes, acts, laws, rules or
regulations of any government or
government agency, fires, floods,
delays or failures in delivery of
carriers or suppliers, shortages of
materials, and any other cause
beyond Seller's control.

12. Entire Agreement
/Governing Law

The terms and conditions set forth
herein, together with any
amendments, moditications, and
any different terms or conditions
expressly accepted by Seller in
writing, shall constitute the entire
Agreement concerning the items
sold, and there are no oral or other
representations or agreements
which pertain thereto. This
Agreement shall be governed in alt
respects by the law of the State of
Ohio. No actions arising out of the
sale of the items sold hereunder of
this Agreement may be brought by
either party more than two (2) years
after the cause of action accrues.
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Glossary

Absolute Positioning

Refers to a motion control system
employing position feedback devices
(absolute encoders) to maintain a given
mechanical location.

Absolute Programming

A positioning coordinate reference
wherein all positions are specified
relative to some reference, or “home”
position. This is different from
incremental programming, where
distances are specified relative to the
current position.

Acceleration

The change in velocity as a function of
time. Acceleration usually refers to
increasing velocity and deceleration
describes decreasing velocity.

Accuracy

A measure of the difference between
expected position and actual position of
a motor or mechanical system. Motor
accuracy is usually specified as an
angle representing the maximum
deviation from expected position.

Address

Multiple devices, each with a separate
address or unit number, can be
controlled on the same bus, . The
address allows the host to communicate
individually to each device.

Ambient Temperature

The temperature of the cooling medium,
usually air, immediately surrounding the
motor or another device.

ASCIl

American Standard Code for Information
Interchange. This code assigns a
number to sach numeral and letter of the
alphabet. In this manner, information
can be transmitted between machines
as a series of binary numbers.

Bandwidth

The frequency range in which the
magnitude of the system gain expressed
in dB is greater than -3 dB.

Baud Rate

The number of bits transmitted per
second. Typical rates include 300,
600,1200, 2400, 4800, 9600, 19,200.
This means at 9600 baud, one character
can be sent nearly every millisecond.

BCD

Binary Coded Decimal is an encoding
technique used to describe the numbers
0 through 9 with four digital (on or off)
signal lines. Popular in machine tool
equipment, BCD interfaces are now
giving way to interfaces requiring fewer
wires—such as RS-232C.

Bit
Abbreviation of Binary Digit, the smallest
unit of memory equal to 1 or 0.

Block Diagram

A simplified schematic representing
components and signal flow through a
system.

Break Frequency

Frequency(ies) at which the gain
changes slope on a Bode plot. (Break
frequencies cormrespond to the poles and
zeroes of the system.)

Byte

A group of 8 bits treated as a whole, with
256 possible combinations of ones and
zeros, each combination representing a
unique piece of information.

Closed Loop

A broadly applied term relating to any
system where the output is measured
and compared to the input. The outputis
then adjusted to reach the desired
condition. In motion control, the term is
used to describe a system wherein a
velocity or position (or both) transducer
is used to generate carrection signals by
comparison to desired parameters.

Critical Damping

A system is critically damped when the
response to a step change in desired
velocity or position is achieved in the
minimum passible time with little or no
overshoot.

Crossover Frequency

The frequency at which the gain
intercepts the 0 dB point on a Bode Plot.
(Used in reference to the open-ioop gain
plot.)

Daisy-Chain

A term used to describe the linking of
several RS-232C devices in sequence
such that a single data stream flows
through one device and on to the next.
Daisy-chained devices usually are
distinguished by device addresses,
which serve to indicate the desired
destination for data in the stream.

Damping

An indication of the rate of decay of a
signal to its steady state value. Related
to settling time.

Damping Ratlo

Ratio of actual damping to critical
damping. Less than oneis an
underdamped system and greater than
one is an overdamped system.

Data Bits

Since the ASCIi character set consists
of 128 characters, computers may
transmit only seven bits of data.

However, most computers support an
eight bit extended ASCII character set.

DCE

Data Communications Equipment
transmits on pin three and receives on
pin two.

Dead Band
A range of input signals for which there
is no system response.

Decibel

A logarithmic measurement of gain. If G
is a system gain (ratio of output to
input), then 20 log G equals gain in
decibels (dB).

Detent Torque

The minimal torque presentin an
unenergized motor. The detent torque of
a Compumotor or step motor is typically
about one percent of its static energized
torque.

DTE

Data Communications Equipment
transmits on pin two and receives on pin
three.

Duty Cycle

For a repetitive cycle, the ratio of on time
to total cycle time.

Duty Cycle = On Time +

On Time + Off Time

Efficiency
The ratio of power output to power input.

Encoder

A device which translates mechanical
motion into electronic signals used for
monitoring position ar velocity.

