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User Guide Change Summary

The following is a summary of the primary changes to this user guide
since the last version was released. This user guide, version 88-007015-
03E, supersedes version 88-007015-03D.

The entire user guide has been changed according to the new Compumotor
user guide styles and illustration standards. Also, the chapters have been
renumbered and reorganized.

The following commands have been added to Chapter 5, Software
Reference.

DB — Dead Band

bwW— Set Dead Band Window

DPA —Display Position Actual

MR — Motor Resolutions (changes to allow for Dynaserv)
0,D — Output on the Fly

SA — Stop All Commands
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How To Use This User Guide

Assumptions

Chapter 1:
Introduction

Chapter 2:

Getting Started
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Application
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Software
Reference

Chapter 6:
Hardware
Reference

Chapter 7:

Troubleshooting

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

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

Q IBM (or IBM-compatible) computer experience

Q Basic electronics concepts (voltage, switches, current, etc.)

O Working knowledge of at least one computer language (Basic, C, Pascal,
assembly, etc.)

Q Basic motion control concepts (torque, inertia, velocity, acceleration,
distance, etc.)

With this basic level of understanding, you will be able to effectively use
this user guide to install, develop, and maintain your system.

Contents of This User Guide

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 detailed list of items you should have received
with your PC23 Indexer shipment. It will help you to become familiar
with the system and ensure that each component functions properly. You
will learn how to configure the system properly in this chapter.

This chapter provides instructions for you to 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 provides an alphabetical listing of all commands, with a syntax
and command description for each command. It also describes system
parameters that affect command usage.

This chapter contains information on system specifications (dimensions
and performance). This chapter may be used as a quick-reference tool for
proper switch and jumper settings and I/0 connections.

This chapter describes Compumotor's recommended systern maintenance
and troubleshooting procedures. It also provides methods for isolating
and resolving hardware and software problems.

Installation Process Overview

To ensure trouble-free operation, you should pay special attention to the
following:

O The environment in which the PC23 will operate
QO The system layout and mounting

PC23 Indexer User Guide
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Q The wiring and grounding practices used

These recommendations are intended to help you easily and safely
integrate the PC23 system into your manufacturing facility. Industrial
environments often contain conditions that may adversely affect solid
state equipment. Electrical noise or atmospheric contamination may also

affect the PC23.

Installation Recommendations

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

Review this entire manual. Become familiar with the manual’s contents so
that you can quickly find the information you need.

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

Complete the basic system conflguration and wiring instructions provided in
Chapter 2, Getting Started. This is a bench test tntended to be performed in a
bench-top environment.

@ Perform as many basic moves and functions as you can with the preliminary
configuration. You can perform this task only if you have reviewed the entire
manual. You should try to simulate the task(s) that you expect to perform
when you permanently install your system. 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.
Proceed in a linear manner; 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 any potential
system difficulties before they affect your system's operation.

Developing Your Application

Conventions

Before you attempt to develop and implement your application, you should
consider the following:

Q Recognize and clarify the requirements of your application. Clearly define
what you expect the system to do.

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

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

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

Warnings & Cautions

Warning and caution notes alert you to possible dangers that may occur if
you do not follow instructions correctly. Situations that may cause bodily
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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.

Related Publications

The following publications may be helpful resources:

Q Parker Compumotor Programmable Motion Control Catalog

0O Seyer, Martin. RS-232C Made Easy: Connecting Computers, Printers,
Terminals and Modems. Englewood Cliffs, New Jersey: Prentice Hall, Inc.,
1984

0 Operations user guide for the IBM or IBM-compatible computerthat you will
use with the PC23 Indexer

0O Schram, Peter (editor). The National Electric Code Handbook (Third Edition).
Quincy, MA: National Fire Protection Association
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C H A P T E R CD

Introduction

Chapter Objective

The information in this chapter will enable you to understand the PC23's
basic functions and features.

Product Description

The Compumotor PC23 is a microprocessor-based indexer that is designed
to be inserted into an IBM Personal Computer (PC, XT, or AT) or
compatible. The PC23 is not compatible with PS2 Models 50, 60, or 80.
Manufactured as a single board, the PC23 is designed to be inserted into a
single open slot in the computer expansion bus or I/O channel. A separate
adaptor box is included to provide an interface to the external motor
drivers, limit switches, analog joystick, trigger inputs, programmable
outputs, and incremental encoders.

The PC23 will control up to three axes of any size Compumotor
motor/drive system, most 200/400 step translator and stepper motor
combinations, and other drive systems that accept pulsed control signals.

The PC23 uses a 16-bit processor with custom circuits to simplify
generation of motion profiles and shorten processing time.

Product Features
The PC23 provides the following features:

O Three axes of motion control
O Two-axis analog joystick input

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

Compatible with all Compumotor drives
Compatible with Compumotor GCI software
May be programmed to interrupt the host processor

1,000-character buffer per axis permits downloading of multiple move
sequences per axis

Supplied software support disks provide user utility programs, set-up and test
routines, and help information

Oo0oo0o

o

o

Supports motor/drive resolutions up to 50,000 steps/rev
Q Closed-loop control with an incremental encoder
@ Introduction 1
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User-defined trigger inputs (6) and outputs (6)
All inputs and outputs are optically isolated
CW and CCW end-of- travel limits and Home limit provided for all three axes

User control of pulse source provides for complex move profiles
O Time distance streaming for arbitrary contours

(W Sy u Ry =]

Theory of Operation

The PC23 receives acceleration, velocity, and position information (in an
ASCII format) from your computer. In turn, the PC23 uses that
information to generate motion profile command signals for the three
axes. Move commands are then sent to the external 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, turning outputs on and off, and waiting for
trigger inputs. The following figure shows a block diagram illustrating the
system's functional processes.

With simple indexer commands, you can move any or all of the three axes
as follows:

QO Rotate to a precise position and stop

O Rotate at a constant velocity

0 Altermate back and forth between two angular positions
Q Use a sequential combination of the above moves

You can position two axes with a joystick by wiring a simple 5kQ
potentiometer joystick to the PC23. You can combine joystick control
with programming for easy hands-on manipulation.

You may use the PC23 in an open-loop system with no external position
feedback devices. To enhance the accuracy of position control you can use
an incremental encoder (closed-loop operation). The encoder, mounted
either on the load or on the motor, provides a feedback signal to the
indexer to indicate actual motor or load position. The encoder interface is
intended for applications where desired positional accuracy exceeds the
accuracy of the mechanical system components (such as a leadscrew on an
X-Y table).

Incremental Encoder Pulses (position feedback)

Y .

2
a
25 Step Pulses
+

8 .

Joystick Input
JOYSTICK
2 PC23 Indexer User Guide
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Chapter Objectives

Getting Started

Q
What You Should

The information in this chapter will enable you to do the following:
Q Verify that your system arrived without damage
0O Become familiar with system components and their interrelationships
0 Establish the basic system configuration

Ensure that each component functions properly

Have

Bench Test

Upon receipt, you should inspect your PC23 Indexer shipment for obvious
damage to its shipping container. Report any damage to the shipping
company as soon as possible. Parker Compumotor cannot be held
responsible for damage incurred in shipment. The items listed in the
following table should be present and in good condition.

Description Part Number
PC23 PCA card 71-006085-02
Adaptor box w/cable assembly 71-006457-02
PC23 User Guide 88-007015-03
Software support disk #1 95 -011353-01
Software support disk #2 95 -011354-01
25-pin drive cable assemblies (3) 71-007566-10
PC23 card guide 58-004144-01
PCA harness clamp 53-006886-01
Adaptor box mounting brackets (2) 53-006007-01
#4 machine screws (2) 51-006021-01
#6 machine screws (4) 51-006037-01
25-Pin connector plug (3) 43-001989-01
25-Pin connector shell (3) 43-001990-01

This section provides bench test procedures for the PC23 Indexer system.
The following figure illustrates the temporary bench test configuration.
Use the same computer that you will use in the final system
configuration discussed in Chapter 3, Installation. For test purposes,
connection of the encoder and the auxiliary switches is not required.

@ Getting Started 3
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PC23 Indexer Card Motors

User-supplied\ | +5VDC

IBM PC Computer Power Supply

To complete the Bench Test, you will need the following tools and
additional items (not provided with the PC23 ship kit):

IBM computer
Small standard screw driver

Needle-nose pliers
5VDC external power supply
O  Wire (to connect external 5VDC power to the adaptor box)

| I iy iy &)

@® Set the Address

4

For the computer to control the PC23, it must know where to write
instructions and read responses. This requires that the PC23 have an
address.

The address is set using the 8-position DIP switch located on the PC23
indexer card. This package consists of eight switches representing a
binary number. Only two of the four address locations are significant: one
for control and one for data. Input and output operations use the same
address. The address may be set to any number that the PC will recognize
as valid.

Jumper JU13
{Remove 10 enable selt test)

DIP Switch Close-u

Illlllﬁa
glelejeis]aimm
8 3

e 2 ¢+ 3 5 !

PC23indexerSoard B——3

The DIP switches are negative true in that any switch in the position
marked ON has a binary value of zero. Switches that are OFF have a non-
zero binary value. The sum of the binary values of DIP switches 1 through
8 is the board's base address. The binary values assigned to each of the
eight DIP switches are listed in the table below.

Binary Value (OFF) Default

Switch # Address Decimal HEX Setting
1 9 512 200 OFF
2 8 256 100 OFF
3 7 128 80 ON
4 6 64 40 ON
5 5 32 20 ON
6 4 16 10 ON
7 3 8 8 ON
8 2 4 4 ON

The PC23 is shipped from the factory with switches 1 and 2 in the OFF
position, all others ON . The board address then is 256 + 512 = 768 (or

PC23 Indexer User Guide
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Box

100 + 200 = 300 hex). As such, the PC23 is configured to occupy I/0
address locations 300 hex through 303 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 default address is suitable for
testing and for general use if no other peripheral devices in the computer
are using the same address. This address does not conflict with typical
devices that reside on the I/0O bus, such as graphics adaptors, disk drives,
and serial cards. The PC23 occupies four address locations on the 1/0 bus.

@ Enable Self Test

Remove jumper JU13, located above the edge connector and near the top of
the PC23 PCA card. Removing this jumper enables you to initiate the self
test function. The self test will be used later in the system functional test.
You must re-install the jumper when testing is complete.

® Install the Indexer &
Connect the Adaptor

Use the following steps to install the PC23 PCA card into your computer:

®
@

)

Turn off the power to the computer.

Remove the computer’s cover to access the internal slots where peripheral
PCA cards are added.

Remove the sheet metal bracket that covers the external access slot. Save the
screws. On IBM and IBM-compatible computers, this will be at the rear
access panel where all external connections are made. This bracket will be
replaced by the bracket on the end of the PC23 PCA card.

Mount the supplied card guide in the computer to support the opposite end of
the PCA card. This guide snaps into the holes in the computer's chassis.

CAUTION

While handling the PCA card, be sure to observe proper grounding
techniques to prevent electro-static discharge (ESD).

®

Run the cable harness from the adaptor box through the slot in the
Computer's access panel and plug its four flat cables into the PCA card
connectors. Each cable connector is marked with a J designation (1 through
4) that matches a connector on the PC23 PCA card.

CAUTION

Be sure to align the adaptor connectors properly over the pins on the PCA
card connectors. Any misalignment can damage the cables and the PCA
card connectors.

®

Use the two (#4) machine screws supplied with the PC23 to attach the cable
hamess clamp to the mounting bracket. Install the bracket clamp so that the
two screws fit in its adjustment slots . Squeeze the cable harness tightly
against the mounting bracket and tighten the screws.

Insert the bottom corner of the PC23 board into the PCA card guide slot. Ease
the card and the bracket-end simultaneously down into the computer until the
PCA card edge connector reaches the mating connector at the bottom. Adjust
the PCA card until the edge connectors align and press it down into the
mating connector. Be careful not to disconnect the adaptor box cables.

Using the screw that secured the original access slot cover bracket, fasten the
PC23 mounting bracket and the adaptor box ground wire to the computer
chassis.

@ Getting Started 5
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@ Connect the Drive

6

The PC23 is shipped with its step and direction outputs configured as TTL-
compatible differential. If your system accepts only single-ended indexer
outputs, refer to Chapter 6, Hardware Reference, for procedures to change
the outputs from differential to single-ended.