Friction

A resistance to motion caused by
surfaces rubbing together. Friction can
be constant with varying speed
{Coulomb friction) or proportional to
speed (viscous friction).

Full Duplex
The terminal will display only received or
echoed characters.

Gain
The ratio of system output signal to
system input signal.

Half Duplex

In half duplex mode, a terminal will
display every character transmitted. It
may also display the received character.

Hand Shaking Signals
RST: Request To Send
CTS: Clear To Send

DSR: Data Set Ready

DTR: Data Terminal Ready
iDB: Input Data Buffer
ODB: Output Data Buffer
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Holding Torque

Sometimes called static torque, it
specifies the maximum external force or
torque that can be applied to a stopped,
energized motor without causing the
rotor to rotate continuously.

Home

A reference position in a motion control
system, usually derived from a
mechanical datum. Often designated as
the "zero" position.

Hysteresis

The difference in response of a system
1o an increasing or a decreasing input
signal.

IEEE-488

A digital data communications standard
popular in instrumentation electronics.
This parallei interface is also known as

GPIB, or General Purpose interface
Bus.

Incremental Motion

A motion control term that is used to
describe a device that produces one
step of motion for each step command
(usually a pulse) received.

Incremental Programming

A coordinated system where position or
distances are specified relative to the
current position.

Inertia

A measure of an object's resistance to a
change in velocity. The larger an
object's inertia, the larger the torque that
is required to accelerate or decelerate it.
Inertia is a function of an object’s mass
and its shape.

Inertial Match

For most efficient operation, the system
coupling ratio shouid be selected so that
the reflected inertia of the load is equal
to the rotor inertia of the motor.

Lead Compensation Algorithm
A mathematical equation implemented
by a computer to decrease the delay
between the input and output of a
system.

Limits

Properly designed motion control
systems have sensors called limits that
alert the control electronics that the
physical end of travel is being
approached and that motion should
stop.

Logic Ground

An electrical potential to which all control
signals in a particular system are
referenced.

Microstepping

An electronic control technique that
proportions the current in a step motor's
windings to provide additional
intermediate positions between poles.
Produces smooth rotation over a wide

speed range and high positional
resolution.

Null Modem

A simple device or set of connectors
which switches the receive and transmit
lines of a three wire RS-232C connector.

Open Collector

A term used to describe a signal output
that is performed with a transistor. An
open collector output acts like a switch
closure with one end of the switch at
ground potential and the other end of the
switch accessible.

Open Loop

Refers to a motion control system where
no external sensors are used to provide
position or velocity correction signals.

Opto-isolated

A method of sending a signal from one
piece of equipment to another without
the usual requirement of common ground
potentials. The signal is transmitted
optically with a light source (usually a
Light Emitting Diode) and a light sensor
(usually a photosensitive transistor).
These optical components provide
electrical isolation.

Parallel

Refers to a data communication format
wherein many signal lines are used to
communicate more than one piece of
data at the same time.

Parity

An RS-232C error detection scheme
which can detect an odd number of
transmission errors.

Phase Angle

The angle at which the steady state
input signal to a system leads the output
signal.

Phase Margin

The difference between 180 degrees and
the phase angle of a system at its
crossover frequency.

Pole
A frequency at which the transfer
function of a system goes to infinity.

Puise Rate

The frequency of the step pulses applied
to a motor driver. The pulse rate
multiplied by the resolution of the
motor/drive combination (in steps per
revolution) yields the rotational speed in
revolutions per second.

Ramping

The acceleration and deceleration of a
motor. May also refer to the change in
frequency of the applied step pulse
train.

Rated Torque

The torque producing capacity of a
motor at a given speed. This is the
maximum torque the motor can deliver to

a load and is usually specified with a
torque/speed curve.

Relative Accuracy

Also referred to as Step to Step
Accuracy, this specification tells how
microsteps can change in size. Ina
perfect system, microsteps would all be
exactly the same size, but drive
characteristics and the absolute
accuracy of the motor cause the steps
to expand and contract by an amount up
to the relative accuracy figure. The error
in not cumulative.

Repeatability

The degree to which the positioning
accuracy for a given move performed
repetitively can be duplicated.

Resolution

The smallest positioning increment that
can be achieved. Frequently defined as
the number of steps required for a
motor's shaft to rotate one complete
revolution.

Ringing
Oscillation of a system following a
sudden change in state.

RMS Torque

For an intermittent duty cycle
application, the RMS Torque is equal to
the steady state torque which would
produce the same amount of motor
heating over long periods of time.

Where:
T = Torque during intervali
t = Time of interval i
RS-232C

A data communications standard that
encodes a string of information on a
single line in a time sequential format.
The standard specifies the proper
voltage and timing requirements so that
different manufacturers' devices are
compatible.

Slew
In motion control, the portion of a move
made at a constant non-zero velocity.