The PC23 ship kit includes three pre-wired cables with 25-pin connectors.
Although the PC23's differential outputs are compatible with all
Compumotor drives, the attached connectors may not be compatible with
the drive's connector (e.g.. PK130). If you must remove the cable's drive-
end 25-pin connector to access the wires, refer to the following table for
wire color codes and functions. If custom wiring is called for, use 24 AWG

PC23 Indexer User Guide
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® Connect the

wire. The maximum recommended cable length is 50 feet. Shield your
custom cables with the shield connected to earth ground (pin 5).

Pin # Wire color Function

1 Red STEP +

2 Green DIRECTION +
5 - SHIELD

14 Black STEP -

15 White DIRECTION -
16 Blue SHUTDOWN +
17 White/Red SHUTDOWN -

Use the following procedure to connect the drive to the PC23 adaptor box:

® Set up your drive(s) and connect the motor(s) according to the set-up
instructions in your drive user guide.

® Turn off the power to the drive.

® Connect one end of the drive cable to the axis 1 MOTOR DRIVER connector
on the PC23 adaptor box. Connect the other end of the cable to the drive. If
you are using two or three drives, connect them in the same manner to the
axis 2 and axis 3 MOTOR DRIVER connectors.

+5VDC Power Supply

The output circuits for all adaptor box connectors require an external
+5VDC power supply. For the purpose of this bench test, the power supply
must have a current capacity of 0.75A. Supply regulation should not
exceed 10%.

Connect the power supply to any one of the three adaptor box AUXILIARY
connectors. Connect the power supply's positive terminal to pin 23, and
the negative terminal to pin 21.

13 - ™1

+5VDC

Power Supply

o ®sec00scocescco o o A"UXIUARY
Positive (+) Lead |- ®0g0g0s00000

14

Negative (-) Lead

Adaproraox

® Test the System

The successful completion of the steps in this test will verify that your
system connections are correct and that the system operates properly.
The PC23's default resolution is 25,000 steps/rev (1.0 us step pulse
width). If you are using a full or half-step drive (e.g., PK3), the self
test may not work.

1. Verify that the drive and motor connections are secure.
2. Verify that you have removed jumper JU13 on the indexer card.

3. [l the drive you are using is equipped with limits (e.g., Compumotor Plus), disable them
for this test.

4. Apply power to the drive(s) in accordance with the drive user guide. The motor(s) must
be free to rotate in either direction.

5. Apply power to the computer to initiate the self test.

it the PC23 detects a problem on power-up, it will turn on the fault LED
which is visible through the mounting bracket above the cable harness.
If the LED llluminates on power-up, switch off power and refer to
Chapter 7, Troubleshooting.
immediately after applying power, the motor(s) will rotate first in the clockwise (CW)
direction, and then in the counter-clockwise (CCW) direction. The distance and rate of
rotation depends on the motor’s resolution. Standard Compumotor 25,000 step/rev
motors will rotate 1 revolution at a rate of 0.2 revs/sec (25,000 steps at 5,000
steps/sec).

@ Getting Started 7
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After the test move is complete, the fault LED should illuminate. Also, after the test
move, the PC23 will not function until you cycle power to the computer.

Turn off power to the computer and replace jumper JU13 on the PC23 indexer
card. This disables the self-test routine.

Turn on power to the computer and insert PC23 support diskette #1 into the computer
disk drive.

At the A> prompt, type: PC23TERM.
Enter the device address (768), and answer Y (yes) to the reset question.

You should now be in the terminal emulation program and able to enter motion commands.
Enter the command sequence below. If you make a mistake whlle entering the
commands, do not backspace. Instead, re-type the command
sequence.

Command Description

1LD3 Disables limits for axis #1
1A10 Sets acceleration to 10 rps2

vl

Sets velocity to 1 rps

1D2502p Sets distance to 25,000 steps (1 rev @ 25,000 steps/rev)

1l¢

Go (execute the move)

The motor should rotate one clockwise revolution and stop.

11.
12.

13.

PC23 Indexer User Guide

Press the <F102>> key to exit the program.

After successfully completing the system test, remove power from all components
(including the computer) and disconnect the external +5VDC power supply and motor
driver from the adaptor box.

Proceed to Chapter 3, Installation. in Chapter 3, you will configure you system for
permanent operation
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Installation
Chapter Objectives

The information in this chapter will enable you to do the following:

Q Mount all system components properly

Q Connect all electrical system inputs and outputs properly

Q Verify (test) system connections and operability

Before you begin this chapter, you must complete all the steps and
instructions discussed in Chapter 2,

Installation Precautions

To help ensure personal safely and long life of system components, pay
special attention to the following installation precautions:

Q Always remove power to the computer before doing the following:
- Installing or removing the PC23 indexer board

- Connecting or disconnecting the cable harness

Q Always remove power to the computer and adaptor box before doing the
following:

- Connecting or disconnecting system components
- Changing the indexer or adaptor box jumpers

QO Make sure the indexer is operated in room temperatures between 32 and 122°F
(0 to 50°C) and at a relative humidity between 0 and 90% (non-condensing).

Installation Procedures

This section provides step-by-step procedures for adaptor box connections
and mounting, and system testing.

@® Mount the Adaptor Box

The adaptor box may be installed wherever it is convenient, within reach
of the supplied cable. Attach the two small brackets (supplied in the ship
kit) to both ends of the adaptor box for mounting it to a surface (refer to
the following figure).

@ Installation 9
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Mounting
Brackets

@ Connect the Motor Driver

Connect the drive to the adaptor box's MOTOR DRIVER connector as you
did in Chapter 2.

® Make Auxiliary Connections

There are three AUXILIARY connectors located on the adaptor box, one for
each axis. Refer to the table below for auxiliary connector pin
assignments. The following figure is a typical I/O wiring diagram for one

axis.

Pin # Axis #1 Axis #2 Axlis #3

1 Trigger #1 Input + Trigger #3 Input + Trigger #5 Input +

2 Trigger #2 Input + Trigger #4 input + Trigger #6 Input +

3 Home Enable Input + Home Enable Input + Home Enable Input +

4 CCW Limit Input + CCW Limit Input + CCW Limit Input +

5 CW Limit Input + CW Limit Input + CW Limit Input +

6 CCW Limit Return - CCW Limit Return - CCW Limit Return -

7 CW Limit Return - CW Limit Return - CW Limit Return -

8 NC NC NC

9-13 NC NC Joystick Connections

14 Trigger #1 Input Return - Trigger #3 Input Return - Trigger #5 Input Return -
15 Trigger #2 Input Return - Trigger #4 Input Return - Trigger #6 Input Return -
16 Home Enable Return - Home Enable Return - Home Enable Return -

17 NC NC NC

18 Programmable Output #2 Programmable Output #4 Programmable Output #6
19 DC Common DC Common DC Common

20 Programmable Output #1 Programmable Output #3 Programmable Output #5
21 DC Common DC Common DC Common

22 NC NC NC

23 Ext +5VDC Input (user-supplied)  Ext +5VDC Input (user-supplied)  Ext +5VDC Input (user-supplied)
24&25 NC NC NC
10 PC23 Indexer User Guide
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Auxlliary Connector
(on the adaptor box) %,

N.O. = Normally Open Switch
N.C. = Normally Ciosed Swiich

Programmable
Output
Connections

Input
Connections

@Home Enable
input

+5V

Jrigger 2 +
Trigger 1 +

Positive (+)
Lead

DC Common
POB 1
POB 2

CW Limit -

NC,

Each auxiliary connector has two programmable output bits (POBs) (the
previous table). Using the 0 command, you can instruct the PC23 to set
these outputs high or low in the course of executing commands. They are
used to signal external equipment, or turn process-related devices on and
off. These outputs can source 30mA, enough current to drive an optical
isolation circuit or solid state relay. Refer to Chapter 6, Hardware
Reference, for the output circuit configuration diagram.

Electrical noise is usually caused by voltage spikes, not current. Therefore,
cireuits designed ta use these outputs in a current mode (rather than voltage
signal mode) are less likely to experience electrical interference.

Auxiliary inputs include six trigger inputs, a home enable input, and end-
of-travel CW and CCW limit inputs (refer to the previous table). When an
encoder is not used, the CW, CCW, and home inputs provide the
only load position feedback to the PC23.

Each input has two terminals (+ and -) and is isolated from the other
input pairs. Refer to Chapter 6, Hardware Reference, for the input circuit
configuration diagram.

All inputs are current-driven optical isolators, not likely to suffer false
triggering due to electrical interference. Inputs may be directly driven by
voltage sources of 3.5V to 10V. Higher voltages will require the addition of a
current-limiting resistor wired in series. The value of this resistor may range
from 502 to 10042 per volt above 10V. For example, a 24V source calls for a
7004 to 1,4004 resistor wired in series with the tnput.

Use the Home Enable input to establish a home position and return to that
position when desired. The most common way to use this input is to
mount a normally-closed switch at a home reference position. Connect
the switch's positive lead to auxiliary connector pin 16, connect the
negative lead to the external power supply ground, and connect pin 3 to the
positive side of the external power supply. The home input polarity may
be reversed with the 0SC command.

@ Installation 11
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The home input is used for homing the motor in open-loop (FsB@) and
closed loop (FSB1) operations. In the closed-loop mode, the encoder's Z
channel pulse is used in conjunction with the home switch to determine
the home position. Both the open loop and closed loop homing functions
are described later in this chapter in the System Test section.

CAUTION

Compumotor cannot guarantes proper homing performance with the home
and end-of-travel limit inputs tled together.

wcwaccw The CCW and CW end-of-travel limit inputs serve as safety stops that
Limit Inputs Prevent the load from crashing into mechanical stops and damaging
equipment or injuring personnel.

As illustrated in the previous figure, connect pins 4 (CCW) and 5 (CW) to
the positive side of the external power supply. Connect the positive side of
the normally-closed switches to pins 6 (CCW) and 7 (CW), and connect the
negative side of the switches to the external power supply ground.

Mount the switches such that the load forces them to open before it
reaches the physical end-of-travel (leave enough room for the load to
stop). When the load opens the limit switch, the motor comes to a halt.
The motor will not be able to move in that same direction until the limit
is cleared (switch closes). The actual stopping distance depends on motor
speed and the Limit Acceleration (LA) setting.

CAUTION

Make sure the LA setting (deceleration rate) is increased when moving
heavy loads or operating at high speeds.

Use the LD command to disable or enable the limit inputs. Use the RA or
Is commands to check the status of the limit switches.

& Trigger Inputs There are two trigger inputs on each axis (total of six). Connect pin 1
(trigger A) and pin 2 (trigger B) to the positive side of the external power
supply. Connect the trigger switch's positive lead to pin 14 (trigger A
return) and pin 2 {trigger B return) and connect the switch's negative lead
to the external power supply ground.

The trigger switches can be normally-open (not grounded} or normally-

closed, depending on the TR command setting. The indexer can be
programmed to wait until one or more inputs switch to a desired state
{closed or open, 1 or 0).

@ Connect the Encoder (optional)

The 25-pin ENCODER connectors mate with the cables of the optional
Compumotor encoders available on microstepping motors. These encoders
use the same +5VDC external power supply as the rest of the adaptor
circuitry.

If you use an encoder other than one supplied by Compumotor, pay special
attention to the following requirements:

O It must be an incremental encoder with two-phase quadrature output. An
index or Z channel output is optional. Outputs may be differential or single-
ended.

Q It must be a 5V encoder to use the Adaptor power supply. Otherwise, it must
be separately powered, with TTL-compatible or open-collector outputs.

12 PC23 Indexer User Guide
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Q The decoded quadrature resolution must be less than the motor resolution by
a factor of four to take advantage of the PC23's position tracking capability.

Refer to the following table for ENCODER connector pin assignments. If
custom wiring is called for, use 24 AWG wire. The maximum recommended
cable length is 25 feet. Encoder cables should be shielded with the shield
connected to earth ground (pin 8). Refer to Chapter 6, Hardware Reference,
for a diagram of the circuit common to all encoder inputs.

o

in # Function
Quadrature Channel A+
Quadrature Channel A- (optional)
Quadrature Channel B+
Quadrature Channel B- (optional)
Channel Z+ (index)
Channel Z- (optional)
NC
Shield

-13 NC

14-20 Ground

21822 NC

23-25 +5VDC (250mA max), user supplied

QOO NDEBWN =

® Connect the External Power Supply

The output circuits for all adaptor box connectors require an external
+5VDC power supply. This power supply must have the current capacity to
drive the adaptor box circuitry, including any encoders plugged into the
ENCODER connectors. Supply regulation should not exceed 10%. See the
following table for power supply guidelines

Use Current Requirement
MOTOR DRIVERs only 0.75A

Plus AUXILIARY connections 1.0A

Plus ENCODERs . 1.5A to 2.0A

Connect the power supply to any one of the three adaptor box AUXILIARY
connectors. Connect the power supply's positive terminal to pin 23, and
the negative terminal to pin 21 (see example in Chapter 2, Getting Started).

® Connect the Joystick (optional)

The PC23 uses an 8-bit analog-to-digital (A/D) converter to accept analog
voltage input (generally from a potentiometer joystick) to control motor
velocity. Connect the joystick using pins 9 through 13 on the axis #3
AUXILIARY connector (see the following figure). Although you can use any
1k to 10k pot as a joystick reference, Compumotor recommends that you
use a 5k potentiometer to ensure good deflection linearity.

Axis ¥3
» Auxiliary Connector

Analog Ground (pin 9) No Connection
Channel 1__(pin 11) m
) Channel 3 (pin 13) No Connection

hannel @ (pin 10) 4 \%1-1Mmﬂomers
Channel 2 _(pin 12) ¢ )
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System Test

This section is provided to test for proper system connections and
operability. The recommended tests in this section can be performed on
all three axes. To conserve space, the command examples are tailored to
axis 1. To test the other axes, you must prefix each command with the
axis number.

In the bench test configuration, the end-of-travel limit function is
disabled in software (factory default), allowing testing without wiring
limit switches. If you are now testing the system with a motor connected
to a limited-travel mechanism, you must enable the imit function with
the LD@ command and connect limit switches to protect the mechanism.
The motors can be stalled indefinitely without damage to the drive.

Utility Commands
The utility commands below may be useful throughout this section while

testing your PC23.

Command Description

) 4 Halts the motor immediately. The immediate deceleration may cause
a loss of position. This Is a panic stop. This command takes
effect immediately after you issue it.

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

LD3 Disables the limit switch functions. It allows motor motion with no
limits connected.

~H Instructs the PC23 to backspace the cursor and delete the last
character you entered

PS Instructs the indexer to pause for a period of time that you specity.

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.

@ Enter the Terminal Emulation Mode

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:

® Insert PC23 support diskette #1 into the disk drive.
® At the A> prompt enter PC23TERM.
@ Enter device address 768 and answer ¥ (yes) to the reset question.

The PC23 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.

@ Test CW & CCW Limit Input Connections

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

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

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

14 PC23 Indexer User Guide
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@ Type 11s. If all other inputs are opened, the response should be 1:001110;
this means that both CW and CCW limits (represented by the 374 and 4 th
digits) are opened.

@ Close the CW limit switch.

@ Type 11s. Assuming all other inputs are open, the response to this
command should be 1:000110.

® Close the CCW limit switch.

® Type 11s. The response should be 1:000010.

@ To test the CW limit switch, enter the following string of commands:

Command Description

LD® Enables CW and CCW limits

NC Sets indexer to continuous mode

LA10 When limit is encountered motor decelerates at 10 rps2

AS Sets acceleration to 5 rps2

v2 Sets velocity to 2 rps

B+ Sets motor direction (+ = CW)

G Executes the move (GO)

The motor should move at a constant velocity.

® Open the CW limit switch. The motor should come to a stop at 10 rps2.
® To test the CCW limit switch, enter the following string of commands:

Command Description

MC Sets indexer to Continuous mode
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.

® Ope2n the CCW limit switch. The motor should come to a stop at 10
ps<.
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.

® Test Trigger Input Connections

The six 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 six trigger inputs.

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

® Type 17s. If all the trigger inputs are open (not grounded), the response
should be 1:000000.

@ Close the TRIG 1 input switch.

® Type 1Ts. The response should be 1:100000. This verifies that the TRIG 1
input is closed.

@ Installation 15
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Repeat steps 1 through 3 for each trigger input.
@ Enter the following commands:

_Command Description

MN Sets indexer to normal mode

A2 Setsaccalemionbzrpsz

v2 Sets velocity to 2 rps

D252 Sets distance to 25,000 steps
TR1XXXXX Waiit for Trigger input 1 10 be grounded

G Executes the move (Go)
® Ground trigger input 1 (motor will move).

@ Test POB Connections

The PC23 is equipped with six programmable output bits (two per axis).
You may use them to signal a peripheral device that the PC23 has just
completed some event. These outputs are controlled with the 0 Command.

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

® Type o111111
The response from this command should be 5VDC, as measured between the
POB (pin 18 or 20) and the external power supply ground.

® You may change the reading between the POB (pin 18 or 20) and the external
power supply ground to logic low (3VDC) by entering the following command:
(o2 4" 3 4" 171"

® Test Encoder Resolution

The PC23'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 Telis 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.

® Issue the 1FR status request command to verify that all encoder functions are
off for the test axis (axis #1). The response should be 1:00000000. If the
response is not 1:00000000, refer to the FR and FS commands in Chapter 5,
Software Reference.

@ 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):
Command Descniption
MN Sets mode to normal
FSB@ Sets indexer to motor step mode
Alp Sets acceleration to 10 rps?
v2 Sets velocily to 2 rps
D25298 Sets distance to 25,000 steps
PZ Sets absokite position counter 1o zero
G Executes the move (Go)
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@ Report the encoder position with the following command:

“Command Description
1PX Reports Encoder Position

@ Issue the rsBg 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 (px) command should yield a number very close to the
parameter that you specified with the encoder resolution (£r) 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.

® Test the Homing Function

Test the Home
Switch

Go Home
Process

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.

Before testing the homing function, you should use the following procedure
to test whether you have connected the home switch properly:

® Assuming the switch is normally-closed, manually open the switch and type
11s. Assuming your end-of-travel limit switches are closed and all other
inputs are open (not grounded), the response will be 1:000010. The sth digit
in the response represents the home input status.

® Close the home switch and type 11s. The response should be 1:000000.
This verifies that the switch is connected properly.

® To initiate the homing function, you must issue the Go Home (¢8) command.
When you issue the Go Home 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 A command.

@ After you issue the GE command, the motor begins to move in the direction
and at the velocity and acceleration that you specified. The PC23 waits for the
home limit input to go active (usually activated by the load opening a
normally-closed 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.

® While the motor {and load) is moving, the PC23 recognizes the home position
as the position where the home limit signal makes a transition from ON to
OFF, or from OFF to ON, depending on if the osc setting is active high or active
low (default is active high, home = transition from ON to OFF).

The motor decelerates to a stop.

The motor changes direction, passes the home position, and stops 1/32 of a
revolution on the opposite side of the home position.

® The PC23 then changes motor direction again and creeps the motor at 0.1 rps
until it reaches the home position (open-loop) or until it receives the encoder's
Z Channel pulse (closed-loop).

@ When the homing operation is complete, the indexer automatically resets its

internal absolute position counter for that axis to zero (same as issuing p2z).
You can verify #f the homing process was successful by issuing the Go
Home Status (RC) command.

e ®
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You must ensure that the final approach (step 4 above) is in the same
direction you wish the motor to move after the homing function is
complete. If the desired post-homing direction is CW, the 0.1 rps creep
portion of the go home move must start from the CCW side of home. If
there is significant backlash in the system, and the indexer is instructed
to go home in the CW direction, the motor may end up on the wrong side of
the home signal and execute its final approach in the wrong direction.

There are two situations in which the PC23 can lose track of the home
position. They are (1), overshoot resulting from a Go Home velocity that is
too high, and (2), a mechanical or electrical home switch signal delay. In
such situations, you should reduce the Go Home velocity.

Test Open-
Loop Homing
Use the following procedure to test the open-loop homing function:

® Issue the following commands:

Command Description

LDD Enable the CW and CCW limits

GAS Setsgohm;eacceleraﬁoanrpsz

GH+2 Instructs the motor 10 go home (CW) at 2 Ips

The motor should move in the CW direction at a constant velocity of 2 rps. When the load
opens 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. The motor
changes direction, travels CCW past the home position, and stops. The motor changes
direction again and creeps CW at 0.1 rps and stops at the home position (or when you
manually open and close the home switch again).

® Issue the 1PR command to verify that the homing is complete and that the
absolution position counter is reset to zero. The response should be

1:400000000.

® Issue the 1Rc command to verify that the homing was successful. The
response should be 1:*@.

Test Closed-
Loop Homing

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 them to coincide by
(1), decoupling the encoder from the motor and turning the encoder until
they coincide, or (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 repeatabllity 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 PC23 is in the encoder
step mode (set with the FSB1 command).

You can change the active states (active high or low) of the home input and
the Z channel with the 0SC and 0SD commands respectively (see the
command descriptions in Chapter 5, Software Reference).

Use the following procedure to test the closed-loop homing function:
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® Issue the following commands:

Command Description

FSB1 Ensble encoder siep mode

LD@ Enable the CW and CCW limits

GAS Setsgohomeacoebmﬁonb5rps2

GH+2 Instructs the motor 1o go home (CW) at 2 ips

The motor should move in the CW direction at a constant velocity of 2 rps. When the load
opens the home swilch (Iif the motor Is not connected to the load, you must
manually open the switch), the motor decelerates to a stop. The motor changes
direction, travels CCW past the home position, and stops. The motor changes direction again
and creeps CW at 0.1 rps and stops when the Z channel pulse from the encoder is received
while the home switch is active (open).

® Issue the 1px and the 1PR commands to verify that the homing is complete
and that the absolution position counter is reset to zero. The responses to
both commands should be 1:400000000.

@ Issue the 1Rc command to verify that the homing was successful. The
response should be 1:*e.

@ Adjust the Joystick
Use the following procedure to adjust the joystick for proper operation:

® Issue the Avl and the Av3 commands. Both channel voltage level responses
should be between OV (cE1:0.00v) and 0.005V (CH1:0.005V).

® Issue the avg and av2 commands. Both channel voltage level responses
should be greater than the responses from the avi and Av3 commands.

If the AV command responses do not provide the specified voltage values,
check the joystick connections and the hardware configuration.

@ Issue the following command loop sequence:

Command Description/Response

L Begin loop

AvVZ Repont analog voltage on channel @ (the response should be
CHZ:1.25V)

Av2 Report analog voltage on channel 2 (the response should be
CE2:1.25V)

T1 Wait 1 second

N End loop

The avg and Av2 responses should appear on the CRT at 1 second update intervals.

@ While the Av command responses are being updated on the computer CRT,
mechanically adjust the potentiometer on the joystick assembly (not the
Joystick itself) until the responses indicate a voltage level of 1.25V {+0.25V).
Issue the s command when you have completed the adjustment.

® Issue the 132 and 23z commands.
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H A P T E R @

Application Design

Chapter Objectives

Application C

The information in this chapter will enable you to the following:

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

Q Understand the capabilities of the system

0O Customize the system to meet your requirements

The X language command examples in this chapter are tatlored to single-axis

operation. To use these exarnples for multi-axis simulation, you must change

the axis-specific prefix for each command (1, 2, or 3). If you do not specify an
axis, the PC23 defaults to axis #1.

onsiderations

Successful application of a rotary indexer system requires careful
consideration of the following important factors:

QO Mechanical resonance

Q Ringing or overshoot

0 Move times (calculated vs. actual)

Q Positional accuracy and repeatability

Mechanical Resonance

Resonance, a characteristic of all stepper motors, can cause the motor to
stall at low speeds. Resonance occurs at speeds which approach the
natural frequency of the motor's rotor and the first and second harmonics
of those speeds. It causes the motor to vibrate at these speeds. The speed
at which fundamental resonance occurs is typically between 0.3 and 0.8
revs per second and is highest for small motors and lowest for large
motors.

Most full-step motor controllers jump the motor to a set minimum starting
speed to avoid this resonance region. This causes poor perfortnance below
one rev per second. In nearly all cases, using a micro-stepping drive with
the PC23 will overcome these problems.

Motors that will not accelerate past one rev per second may be stalling due
to resonance. The resonance point may be lowered to some extent by
adding inertia to the motor shaft. This may be accomplished by putting a
drill chuck on the back shaft. This technique is applicable only to double-
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shaft motors with the shaft extending from both ends of the motor. In
extreme cases, you may also need a viscous damper to balance the load.
One of the manufacturers of viscous dampers is listed below:

Ferrofluidics Corporation
40 Simon Street
Nashua, NH 03061
(603) 883-9800

Changing the velocity (v command) and acceleration (A command) may
also help a resonance problem.

Ringing or Overshoot

The motor's springiness, along with its mass, form an underdamped
resonant system that rings in response to acceleration transients (such as
at the end of a move). Ringing at the end of a move prolongs settling time.
Overshoot occurs when the motor rotates beyond the actual final position.
The actual settling time of a system depends on the motor's stiffness, the
mass of the load, and any frictional forces that may be present. By adding
a little friction, you can decrease the motor's settling time.