Speed

Used to describe the linear or rotational
velocity of a motor or other object in
motion.

Start Bits

RS-232C character transmissions begin
with a bit which signals the receiver that
data is now being transmitted.

Static Torque
The maximum torque available at zero
speed.

Step Angle
The angle the shaft rotates upon receipt
of a single step command.

Stiffness
The ability to resist movement induced
by an applied torque. Is often specified
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as a torque displacement curve,
indicating the amount a motor shaft will
rotate upon application of a known
external force when stopped.

Stop Bits

When using RS-232C, one or two bits are
added to every character to signal the
end of a character.

Synchonism

A motor rotating at a speed correctly
corresponding to the applied step pulse
frequency is said to be in synchronism.
Load torques in excess of the motor's
capacity (rated torque) will cause a loss
of synchronism. This condition is not
damaging to a step motor.

Text/Echo (Offt/On)

This setup allows received characters to
be re-transmitted back to the original
sending device. Echoing characters
can be used to verify or “close the loop”
on a transmission.

Torque
Force tending to produce rotation.

Torque-to Inertia Ratio

Defined as a motor's holding torque
divided by the inertia of its rotor. The
higher the ratio, the higher a motor's
maximum acceleration capability will be.

Transfer Function
A mathematical means of expressing the
output to input relationship of a system.

TTL

Transistor-Transistor Logic. Describes
a common digital logic device family that
is used in most modern digital
electronics. TTL signals have two
distinct states that are described with a
voltage—a logical "zero" or "low" is
represented by a voltage of less than
0.8 volts and a logical "one” or “high” is
represented by a voltage from 25t0 5
volts.

XON/XOFF

Two ASCII characters supported in
some serial communication programs. If
supported, the receiving device
transmits an XOFF character to the host
when its character buffer is full. The
XOFF character directs the host to stop
transmitting characters to the device.
Once the buffer empties the device will
transmit an XON character to signal the
host to resume transmission.

Zero

A frequency at which the transfer
function of a system goes to zero.
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ABSOLUTE MODE 65

ABSOLUTE POSITION COUNTER 26
ABSOLUTE POSITIONING MODE 38
ACCELERATION RANGE 107
ACCELERATION TIME 34

ADDRESS LOCATIONS 9
ADDRESSES 10

ALGORITHMS 45

ALTERNATING MODE 37
ANALYTIC APPROACH 33, 34
ANGULAR POSITION 33

ANGULAR VELOCITY 31, 32
AUXILIARY CONNECTOR 15, 21, 22

BACKLASH 51, 62

BASE ADDRESS 9, 40

BASIC 1, 23, 42

BENCH TEST 3

BINARY DATA 45

BLOCK DIAGRAM 2

BOARD ADDRESS 12

BOARD GUIDE 4, 5

BOARD MONITOR ALARM 6, 23, 47
BUFFERED COMMANDS 37

C42

CALCULATED PARAMETERS 35
CHANNEL A 15

CHANNEL B 15

CHANNEL Z 15
CLOSED-LOOP 1
CLOSED-LOOP HOMING 27
COMMAND STRINGS 45
COMPLEX PROFILES 31
COMPLEX SEQUENCES 1
CONTINUOUS MODE 33, 36
CONTROL BYTE 23, 40
CONTROL PROGRAM 40
CONTROL REGISTER BITS 40
CONVENTIONS VI

COVER BRACKET 6

DATA BUFFER 23

DEFAULT ADDRESS 10
DEMONSTRATION DISKETTE 23
DEVELOPING YOUR APPLICATION V
DIFFERENTIAL QUTPUT 13

DIP SWITCHES 4, 9, 10

DISTANCE 37

DRIVE FAULT 41

EDGE CONNECTOR 5

ENCODER CONNECTION 14
ENCODER FEEDBACK 14

ENCODER INTERFACE 2

ENCODER MODE 21

ENCODER MOUNTING BRACKET 14
ENCODER OQUTPUTS 15

ENCODER RESOLUTION 16, 26
ENCODER RESOLUTIONS 51
ENCODER STEPS 33, 50, 63, 66
END-OF-TRAVEL 1
ENVIRONMENTAL SPECIFICATIONS 9
ESTABLISH COMMUNICATIONS 9
EXPERIMENTAL APPROACH 33, 35
EXTERNAL ENCODER FEEDBACK 31
EXTERNAL POWER SUPPLY 17

FUNCTIONAL TEST (HARDWARE) 4
GND 15
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HALL EFFECT 18