Move Times: Calculated vs. Actual

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. After
you issue the Go (G) command, the PC23 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.

Positional Accuracy vs. Repeatability

Open Loop
Accuracy

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

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

Accuracy, on the other hand. is the error in finding a random position.
For example, suppose the job is to measure the size of an object. The size
of the object is determined by moving the positioning system to a point on
the object and using the move distance required to get there as the
measurement value. In this situation, basic system accuracy is important.
The system accuracy must be better than the tolerance on the
measurement that is desired.

For more information on accuracy and repeatability, consult the technical
data section of the Compumotor Programmable Motion Control Catalog.

Open-loop absolute accuracy of a step motor is typically less than a
precision-grade system, but is better than most tangential drive systems.
When you close the loop with an incremental encoder, the accuracy of these
systems is equivalent to the encoder’s accuracy.

The worst-case accuracy of the system is the sum of the following errors.
Accuracy = A + B.
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Closed-Loop
Accuracy

A Uni-directional Repeatability: The error measured by repeated moves to the same point
from different distances in the same direction.

B Hysteresis: The backlash of the motor and mechanical linkage when it changes direction
due to magnetic and mechanical friction.

Closed-loop accuracy is determined by the resolution of the encoder. The
PC23 can position the motor within the encoder’s specified dead band.
Typically, this means the motor will be positioned to within one encoder
step. To do this satisfactorily, the encoder must have a lower resolution
than the motor. If the step size of the motor is equal to or greater than the
step size of the encoder, the motor will be unable to maintain the position
and may become unstable. In a system with adequate motor-to-encoder
resolution (4:1), the motor is able to maintain accuracy within one
encoder step. Refer to Selecting Encoder Resolution Values discussed later
in this chapter.

Using the Terminal Emulation Mode

Positioning M

Compumotor recommends that you familiarize yourself with the PC23's X
language commands in the Terminal Emulation Mode before you create
your custom programs in another language. The terminal emulation mode
is a user-friendly menu-driven program that allows you to directly use the
X Language commands. After you are familiar with the X language, refer
to the Programming section in this chapter to develop custom program
routines that use X language sequences you have already tested in the
terminal emulation mode.

To enter the terminal emulation mode, complete the following procedure:
0] Insert support disk #1 into the computer disk drive .
@ Type in PC23TERM at the A> prompt.

®  Enter device address 768.
@  Answer Y (yes) to the reset question.

odes

You can use one of three positioning modes to manipulate the motor with
X language commands. The three modes are normal (preset), alternating,
and continuous.

Normal (Preset) Mode

Incremental
Mode Moves

You can select preset moves by putting the PC23 into normal mode using
the Mode Normal (MN} command. Preset moves allow you to position the
motor in relation to the motor's previous stopped position (incremental
moves) or in relation to a defined zero reference position (absolute moves).
You can select incremental moves by using the Mode Position Incremental
(M1 or FSAZ) command. You can select absolute moves using the Mode
Position Absolute (MPA or FSAl) command.

When using the Incremental mode (MPI or FSAZ), a preset move moves the
shaft of the motor the specified distance from its starting position. For
example, to move the motor shaft 1.5 revolutions, a preset move with a
distance of +37,500 steps (1.5 revs @ 25,000 steps/rev) would be specified.
Every time the indexer executes this move, the motor moves 1.5 revs from
its resting position. You can specify the direction of the move by using the
optional sign (D+375@@ or D-375@29), or define it separately with the Set
Direction (H) command (H+ or H-) after the D command. Whenever you do
not specify the direction (e.g., D25@2@), the unit defaults to the positive
(CW) direction.
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wSample The moves shown below are incremental moves. The distance specified is
Incremental relative to the motor's current position. This is the default (power-up)
Mode Moves positioning mode.

MNPI Sefts unit 1 Incremental Position Mode
a2 Sets acceleration 1 2 rps2

v5 Sets velocity to 5 rpe

D25220 Sets distance to 25,000 steps

] Executes the move (Go)

G Repeats the move (Go)

B Reverses direction of next move

G Execuies the move (Go)

The motor moves one CW revolution and stops. It then moves one more CW revolution in the
same direction and stops. The motor changes direction and moves one CCW revolution,

Command Descripton

D-25000 Sets the distance 1 25,000 steps in the negative (CCW) direction.

G Executes the move (Go)

The motor retumns to its original starting position.

Command Description

B Te the motor direction of the next move, but maintains existing acceleration,
ity, and distance parameters.

G (Eét:):mshesanemwewoﬁbasﬂ'epmbtsmwe.bminmeopposiwdimcﬁm

The motor moves 25,000 steps in the positive (CW) direction.

If you wish to load all the commands before executing them, you may use
the Pause (PS) and Continue (C} commands.

Command Description
PS Pauses execution until the indexer recaives a Continue (C) command
G Executes a 25,000-step move (Go)
T3 Waits 3 seconds after the move
G Executes another 25,000-step move (Go)
c Cancels pause and executes the G T3 G commands
Absolute A preset move in the Absolute mode moves the motor the distance that you

Preset Mode specify (in motor steps) from the absolute zero position. You can set the
Moves absolute position to zero with the Position Zero (P2) command, issuing the
Go Home (GH) command, or by cycling the power to the indexer.

The direction of an absolute preset move depends upon the motor position
at the beginning of the move and the position you command it to move to.
For example, if the motor is at absolute position +12,500, and you instruct
the motor to move to position +5,000, the motor will move in the negative
direction a distance of 7,500 steps to reach the absolute position of +5,000.

When you issue the Mode Position Absolute (MPA or FSAl) command, it
sets the mode to absolute. When you issue the Mode Posftion incremental
(MPI or FSA@) command the unit switches to Incremental mode. The
PC23 retains the absolute position, even while the unit is in the
incremental mode. You can use the Position Report (PR) command to read
the absolute position.

wSample The moves shown below are absolute mode moves. The distance specified
Absolute Moves Is relative to the PC23's absolute zero position.

_Command _Descniption

MN Sets the PC23 to the normal mode

MPA Sets the PC23 1o the absolute positioning mode

PZ Sets the current abeolute position o zero

A5 Setsacceleratioanrps2

v3 Sets velocity to 3 rps

(0.5 % %) Sets move to absolute position 5,000

G Executes move (motor moves to absolute position 5,000)
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“Command Description

D1002> Sets the moftor 1o absolute position 10,000. (Since the motor was already at
position 5,000, it will move 5,000 additional sieps in the CW direction.)

G Executes the move (Go)

DO Sets the motor 1 absolute position 0. (Since the motor is at absolute position
10,000, the motor will move 10,000 steps in the CCW direction.)

G Executes the move (Go)

Alternating Mode

You can select the Alternating mode with the MA command. Set-up for
this mode is identical to that for Normal Mode (MN). The difference is that
when you issue the Go (G) command, the motor shaft rotates to the
commanded position that corresponds to the value set by the D command,
and then retraces its path back to the start position. The shaft continues
to move between the start position and the command position. Normally,
the motor stops immediately when you issue an S command. However, if
you issue the $sD1 command before the G command, then when you issue
the 8 command, the motor completes the cycle and stops at the start
position.

Another Go (G) command will repeat the same motion pattern.

This indexing mode is not functional when the absolute positioning
mode is selected (MPA or FSAl).

Continuous Mode

@ Sample
Continuous Mode
Move

The Continuous Mode (MC) is useful for applications that require constant
movement of the load, when the motor must stop after a period of time
has elapsed (rather than after a fixed distance), or when the motor must be
synchronized to external events such as trigger input signals. You can
manipulate the motor movement with either buffered or immediate
commands. After you issue the G command , buffered commands are
executed in the order in which they were programmed. While the motor is
in continuous motion, you can change the velocity and acceleration by
issuing a new Vv and A command followed by a G command.

The following example demonstrates a continuous mode sequence.

Command Description

MC Sets mode 10 continuous
al1g Sets acceleration to 10 rps®
i Sets velocity to 1 1ps

G Executes the move (Go)

The motor accelerates to 1 rps and continues at that same rate until you issue the s command,
or until the load triggers an end-of-travel limit switch.

The following example demonstrates how to change the acceleration and
velocity while the motor is moving {on-the-fly) in continuous mode.

“Command Descnption

MC Sets all moves to the Continuous mode
Al Sesaccdemﬁonbnpsz

v.5 Sets final velocity 1 0.5 rps

G Executes move (motor travels at 1 rps)
Al0 Selsacoebraﬁonto101p52

V.4 Sets velocity 10 0.4 rps

G ()hangensvelcac:itym'.\o.atrpsm1()rps2
v.1 Sets velocity © 0.1 1ps

G Changes velocity 10 0.1 rps

Move Parameters

For rotary motors, velocity and acceleration parameters are expressed in
units of motor revolutions. For accurate speed control, each axis needs to
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know its motor's resolution. Use the MR command to change motor
resolution from the default (25,000 steps/rev) 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 (US command)
capability can used to scale the b command position parameter to those
units for any axis.

Example A 25,000-step/rev motor drives a 5-turn/inch leadscrew. The system
resolution is 125,000 steps per inch. To express the distance parameter in
thousandths of an inch, the operator uses the command US125 to set a
distance multiplier of 125. If he then gives a distance command D122@,
the motor will move 1,000 units of 125 steps each (one inch) on the next
Go command. For more information, refer to the s command
description in Chapter 5, Software Reference.

When scale factors greater than 1 are used, and an indexed move is
interrupted by a Stop (s) command or by activation of a limit switch, the
final position may not be a multiple of the scale factor. Consequently, the
repeatability of that move is lost.

Closed-loop (Encoder-based) Operation

The PC23 may be operated in either the open-loop mode or the closed-loop
mode.

Open-loop refers to operating without position feedback from an encoder.
The move examples in the previous section, Positioning Modes, are
examples of open-loop moves. This is the PC23's default operating mode.
The Motor Step Mode (FSB@) command sets the PC23 to the open-loop
mode.

Closed-loop refers to operating with position feedback from an encoder.
This section discusses how you can use an incremental encoder to perform
closed-loop functions with the PC23. If the move examples below do not
function as described, refer to Chapter 7, Maintenance & Troubleshooting.

Encoder Compatibility

The PC23 is designed to interface with an incremental rotary or linear
encoder. Incremental encoders with quadrature (single-ended or
differential) TTL square wave outputs may also be used. To implement the
closed-loop functions, you must connect an encoder to the adaptor box as
discussed in Chapter 3, Installation. When you use encoders with single-
ended outputs, you must change the adaptor bax jumpers as instructed in
Chapter 6, Hardware Reference.

The functions that are added to a system when an encoder is used are
listed below:

Encoder-referenced positioning

Encoder position servoing (position maintenance)
Motor stall detection

Higher accuracy homing

Multi-axis stop on stall

coocoo
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Selecting Encod

Setting
Encoder
Resolution

er Resolution Values

The number of encoder steps that the PC23 system recognizes is equal to
four times the number of encoder lines. For example, a 1000-line encoder
mounted directly on the motor will generate 4000 encoder steps per
revolution of the motor shaft. A minimum of three motor steps per
encoder step is required for successful operation of the position
maintenance function. Position resolution (accuracy) is determined by the
encoder resolution.

If the encoder is mounted on the load and there is gearing between the
motor and the load, then the gear ratio must be considered when selecting
the encoder resolution.

For example, using a 12,800 steps/rev motor, a 1,000-line encoder, and a
10:1 reducer, the ratio of motor revolutions to encoder steps would be
changed as described in the table below.

w/o Reducer w/ Reducer

Parameter 1:1 Ratio 10:1 Ratio
Number of encoder steps recognized 4,000 400

by the PC23 (per motor rev)

Motor-to-encoder step ratio 3.2/1 321

Since there are many different encoders with different resolutions, you
must specify for the PC23 what type of encoder you have connected to the
system. Using the following example as a guide, you can specify the
encoder’s resolution to the indexer with the Encoder Resolution (ER)
command.

Command Description

Encoder Step M

ER4000 Telis the indexer that the encoder has a resolution of 4,000 steps/rev after
quadrature (1,000 ines)

ode

The indexer can perform moves in either motor steps or encoder steps. In
Motor Step mode (FSB@), the distance command (p) defines moves in
motor steps. In Encoder Step mode (FSB1), the distance command defines
moves in encoder steps.

The sample move below assumes the use of an incremental encoder with
an motor-to-encoder step ratio of 4:1.

Command Description

MN Sets mode to normal

ERAPDO Sets up encoder where 4,000 encoder steps (1,000 lines) are produced per 1
revolution of the motor.

FSBl Sets move 1 encoder step mode

Alp Set acceleration © 10 rps2

vs Set velocity to 5 rpe

D422S Set distance 10 4,000 encoder steps

G Executes the move (Go)

The motor will turn in the CW direction until 4,000 encoder steps (1
revolution) are received.

Position Maintenance

The Position Maintenance (FSC) command enables and disables the
position maintenance function. You must enable position maintenance
with the FSC1 command to activate closed loop servoing and ensure that
encoder step moves are positioned to the exact encoder step commanded.
You must have an encoder connected, and the indexer set in Encoder Step
mode {FSB1) in order to enable position maintenance.

Enabling position maintenance causes 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
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Stop-On-Stall

Example Set-
up Commands

Output-On-Stall

Example/Test

change in position while the motor is at zero velocity. The correction
response calculation yields a correction velocity according to the gain
parameter set with the Correction Gain (CG) command (refer to Chapter 5,
Software Reference for description).

The sample move below assumes the use of an encoder with a motor-to-
encoder step ratio of 4:1.

Command Description

FSBL Sets move 10 encoder step mode

rSCl Enables position maintenance

NN Sets indexer to normal mode

Alg Sets acceleration to 10 rp52

vs Set velocity 0 § Ips

DAPSS Set distance 10 4,000 encoder steps (1 rev)
[~ Executes the move (Go)

The motor will turn in the CW direction until 4,000 encoder pulses (1
revolution) are received. The position maintenance function instructs the
PC23 to servo the motor until the correct encoder position is achieved.

You can enable the Stop-on-Stall function with the FSD1 command. The
move will terminate, without any delay, as soon as a stall is detected.
This function works either in Motor Step or Encoder Step mode.

CAUTION

Disabling the Stop-on-Stall function with the rspg command will allow the
PC23 to finish the move regardiess of a stall detection, even if the load Is
jammed. This can potentially damage user equipment.

The FSD1 command is valid only if the Enable Stall Detection (OSE1)
command has been issued.

Command Description

ER4222 Sets encoder resolution to 4,000 sieps/rev
OSEl Enables stall detect

PSD1 Enables stop on stall

Stall detection does not occur until the error exceeds the steps required to
travel from one electrical pole of the motor to the next. In a 25,000
step/rev motor/drive system, this corresponds to 500 steps (25,000 + 50
poles). In a 400 step/rev motor/drive system, this corresponds to 8 steps
(400 + 50 poles).

Therefore, if the above set-up commands are used and the PC23 and
motor/drive resolution is 25,000 steps/rev (MR10 command = 25,000
steps/rev indexer resolution), then if the PC23 does not receive an encoder
pulse after moving the motor 500 steps, the PC23 will detect a stall and
stop the motor immediately.

You can select the output-on-stall function with the Turn on Output #6 on

Stall Detect (FSE) command. This is useful for signaling other
components in your system that a stall has occurred.

If you enter the FSE1 command, the PC23 programmable Output #6 goes
on (current flows) when a stall is detected and remains on until a new
move begins. This command is valid only if the Stall Detection has been

enabled (OSE1).
0] Disconnect the encoder connector from the adaptor box.

@  Issue the following commands:
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“Command Descniption

MN Sets the system in the preset mode
FSB1 Enables encoder mode

OSEl Enablos stall detect function

FSD1 Stops motor if a stall is detected
FSE1 Tums on Output 6 if stall is detected
A2 Sets acceleration 10 2 rps2

v.1 Sets velocity 0.1 rps

Degoo Sets distance 1 8,000 encoder steps
G Execute the move (Go)

® Since you disconnected the encoder, no encoder pulses are reaching the
PC23. Consequently, after the motor moves 500 motor steps, the PC23
detects a stall, turns on Output #6, and stops the motor.

Multi-Axis Stop-on-Stall

On a multi-axis PC23 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. When selected with the FSF1
command, a signal on the Trigger #6 input terminates the move
immediately, thus functioning as a remote stop input.

Perform the following steps to set up your PC23 system to terminate
multi-axis moves when a stall is detected on any axis:

® Issue the rse1 command for each axis to turn on output #6 If it detects a stall
(e.g.. 1FSE1 2FSE1 3FSE1l).

® Issue the Fsr1 command for each axis to kill motion upon activation of the
trigger #6 input (e.g., 1FSF1 2FSF1 3FSF1).

@ On the axis 3 auxiliary connector, connect Output #6 (pin 18) to Trigger #6
(pin 2).

Program Control

Loops

This section discusses the X language program control features of the
PC23.

You may use the Loop (L) command to repeat certain sequences. You can
nest loop commands up to 8 levels deep.

Command Descnption

PS Pauses command execution until the indexer receives a Continue (C) command
MPI Sets mode to incremental

a5 Sets acceleration 10 5 rps

Vs Sets velocity to 5 ps

s Loops 5 times

D202 Sets distance to 2,000 steps

G Executes the move (Go)

T2 Delays 2 seconds after the move

N Ends Loop structure

c Initiates command execution to resume

The example below shows how you can nest a small loop inside a major
loop. In this example, the motor makes 2 moves and returns a carriage
return. The unit repeats these procedures and will continue to repeat until
you instruct the unit to stop immediately with an s(Stop) or K (Kill)
command. If you issue a ¥ (Stop Loop) command, the PC23 finishes the
current loop of commands and then stops the motor.

@ Application Design 29

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



Pauses command execution until the indexer receives a Continue (C) command
Loops indefinitely
Sends a camiage retum
Loops twice

Command Description
PS

L

1CR

L2

G Executes 2,000-step move . — Loop
T.5 Waits 0.5 seconds Loop
" Ends loop———————e
N Ends loop
c Cancels pause and Inftiates command execution

POBs (Programmable Output Bits)

You can turm the programmable outputs on and off using the Qutput

(0)command. Zero (@) turns off a given output and one (1) turms the output
on. The outputs conduct when they are on and do not conduct when they
are off (see the 0 command description in Chapter 5).

Command Description _

NN Set move to Mode Nomal

PS Pausee execution until indexer receives a Continue (C) command
Alg Sesaocalamﬁontowrpsz

vs Sets velocity to 5 rps

D25200 Sets move distance 1 25,000 steps

012XXXX Sets POB 1 on and POB 2 off and leaves the rest unchanged

G Executes the move (Go)

c Cancels the Pause and executes the move

Move Completion Signals

When you complete a move, you may use the PC23's programming
capabillity to signal the end of the current move. In a preset move, you
may use one of the following commands:

O Carriage return (CR)
Q Output command (o)

QO Status request commands such as px(reports encoder's absolute position).
PR{reports motor's absolute position), FR (reports which encoder functions are
enabled), etc.

You may also use the moving/stopped bits of the status byte (SB) register to
determine if an axis has completed its move.

Command Descnption

PS Pauses command execution untif the indexer receives a Continue (C) command
A2 Sets acceleration o 2 rx:as2

v.1 Sets velocity © 0.1 1ps

D125¢¢ Sets distance to 12,500 steps

G Executes the move (Go)

1CR Sends a carriage retum over the interface
OXX1XXX Tums on Output #3 (ignores the other POBs)
1PR Report absolute position

1PX Report absolute encoder position

c Cancels the Pause and executes the move

The motor moves 12,500 steps. When the move is complete, the PC23
issues a carriage return, turns on POB #3, reports the motor's absolute
position, and reports the encoder's absolute position.

Custom Profiles

You can define a custom non-linear motion profile with the PC23's
velocity streaming modes. The three velocity streaming modes that the
PC23 offers are listed below.

Q0 Immediate Velocity (@1 command)
0 Time-Distance (g2 command)
Q Time-Velocity (@3 command}
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When you select the Velocity Streaming mode (Q1), the PC23 makes
immediate velocity changes based on parameters you set with Set
Immediate Velocity (RM) commands. The timing between issuing each RM
command determines the exact move profile (refer to the Immediate
Velocity Streaming section latter in this chapter).

The Time-Distance (Q2) mode allows you to specify an update period at
which the PC23 travels the next distance that you specify.

The Time-Velocity (Q3) mode is very similar to the Time-Distance {Q2)
mode, except that the variable parameter is the velocity.

By using these modes, you can define any motion profile. Examples are
shown the the following figure. You can use a parabolic motion profile to
optimize the motor's available running torque. An S-Curve profile
provides smoother handling of sensitive loads by eliminating sudden
acceleration changes

Parabolic S-Curve

|
e >le—>] |e >|e >

ta td ta td

For more information on custom profiling modes, refer to the RM, 92, and
Q3 commands in Chapter 5, Software Reference.

Immediate Velocity Streaming Mode

In this mode, the host computer software supplies a stream of velocity
data (X language RM commands) for real-time control of motor speed. The
PC23 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.

Once this operating mode is entered with the 01 command, the PC23
clears out any buffered commands waiting for execution and waits for Rate
Multiplier in Velocity Streaming Mode (RM) commands. With these
commands, the PC23 makes instantaneous changes to the specified
velocity. The timing between issuing each RM command determines the
exact move profile. Sending RM commands to the PC23 in rapid
succession provides smoother motion by virtue of an S-curve acceleration.
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 PC23, and execute it afterward.
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To exit the velocity profiling mode, you must use the 0@ command. When
a Q1 or Q@ command is received, it is performed before any buffered
commands.

Syntax, Range, and Output Control for ru Commands

The syntax for RM commands is RMn;n,nyn, where nynyn3n, represents
a 4-digit hexadecimal number. The most significant bit of n, s
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 Q 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 (J) point (RM@@2g if the
motor was traveling CCW or RM822@ if the motor was traveling CW). If
you do not enter the zero point, the new RM data point will be ignored.

The following table summarizes the RM command parameter range.

CW Rotation CCW Rotation
Parameter Decimal Hex Decimal Hex
Zero 32,768 8000 0 000
Maximum 65,523 FFF3 32,755 7FF3

The hex values 7FF4 through 7FFF, and FFF4 through FFFF are not listed
above. These are special function values that do not produce a motor
speed value. Instead. they provide signals on the programmable outputs in
the middle of the velocity profiling operation. These values may be
inserted in the data stream to generate a signal when the PC23 gets to
critical points in the process. The functions of these values are shown in
the following table.

Output To set low To set high

POB #1 7FF4 or FFF4 7FF5 or FFF5S

POB #2 7FF6 or FFF6 7FF7 or FFF7

POB #3 7FF8 or FFF8 7FF9 or FFF9

POB #4 7FFA or FFFA 7FFB or FFFB

POB #5 7FFC or FFFC 7FFD or FFFD

POB #6 7FFE or FFFE 7FFF or FFFF
Immediate Streaming Example

Command Descnption

Qi1 Enter Velocity Profiling mode

RNZZ11 Go to RM velocity of 249 Hz in CCW direction

RM@@55 Go to RM velocity of 1,105 Hz in CCW direction

RNZ122 Go o RM velocity of 3,906 Hz in CCW direction

RM@P55 Go o RM velocity of 1,105 Hz in CCW direction

RMZ2Z11 Go 1o RM velocity of 248 Hz in CCW direction

RNZ22@ Go to zero velocity (mandatory) 1o change direction

RM82Z11 Go 1o RM velocity of 249 Hz in CW direction

RN8@Z55 Go to RM velocity of 1,105 Hz in CW direction

RM8120 Go to RM velocity of 3,906 Hz in CW direction

RNFFF5 Set Output #1 high

RM8@55 Go to RM velocity of 1,105 Hz in CW direction

RMAO11 Go o RM velocity of 249 Hz in CW direction

Q2 Exit velocity profiling mode

Timed Data Streaming Modes

The timed data streaming modes allow you precise multi-axis distance and
velocity control. Data streaming is accomplished by dividing the profile
into small straight-line segments, allowing you to control the profile

shape with greater accuracy.
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Time-distance streaming allows control over the number of steps output
over a given period of time.

Time-velocity streaming allows control over the frequency of steps
output over a given period of time.

In both time-distance and time-velocity streaming modes, outputs can be
turmed on or off on-the-fly (while the motor is in motion). Wait-on-trigger
and looping are also possible in these timed data streaming modes.

;o produce a data streaming profile, you must complete the following
eps:

® Enter the timed data streaming mode for the appropriate axes.

@ Define the update interval for each axis.

@ Identify the clock source for each axis.

@* Provide the time-distance or time velocity streaming data.

®* start the master clock.