HANDSHAKING 46
HANDSHAKING ROUTINES 2
HARDWARE INTERRUPT 23
HARDWARE INTERRUPT LATCH 41
HOME ENABLE INPUT 21

HOME OUTPUT 15

HOME POSITION 38

HOME POSITION SENSOR 17, 21
HOMING FUNCTION 27

HOST INTERRUPT JUMPERS 23

Vo9

1O ADDRESS 10

/1O BUS 23, 39

1/0 CHANNEL 1

IBMPC 1,2,9, 14,23, 46
INCREMENTAL ENCODER 2, 12, 15
INCREMENTAL MODE 65
INCREMENTAL OPTICAL ENCODER 1
INCREMENTAL VS. ABSOLUTE POSITIONING 38
INDEXER COMMANDS 23

INDEXING MODES 36

INPUT DATA BUFFER 40, 41
INSTALLATION 9

INTERRUPT COMMANDS 55
INTERRUPT SIGNAL 54

INTERRUPT VECTOR 55

JUMPER 54
JUMPER FUNCTIONS 12, 18

LEADSCREW DRIVES 2
LEVEL-SENSITIVE TRIGGER BIT 22
LIMIT SWITCH 17, 38

LIMIT SWITCH INPUTS 17

LIMIT SWITCHES 7

LINEAR ENCODERS 16

LOAD INERTIA 61

MAXIMUM ACCELERATION 34
MAXIMUM VELOCITY 34
MECHANICAL LIMIT SWITCH 18
MECHANICAL TRANSMISSION 14
MODE NORMAL 36
MODE POSITION ABSOLUTE 39
MODE POSITION INCREMENTAL 38
MOTION PARAMETERS 33
MOTION PROFILE 31
TRAPEZOIDAL PROFILE 32
TRIANGULAR PROFILE 32
MOTOR CABLE 7
MOTOR RESOLUTION 6, 33, 108
MOTOR STEPS 33, 50, 63, 66
MOTOR-MOUNTED ROTARY ENCODERS 16
MOTOR/DRIVE 1, 13
MOTOR/DRIVE CABLE 6
MOVE PARAMETERS 37
MULTI-AXIS STOP 52
MULTIPLE MOVE SEQUENCES 1
MULTIPLE-AXIS COORDINATION 31

OPEN COLLECTOR 13, 15
OPEN-LOOP CONTROL SYSTEMS 2
OPEN-LOOP HOMING 27

OPTICAL ENCODER 22

OPTICAL INTERRUPTER 17
OSCILLOSCOPE 48

OUTPUT DATA BUFFER 41
OUTPUT DATA REGISTER 23
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OUTPUT DRIVER 13

PASCAL 1,42

PC21 REGISTER 40

PC21 SOFTWARE 35

POSITION MAINTENANCE 41, 50, 67
POSITION RANGE 107

POSITION REPORT 39

POSITION TRACKING 1, 2, 14, 15, 50
POSITION ZERO 38

POSITIONING ACCURACY 34
PRESET MODE 36

PROGRAM IN PASCAL 45
PROGRAMMABLE INPUTS 2
PROGRAMMABLE OUTPUT 22
PROGRAMMABLE OUTPUT BIT 17
PROGRAMMING 39

PULSE RATE 48

PULSE WIDTH6, 47

READING AND WRITING 43
REGISTERS 40

REPAIRS 113

REPEATABILITY 38

ROTARY ENCODER 16

ROTARY MOTORS 31, 37

S-CURVE 35

SCALE FACTORS 38
SELF-CHECK 4

SERIAL NUMBER 113

SET DIRECTION 38

SET LOAD 41

SET MODE TO ABSOLUTE 37
SHUTDOWN 22

SIGNAL POLARITY 26

SINE WAVE 15

SIZING GUIDELINES 33
SOFTWARE RESET PROCEDURE 47
SPARE PARTS 111
SPRING-LOADED ACTUATOR 20
STALL DETECTION 62

STALL DETECTOR 14

STATUS BYTE 23, 40

STATUS REGISTER 48

STEP INPUT CIRCUIT 13

STEP TRANSLATOR 1
STREAMING MODE 53
STREAMING MODE OQUTPUT CONTROL 54
SUPPORT DISK 42, 46

SWITCH OUTPUT POLARITY 20
SYSTEM WIRING DIAGRAM 3

TERMINAL EMULATION 24

TEST OPEN LOOP HOMING 28

THE HOME POSITION SENSOR 21
TRANSMISSION CHARACTERISTICS 33
TRIGGER INPUTS 17, 21

TRIGGER STATUS 98

TRIGGERS 97

TTLOUTPUT 15

TTL-COMPATIBLE ENCODER 1

UPGRADES 113
USER-DEFINED OUTPUT 1
UTILITY COMMANDS 24

VANE-ACTIVATED MAGNETIC SWITCH 18, 20
VANE-ACTIVATED OPTICAL INTERRUPTER 20
VANE-ACTIVATED OPTICAL SWITCH 18
VELOCITY 31

VELOCITY RANGE 48, 107

WATCHDOG TIMER 40
X SERIES IV
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