® Exit the timed data streaming mode after the motion is completed.

* Steps 4 and 5 can be reversed, as discussed later in the Continuous
Streaming sectiorn.

Each of the above steps is described in detail in the following paragraphs.

@® Enter a Timed Data Streaming Mode

There are two modes associated with timed data streaming. They are
time-distance streaming and time-velocity streaming.

To enter the time-distance streaming mode, enter the Q2 command for the

appropriate axes. For example, entering 102 and 2Q2 puts axes one and
two in the time-distance streaming mode.

To enter the time-velocity streaming mode, enter the Q3 command for the
appropriate axes. For example, entering 203 and 3Q3 puts axes two and
three in the time-velocity streaming mode.

CAUTION

When either the Q2 or 03 modes are entered, motion is kllled and the
command buffers are cleared on the specified axes.

@ Define the Update Interval

The update interval is defined with the Tbnn command, where nn is the
update period ranging from 2 to 50 ms in 2-ms increments. Smaller
update intervals produce finer discrete line segments. For example,
issuing 1TD50 and 2TD50 establishes an update interval of 50 ms for axes
one and two. The default update interval is 10 ms for each axis.

CAUTION

All axes in a master/siave relationship (using the MsL command) must have
the same update interval and the same minimum pulse width (set with the Mr
command).

® Identify the Clock Source

Using the MSL command, you must specify the clock source for each axis.
In doing this, you determine the master/slave relationship of the axes to
one another or to other boards. The MSL command must be specified in
the form MSLn,n,n;, where each n, value represents the clock source for
axes 1 through 3.
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For Axis #1, the possible values for n; are as follows:

1 If axis #1 uses its own internal clock (master)

2 If axis #1 uses axis #2's internal clock (slave to axis #2)
3 | axis #1 uses axis #3's internal clock (slave to axis #3)
x K axis #1 is not in the data streaming mode
@

if axis #1 uses an external clock connected to pins 1 and 2 on the RMCLK slave-to-
external connector (refer to Chapter 5 for connections)

For Axis #2, the possible values for n, are as follows:

if axis #2 uses axis #1's internal clock (slave to axis #1)

i axis #2 uses its own internal clock (master)

i axis #2 uses axis #3's internal clock (slave to axis #3)

If axis #2 is not in the data streaming mode

If axis #1 and #2 uses an external clock (via the RMCLK connector)
For Axis #3, the possible values for n3 are as follows:

1 [If axis #3 uses axis #1's internal clock (slave to axis #1)

If axis #3 uses axis #2's internal clock (slave to axis #2)

If axis #3 uses its own internal clock (master)

if axis #3 is not in the data streaming mode

it axis #1, #2, and #3 uses an external clock (via the RMCLK connector)

| K WwN R

| ¥ wN

CAUTION

Never overlap clock sources. For Instance, do not issue MsL21x, where
axis #2 would use axis #1's clock source and axis #1 would use axis #2's
clock.

When using the external clock, axis #1 must always use the external clock
and be set to a data streaming mode (102 or 103). If the command string
1Q2 2Q2 3Q2 MSLX@®@ was issued, the MSLx2@ command would be
tnvalid because axis 1 is not using an external clock.

The most common way to use the MSL command is to specify one axis as
the master and slave the other axes to the master. For example, if you use
the MSL111 command, axis #1 is the master and axes #2 and #3 are slaved
to axis #1.

@ Establish the Timed Data Streaming Format and Data

The Streaming Data (sp) command specifies either the distance to travel
(in the Q2 mode) or the velocity output (in the Q@3 mode) in one update
period. Special data points implement certain functions such as loops,
setting the POBs, and waiting for a specific trigger input pattern. Data-
intensive streaming on one axis is likely to reduce command throughput on
the other axes that are not in the streaming mode.

The format for the SD command is SDnnnn (nnnn[nnnn]), where nnnn
is a 2, 4, or 6 byte HEX code. If one axis is in the Streaming mode, the
format is SDnnnn. If two axes are in the Streaming mode, the format is
SDnnnnnnnn. If all three axes are in the Streaming mode, the format is
SDnnnannnnnann.

The order of the four HEX digits corresponds from the lowest to the
highest axis number value. For example, if axes #2 and #3 are in the
timed data streaming mode, the order is as follows:
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Distance

Velocity

Special Data
Points

SDnnnnnnnn
[ N | |
wis 42 axis 83

If axes #1 and #3 are in the Streaming mode, the order is as follows:

SDnnnnnnnn
| N | —

axis #1  axis 83

The range of values for the four HEX digits is 2@@ - 7EFF or 8202 -
FEFF. These values can represent distance in the 92 mode or yelocity in
the 03 mode. HEX digits #@2@ - 7EFF correspond to a data range of O
thru 32511 (decimal).

The most significant bit of the four hex digits sets the direction. A1
(binary) in this bit position means CW. The remaining three bits specify a
magnitude. Therefore, the data range 222@ - 7EFF corresponds to the
CCW direction, and 8@2@ - FEFF corresponds to the CW direction. For
example, to specify a CW distance of 100 motor steps, the SD commmand
would be SD8@64. To specify a CCW distance of 100 steps, the SD
command would be SDZ@64 (64 hex = 100 decimal).

For an axis in the normal velocity range (SSF@), the maximum distance that
can be specified is calculated as follows:

[(update interval in ms) * 1000/2 ] - 1

For example, if the update interval is 10 ms, the maximum distance is
4,999 steps (SD1387 or SD9387).

For an axis in the low velocity range (SSF1), the maximum distance that can
be specified is calculated as follows:

[(update interval in ms) * 100/2] -1

For example, if the update interval is 10 ms, the maximum distance is 499
steps (SD@1F3 or SDS81F3).

For an axis in the normal velocity range, the velocity value for nnnn in
the SDnnnn command is determined by dividing the desired velocity by
15.259 Hz (15.259 steps/rev). For example, to achieve 1,526 steps/sec in
the CW direction, you would use the SD8264 command (1,526/15.259 = 100
= 64rps HEX). H you wanted to move in the CCW direction you would use
the spg@64 command.

For an axis in the low velocity range, the velocity value for annn in the
SDnnnn command is determined by dividing the desired velocity by 1.526
Hz (1.526 steps/rev). For example, to achieve 153 Hz (steps/sec} in the CW
direction, you would use the SD8264 command (153/1.526 = 100 = 64 HEX)
for one update interval. If you wanted to move in the CCW direction you
would use the SD@@64 command.

CAUTION
When specifying consecutive data points that are different in direction, you
must insert a zero (Q) data point between the two non-zero data points that
are different in direction; otherwise, the timed data streaming mode for this
axis will be exited.

The maximum value for a normal data point is 7EFF or FEFF. The range
of values 7F@@ - 7FFF and FF@@ - FFFF is used to perform specialized
functions. Data values in this range are interpreted not as data, but as
special commands.
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@ Loops SD7F@1 thru SD7F7F and SDFF@1 thru SDFF7F are loop commands with
the loop count as the two least significant hex digits. spD7r8% and
SDFF89 are endloop commands. The most significant bit corresponds to
the direction. Use sD7r@@ through sD7r8g for loops beginning in the
CCW direction. Use SDFF@@ through SDFF8g for loops beginning in the
CW direction.

The loop count range is 1 thru 127. sD7r@@ (CCW) and SDFF@@ (CW) are
loop commands with an infinite loop count. For example, to create an
infinite loop that causes 100 steps to be output for each update period, you
could issue the following commands:

Command Descniption

SDYY20 Loop an infinite number of times

SD8@64 Move CW 100 steps

SDFF8g End loop

For a finite loop count of 5, you could issue the following:
Command Descniption

SDT¥@5 Loop 5 times

SDPP64 Move CCW 100 steps

SD7¥8g End loop

Any loop can be terminated on a loop boundary by sending another
endloop data point. For instance, if the PC23 was half way through the

third cycle of a 5-cycle loop and you issued another SD7F8@ (or SDFF80)
command, the PC23 would finish the current loop cycle and then stop.

W Outputs SD7FC@ thru SD7FFF are commands used to set or clear POBs 1 thru 6. In
the sD data point, bit positions @ thru 5 correspond to POBs 1 thru 6
respectively as follows:

SD Bit: 7 6 5 4 3 2 1 ]
POB #: X X 6 5 4 3 2 1
To set or clear a POB, two POB data points are required: a set/clear mask

and a don't care mask, specifying which bits are to be affected by the
set/clear mask and which ones are to be unaffected.

When a pair of POB set/clear and don't care mask data points are
encountered after the POB action is taken, the next distance or velocity data
point is taken from the data buffer. This means that only 1 POB data
point pair is allowed per update interval. If you specify more than
one POB data point pair, the motion may not be smooth.

The following example demonstrates how to calculate the two POB data
points needed to set and clear POBs 1 through 6:

Desired outcome: POB1=0 POB2 = 1 POB3 = 1
POB4 = X POB5 = X POB6 = 1

® Calculate the first sp7Fnn command (set/clear mask). The purpose of the
set/clear mask is to specify which bits (outputs} are not being turned off
{output = 9).

a. Since there are only six outputs, put 11 on the front of the POB pattern
(1, 1, POB6, POBS5, POB4, POB3, POB2, POB1). This is done to make
two hex characters. The result is 111xx110.

b. Replace Xs with 1s. The result is 11111110,

c. Convert the 8-bit binary number to HEX (result is FE).

d. Thus, you should specify the data point as SD7FE.

® Calculate the second sp7Fnn command (don’t care mask). The purpose of the
don't care mask is to specify which bits {outputs) are to be left in their current

state (output = X).
a. Replace 1s with 0s, and Xs with 1s in the POB pattern. The result is
011000.
b. Put 11 on the front of the new POB pattern (to make two hex
characters). The result is 11011000.
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W Triggers

c. Convert the 8-bit binary number to HEX (result is pa).
d. Thus, you should specify the data point as SD7rps.

When axes are in a master/slave arrangement via the MSL command, SD
data alignment is based on valid data points and not on Trigger, POB, or
Loop/Endloop data points. Entering the following commands will output
100 steps on each axis for the first update interval. POB #1 will be high
and both axes will output 50 steps during the second update interval:

Command Description

SD8P648064 Move both axes CW 100 steps

SD7FTRIFF? %e(txPx%B()ﬂ high and leave the rest SD7FFE7FFE unchanged (equivalent 1o
8D89328932 Move both axes CW 50 steps

SDFFC@ thru SDFFFF are commands used to implement a buffer pause
based on the pattern of Trigger bits 1 thru 6. Buffer paused means that the
previous data value is repeated until the trigger condition is satisfied. In
the 8D data point bit, positions @ thru 5 correspond to Trigger's 1 thru 6
respectively (i.e., bit @ is Trigger bit 1).

To implement a buffer wait function, two trigger data points are required.
A wait mask and a don’t care mask specify which bits are to be affected by
the wait mask and which ones are to be unaffected. The calculations to
compute each mask are performed exactly the same as the output mask
calculations discussed in the previous section.

Once a valid trigger wait pair of data points is encountered, data points in
the buffer are not fetched in subsequent update intervals (buffer-paused)
until the pattern is satisfied. For example, to wait for trigger bits 2 and 3
to be set and bit 1 to be cleared while ignoring bits 4, 5, and 6, the
following sD commands would be used:

Command Description
SDFFFE Ygﬂt)l(oxrxb)inbdear.bits2&3tobeset,andSDFFFaign0febils4.5,&6

® Start the Master Clock

Data Streaming

The Master/Start (MSS) command initiates the start of the clock for the
pulse generation circuitry on any axis that is designated as a master.

Restrictions

The following are restrictions to be considered when using the timed data
streaming mode:

Q If the master/slave relationship with another board is desired, then axis #1
must be included as a streaming axis, and must use the external clock.

Q The minimum motor resolution required is 5,000 steps/rev.
All master/slave axes must have the same velocity range (ssF command).

O If a limit is hit while in a timed data streaming mode (Q2 or Q3), the timed
data streaming mode is exited for that axis only. This is equivalent to a o2
command.

Q For update periods of 6 ms or less, the binary input mode is recommended
(see below).

@ While streaming in a master/slave relationship, all slave axes should be exited
first, before the master axis. For example, when operating axis 1 through 3
under the command MsL111, you should exit as follows: 302 ... 208 ... 102.

0 Discrete data streaming is limited by the PC23 buffer size (see the section on
Continuous Streaming discussed later in this chapter).

o

Time-Distance Streaming Example
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An application requires axes one and two to run in the time-distance
streaming mode and axis three to be independent. The commands used are

as follows:

‘Command Description

3a10 Acceleration = 10 rpsz

3vio Velocity = 10 rps

3025000 Distance = 25000 steps

3L200 Loop 200 imes

3G Start motion

ar1 Pause 1 second

k)| Change direction

3¢ Start motion

38 Change direction

3r2 Pause 2 seconds

3N End loop

102 Enter streaming mode axis #1

202 Enter streaming mode axis 2

NSL22X Synchronize axis 1 clock 10 axis 2, axis 3 independent
1TD10 Axis 1 update interval = 10 ms

2TD10 Axis 2 update interval = 10 ms

SD00640096 Move axis #1 100 steps CCW, move axis #2 150 steps CCW
$D00000000 Stop axis 1 and 2 - required to change direction
SD806481CA Move axis 1 100 steps CW, move axis 2 458 steps C
SDFFOSFF05 Loop axes 1 and 2, 5 tmes CW

SD80648064 Move axes 1 and 2 100 steps CW

SDTFFETFRE Two commands required 1o

SD7FD@7FDZ Set POBs (6,5,4,3,2,1) o 1X0110

SD80968096 Move axis 1 and 2 150 steps CW

SD7FD9TFD9 Two commands required to

SD7FDS7PDZ Set POBs (6,5.4,3,2,1) 0 1X1001

SDFF80FF80 End loop

SD00000000 Stop axes 1and 2

SD7F7E7F7F Loop axis 1 and 2, 127 imes CCW

SDO10000FF Move axis 1 256 steps CCW, move axes 2 255 steps CCW
8D00000000 Stop axis 1 and 2

SDFFFFFFFF Both axes wait on trigger (6,5,4,3,2,1,)

SDFFFBFFFB To be XXX 1XX

SD7F807F80 End loop

8D00000000 Stop axis 1 and 2

MSS Start master clock. Computer time delay needed (e.g., 1400 ms)
100 Exit streaming on axis 1

209 Exit streaming on axis 2

Time-Velocity Streaming Example

An application requires axes one and three to run in time-velocity
streaming mode and axis two to run independently. The commands used

38

are as follows:

Command Description

2210 Acceleration = 10 rps®

2vV10 Velocity = 10 rps

2D10000 Distance = 10000 steps

21200 Loop 200 times

26 Start motion

271 Pause 1 second

2H Change direction

26 Start motion

2H Change direction

271 Pause 1 seconds

2N End loop

SSFO High velocity mode (default)

103 Enter streaming mode axis 1

3Q3 Enter sreaming mode axis 3

MSL1X1 Synchronize axis 1 clock 1o axis 3, axis 2 independent
17D20 Axis 1 update interval = 20 ms

3TD20 Axis 3 update interval = 20 ms

SD7ETRIE TP Loop axis 1 and 2, 127 imes CCW

SD00050005 By end of update interval, velocity = 76.3 steps/sec
SD00100010 By end of update interval, velocity = 244.1 sleps/sec
SD00000000 By end of update interval, velocity = 0 steps/sec
SD7FBO7F80 End loop

MSS Start master clock) computer delay needed (e.g., 60 ms)
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100 Exit streaming mode axis 1

300 Exit streaming mode axis 3

88F1 Low velocity mode

103 Enter streaming mode axis 1

303 Enter streaming mode axis 2

MSL1X1 Synchronize axis 1 clock with axis 3, axie 2 independent
1TD50 Axis 1 update interval = 50 ms

3TD50 Axis 3 update interval = 50 ms

SDFOOSFO005 By end of update interval, velocity = 76.3 steps/sec
SD7FFETFFE Two commands required to

SD7FDATIDR Set POBe (6,54,3,2,1,) o 1X0110

SDTF2987r20 Loop axes 1 and 2, 20 imes CCW

SDY @525 By the end of update interval velocity = 76.3 steps/sec
SD7r8@IFeR End loop

SD7¥D9T¥DY Two commands required to

SDTFDSTFDS Set POBs (6,54,3,2,1,) 1 1X1001

SD80108010 By end of update interval, velocity = 24.41 steps/sec
8D00000000 By end of update interval, velodity = 0 stepe/sec
SD7F807F80 End loop

MSS Start master dock. Computer delay needed (e.g., 150 ms)
100 Exit streaming mode axis 1

3Q0 Exit streaming mode axis 3

Motion stops when the time velocity byffer is empty.

Discrete Data Streaming

The time-distance and velocity-distance examples on the previous two
pages use what is referred to as discrete data streaming, which follows this

pattern:

® g2o0re3 Enter time-distance or velocity-distance mode
@ TD Provide time-distance update rate or period
€] MSL Specify master/slave clock source

@ sbp Specify stream data or send distance

® MSS Master/slave start (start movement)

® oo Exit time-distance mode

This form of streaming is useful when the number of SD data points does
not exceed the PC23's buffer capacity. Since each axis buffer can hold
1,000 characters, this corresponds to about 200 sD data points per axis
(1,000 bytes @ 5 bytes per sSD data point).

By using discrete streaming, the standard communication handshaking
can be used (refer to SIMPLEX.BAS, PC23P.PAS, or PC23C.C on the
support disks). Discrete streaming also allows update intervals of 2 ms to
be used without using the binary input mode or assembly language drivers.

Continuous Data Streaming

Continuous data streaming differs from discrete data streaming in that
the SD data points are sent to the PC23 after starting the master clock,
instead of before starting the master clock. By choosing continuous
streaming over discrete streaming, you are not limited by the PC23 buffer.
Therefore, you can send an infinite number of SD data points to the PC23.

CAUTION

You must check bit 7 of the status byte to ensure that the PC23 data buffer
i{s able to handle the data. The buffer cannot accept new data until bit 7
changes from © to 1. You can send up to 200 data points (2 bytes per
point) at one time and wait for bit 7 to change from @ to 1 to send 200 more.

The command sequence required to conduct a continuous streaming
operation for each axis is as follows:

® @2 or 93 Enter time-distance or velocity-distance mode
® MsL Specify master/slave clock source
@ TD Provide time-distance update rate or period
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@ MSS Master/slave start (start movement)
® s$D Specify velocity or # of steps to output
® Qe Exit time-distance mode

Step 5 of the above sequence can be accomplished in two different ways.
One way is by repeatedly using the standard PC23 write drivers (refer to
the SIMPLEX.BAS, PC23P.PAS, or PC23C.C programs on the support
disks). The other approach is to use the PC23's binary input capability, as
described below and reference on support disk #2, filles PC23TDP.PAS and
PC23TDC.C.

Binary Input Mode

By using the binary input mode, you are able to use a much faster update
rate. Having a shorter update interval allows more precise control of the
motion segments. Within the binary input mode, the data points are
entered as binary words. Therefore, when you enter data this way, only
two, four, or six bytes (for one, two, or three axes) per input session are
allowed. During each input session, one SD data point (for 1, 2, or 3 axes)
is transferred to the PC23.

The steps required to support a binary data input mode session are as
follows:

® Read the status byte (base address + 1) until bit 4 is set. (PC23 ready to
receive a byte)

@ Send one byte of the 2, 4, or 6-byte data packet to the PC23 data register
{base address).

® Send HEX 71 to the control byte (base address +1). This puts the PC23 in
binary input mode and informs the PC23 that a data byte has been transferred
to it.

@ Read the status byte until bit 4 is cleared. (data byte accepted by PC23)

® If the data byte that you sent in step 2 is the last byte of the 2, 4, or 6-byte
packet, send HEX 60 to the control byte (exit binary input mode). If the data
byte sent in step 2 is not the last byte, send HEX 61 (remain in binary input
mode) to the control byte and repeat steps 1 through 5.

The binary input mode will work only in continuous streaming.

Example

Axes #1 and #2 are in the time-distance mode (Q2) with axis #1 as the
master and axis #2 as the slave, using the step pulse clock from axis #1

(i.e., MS111X). The update rate is 2 ms (TD2).

To input a data point such that axis #1 outputs 100 steps in the CW
direction for one update period and axis #2 outputs 200 CW steps for the
same period, two binary words (4 bytes) are sent in one binary input mode
session as follows {the sequential order is from top to bottom):

Command Descripbon

MSB1 HEX 80 (binary, not ASCH)
LSB1 HEX 64

MSB2 HEX 80

LSB2 HEX C8

On software support disk #2, binary input mode examples are written in
two different program languages: PASCAL and C.
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Language Considerations

When creating a program in the timed data streaming mode, you must

consider the programming language you are using. Certain languages,
such as C, run considerably faster than BASIC. PASCAL also runs faster

than BASIC, even a compiled BASIC, such as Microsoft QuickBASIC.

On tests performed with an IBM compatible (80286 microprocessor),
Borland TURBO C 2.0 was able to run a continuous tirned data streaming
program with an update interval of 6 ms (TD6). This program used the
binary input mode to communicate SD data points to the PC23. Using
Borland TURBO PASCAL 5.0, a similar program ran at 12 ms update
intervals (Tp12). Using Microsoft Quick BASIC 4.5, a comparable
program ran at 30 ms update intervals (TD30).

If you require update intervals of 2 ms, you must use assembly language
binary input mode drivers. By linking these assembly language routines
into your BASIC, C, or PASCAL program, you will be able to obtain 2 ms
update intervals, even on a standard PC with an 8088 microprocessor.

Examples of how to link the assembly language binary input mode drivers
are provided on support disk #2. For BASIC, reference the \BAS_ASM
subdirectory. For C, reference the \C_ASM subdirectory. For PASCAL,
reference the \PAS_ASM subdirectory.

Communicating with the PC23

This section describes how the computer communicates with the PC23.

Read and Write Registers

To operate the PC23 with X language commands and sequences, you must
be able to communicate with it over the computer's I/0 bus.
Communication with the PC23 involves two pairs of registers. A register
refers to a temporary storage area for holding one character (or one eight-
bit byte). Data transfer to and from the register takes place one character
at a time.

Register pair #1 resides at the PC23's bases address set with the 8-position
DIP switch and consists of the input data buffer (IDB) and the output data
buffer (ODB).

Register pair #2 resides at one address location above the PC23's bases
address and consists of the control byte (CB) and the status byte (SB).

The ODB and the SB are read-only registers. The IDB and the CB are write-
only registers. Sample read and write routines that access the computer's
I/0 bus are provided on the demonstration diskettes which accompany the
PC23. The routines are written in BASIC, C, and PASCAL.

Control Byte and Status Byte

X language commands are strings of ASCII characters. Sending a
command to the PC23 requires transferring each character in the string
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. This notification process involves
setting or clearing control bits (flags) in the 8- bit SB and CB registers.

Set = high = binary value of 1
Clear = low = binary value of @

Control Byte flags allow the host program to signal the PC23 with
messages such as "A10 V10 D25¢@@ G". The Status Byte flags allow the
host program to check on the PC23 operating conditions such as if motor
C or axis #2 is moving .
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Control Byte The following table shows the control byte flags available to the
(CB) Flags programmer for signalling the PC23. Both this register and the status byte
are used to communicate with the PC23.

Bit Definition

Binary Input Mode (active high)

Unused

Stop watchdog timer (active high)
Acknowledge interrupt (active high)

IDB command character ready (active high)
Restart watchdog timer (active low)

Reset interrupt output (active low)

ODB maessage character accepted (active high)
Bit 0, when set, indicates that the binary input mode of data streaming is
being used.

Bit 2, when set, causes the PC23'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).

Bit 3, when set, tells the PC23 that its interrupt signal to the computer
has been noted and is no longer needed (see Bit 6 below).

Bit 4, when set, tells the indexer that a command character has been put
into the IDB. The PC23 then clears Bit 4 of the status byte (SB) to indicate
that the IDB is unavalilable, reads the character in the IDB , and then sets
Bit 4 of the SB to indicate to the host that the IDB is again ready for a new
character.

Bit B 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.

Bit 6 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.

Bit 7, when set, tells the PC23 that a response character, previously
placed in the ODB by the PC23, has been received by the host, and a new
character may be placed in the ODB.

NORLAEWN=-O

Status Byte The status byte provides several information flags for the programmer as
(SB) Flags shown in Table 4-5. You can use the status byte 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.
Bit Definition Power-up State
0 Axis 2 stopped (active high) Set
1 Axis 1 stopped (active high) Set
2 Axis 3 stopped (active high) Set
3 ODB ready (active high) Cleared
4 IDB ready (active high) Set
5 Board fail (active high) Cleared
6 Interrupt active (active high) Cleared
7 Timed data buffer > 1/2 full (active low) Cleared

Bits 0, 1, and 2 indicate whether the motors for the three axes are
moving. At the beginning of any move, the appropriate bit is cleared.
Specifically, these bits indicate whether or not the indexer is sending step
pulses to the drives. These-bits do not indicate if position maintenance is in
effect. Bits 3 and 4 are set when their corresponding data buffer is ready.

Bit 8 is set when the ODB contains an output character for the host,
signalling the host to read the information it contains.
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Bit 4 is set when the IDB is ready (computer may write a character to the
IDB).

Bit 8, when set, tells the PC that the PC23's watchdog timer 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 by cycling power to the
PC23 or by sending hex 60 to the CB to restore it. Resetting the PC23 is
discussed in the Programming section of this chapter. Exercising the self-
test function will also set this bit. When bit 5 is set, the drive shutdown
output goes active, removing motor torque and generating a drive fault.

Bit 6 indicates to the host that a conditional interrupt has been armed
and that an interrupt has occurred. If either jumper JU27 (selects
interrupt 3) or JU28 (selects interrupt 4) on the indexer board is installed,
then the PC23 has generated a hardware interrupt signal.

Bit 7, when cleared, indicates that the timed data streaming buffer is over
half full. This bit is only active when in time-velocity or time-distance
streaming mode. At all other times, the bit is cleared.

Communication Process

The following sequence of events occurs when sending a character to the

PC23:

® Read the SB until bit 4 is set.

@  Write a byte (character) into the IDB.

@  Write to the CB and set bits 4, 5, and 6.

@®  Read the SB until bit 4 is cleared.

®  Write to the CB to clear bit 4 and set bits 5 and 6.

The following sequence of events occurs when receiving a character from

the PC23:

® Read the SB until bit 3 is set.

@  Write a byte (character} from the ODB.

®  Write to the CB and set bits 5, 6, and 7.

@ Read the SB until bit 3 is cleared.

®  Write to the CB to clear bit 7 and set bits 5 and 6.
Programming

The PC23 comes supplied with two floppy diskettes containing support
routines written in BASIC, C, and PASCAL. In addition, ASSEMBLY
routines to reset, read, and write to the PC23 are included.

The support disks are divided logically into sub-directories. To go between
these sub-directories type: cdf{subdirectory name). To back up one
subdirectory type: ed. .

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

The ASSEMBLY routines are contained in the BAS_ASM, C_ASM, and
PAS_ASM sub-directories. Each of these sub-directories show how to link
ASSEMBLY code to the appropriate programming language (BASIC, C, or
PASCAL).

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

in INFO.EXE, print the file called INFO.DAT.
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A terminal emulator program has also been included with the support
code. This program (PC23TERM.EXE) can be used to talk to the PC23
directly. It is a good program to practice making motion with the PC23.

Use the following procedure to copy the support routines to your hard disk:

® Create a sub-directory in which to put the routines (akdir pc23).

@ Change directories to the newly created subdirectory (cd Pc23).

@ Copy the file INSTALL.BAT to this sub-directory (copy a:\INSTALL.BAT).
@ Type: INSTALL.

Support Disk Files
To install the support disk onto your hard drive. Type INSTALL at the

DOS prompt.
Support Disk
File Structure
INFO.DAT SENDPC23.PAS PC23TERM.C PC23.C
INFO.EXE SENDPC23 .EXE PC23TERM.EXE PC23.H
SENDPC23.DAT CURSOR.C SD.INI
\BASIC | \TESTS
[ sIMPLEX.BAS ] MENU.BAS
TERMINAL.BAS
RUN . BAT
CODE.DAT
SINE.DAT

STATLOC.DAT
STATPG.DAT
STATREQ.DAT
TUTOR1.DAT
TUTOR2 .DAT
TUTOR3.DAT
TUTOR4 .DAT
TOTORIAL.BAS
PROFILE.BAS
REV.DAT
CIRCLE .CMD
COMMAND .DAT
COMMAND .DOC
INFO.DOC
MACHINE .DOC
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Support Disk L ]

File Structure \BAS.ASM \C \C.ASM| \PASCAL \PAS.ASM| TIMEDIST
pPc23c.C PC23P.PAS
PC23C.EXE PC23P.EXE
PC23RSQF .ASM PC23RSCF. PC23RSPF.ASM ONEREV.DAT
PC23WRQF . ASM PC23WRCF.AS! PC23WRPF.ASM SQUARE . DAT
PC23RDQF .ASM PC23RDCF . AS| PC23RDPF .ASM CIR.DAT
PC23BWRQ.ASM PC23BWRC.AS PC23BWRP .ASM 10.DAT
PC23ASM.BAS PC23ASMC.C PC23RSPF.OBJ 102.DAT
PC23RSQF.0BJ PC23RSCF.OB PC23WRPF . OBJ 103.DAT
PC23WRQF . OBJ PC23WRCF . OB PC23RDPF.OBJ PC23TDC.C
PC23RDQF.OBJ PC23RDCF.OB PC23BWRP .OBJ PC23TDC.EXE
PC23BWRQ.OBJ PC23BWRC. OB PC23.INC PC23TDP.PAS
PC23.INC PC23.INC PC23ASMP .EXE PC23TDP.EXE
PC23QB.LIB PC23ASMC.E
PC23Q0S.QLB CREATE_C.
CREATEQOS . BAT

Designing the Computer Program

Responsibility for creating computer programs lies with the user. Creating
an interactive program should pose no problem 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 PC23 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 the intended purpose of the program, it must include
subroutines or procedures to do the following (in order of importance):

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

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.

Sending and Receiving Strings

The basic procedure for sending and receiving single characters is shown
below. The algorithms discussed later in this chapter 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

ocooo
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will occur, since 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. Therefore, you must make provisions 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
PC23 and can be decimal, hexadecimal, or binary data, with varying zero
reference positions.

In the default report format, Axis 1 can respond in a format different from
the other two axes. In general, it is always a good programming practice
to precede the status request commands with the appropriate axis
specifier.

Receiving Status Information and Data

It is comparatively simple to read status with an INP instruction like the
following:

BYTE = INP (ADDRESS+1) BASIC

BYTE = INPORTB(ADDRESS+1) TURBO C
BYTE = INP(ADDRESS+1) MICROSOFT C
BYTE: = PORT(ADDRESS+1) TURBO PASCAL

The numeric variable named ADDRESS has previously been set equal to
the base address of the PC23. This instruction sets the numeric variable
named BYTE equal to the binary number corresponding to the bit pattern
of the PC23's status byte.

This instruction may be executed at any time regardless of what the PC23
is doing. The resulting variable BYTE may be used as a regular number or
as a logic value. As a logic value it can be logically ANDed with a mask
logic value to reset all the bits in BYTE other than the status bit of
interest.

Acquiring data bytes from the PC23, such as a position or specific status
report, calls for the steps detailed in the following section. The INP
instruction is also used to read response characters. They must be
converted from numbers with the BASIC VAL instruction, and linked to
form the entire response string. A sample BASIC input driver is shown in
the BASIC example in the SIMPLEX.BAS program on the support disk.

Testing Individual Status Bits

In the definition of the status byte (SB) above, Bit 3 of the 8-bit status byte
will be a one (1) if an output character is waiting, zero if not. (The bits are
numbered O through 7). To test this bit, set all the other bits to zero by
ANDIing the byte with a mask and perform a logical test on the result for
zero (false). Bit 3 has a binary weight of 8.

Example: Suppose the PC23 returned a status byte value of 89, Bit 3 is high:
Logical Dec _ Hex  Binary
Masking BYTE = 89 = 59 = 01011001 \
> logic AND = 00001000
Mask = 8 = 08 = 00001000 / (TRUE)
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If the PC23 returns the value 70. A check on Bit 3 reveals that it is low, as
follows:

Deac Hex Binary
BYTE = 70 = 46 = 01000110 \
> logic AND = 00000000
Mask = 8 = 08 = 00001000 / (FALSE)

In BASIC, this check might appear as follows:

3000 BYTE = INP ( ADDRESS+1 )

3010 IF ( BYTE AND 8 ) > 0 THEN GOTO 3020 ELSE GOTO 3000
3020 CBEAR = INP (ADDRISS)

3030 CHAR$ = CHERS$ ( CHAR )

3040 ANSWERS = ANSWERS + CHARS

3050 etc

This instruction keeps sending the program back to read the PC23 status
until a character is ready. Then the character may be read. Note that this
example will trap the computer if the PC23 has not recetved a status
command.

Sending Control Information and Data

To write bytes to the PC23, you can use OUT instructions such as the
following:

OUT ADDRESS, ALPHA BASIC
OUTPORTR (ADDRESS, ALPHA); TURBO C
OUTP (ADDRESS, ALPHA); MICROSOFT C

PORT[ADDRESS]): = ALPEA; PASCAL

Resetting the PC23

Reading
Characters
From the PC23

The following are step-by-step procedures for writing your own
subroutines for resetting the PC23:

Write 64 Hex to the Control Port (Board Address +1)

Read the Status Port (Board Address +1) until (the status byte AND 20 Hex )> O
Write 40 Hex to the Control Byte (Board Address +1)

Write 60 Hex to the Control Byte (Board Address +1).

Read the Status Port (Board Address +1) until (the status byte and 7F Hex) =
17 Hex.

Write 20 Hex to the Control Port (Board Address +1)
Write 60 Hex to the Control Port (Board Address +1).
Use the following procedure to read characters from the PC23:

Initialize the ASCII variable to null (J).

Read the Status Port (Board Address +1) until (Status Byte AND 8 Hex) >O0.
Read the Data Port (Board Address) in to the ASCII variable.

Write E@ Hex to the Control Port (Board Address +1)

Read the Status Port (Board Address +1) until (the status byte AND 8 Hex ) = 0.
Write 60 Hex to the Control Port (Board Address +1)

e 66600

® 6 @686 0
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Writing
Characters to a
PC23

Use the following procedure to write characters to the PC23:

® Convert the character to ASCII. This may not be necessary in some
programming languages such as C (except for axes in the binary input data
streaming mode).

Read the Status Port (Board Address +1) until (the Status Byte anp 10 Hex) > 0.
Write the ASCII character to the Data Port (Board Address+1).
Write 70 Hex to the Control Port (Board Address +1).

Read the Status Port (Board Address +1) until (the Status Byte AND 10 Hex) =
0.

® Write 60 Hex to the Control Byte (Board Address +1).

e®e s

Program Examples

BASIC
Program
Example

C Program
Example

PASCAL
Program
Example

48

The following support disk files provide read, write, and reset routines for
the PC23:

QO  SINPLEX.BAS (written in BASIC)

Q PC23P.PAS (written in PASCAL)

Q PC23C.C (written in C)

These files provide the foundation from which you can design a motion

control program for the PC23. The following are examples of how to use

these files to create your own PC23 program.

Use the following steps as a guide to develop your custom PC23 BASIC

program:

® Make a copy of SIMPLEX . BAS.

@ Edit the copy starting at line # 5000.

® To send a command, place the X language commands in CMD$ (CMD$ = A1g
Vig D25282 G)

®

To get a response from the PC23, use the GOSUB 3000.
The response is returned in ANSWERS$.

5000 CMD$ = "1PR "

5010 GOSUB 1000

5020 GOSUB 3000

5030 IF ANSWER$ = "

5040 PRINT ANSWER$
® Compile and run the program.

Use the following steps as a guide to develop your custom PC23 C program:
@® Make a copy of PC23cC.C.
Edit the main program of the copied file.

To send a command. place the X language in message (message = A1¢ Vig
p25¢22¢ G). Then make a call to procedure writecmd (message).

@
@
@ To get a response from the PC23, use procedure readanswer (answer). The
®

'write to PC23
‘read from PC23
THEN 5020

response is returned in answer.

Example: main() {
char *message, *answer;
answer="";
initialize():
message = " 1PR *;
writecmd (message);
readanswer {(answer) ;
printf (answer);
} /* end of main*/

® Compile and run the program.

Use the following steps as a guide to develop your custom PC23 PASCAL
program:

® Make a copy of PC23P . PAS.

@ Edit the main program of the copied flle.

/*resets PC23*/
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® To send a command, place the X language commands in message (cmd = A1z
vig D25¢¢@ G). Then make a call to procedure writecmd (768,cmd) where
768 is the PC23 board address.

@ To get a response from the PC23, use procedure readanswer (768,answer).
The response is returned in answer.

® Example: begin
answer:s='';
Initialize (768);
cad:=' Al@ V1g D25@2% G PR °';
Writecmd (768,cad);

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

® Compile and run the program.

Special Modes of Operation

Joystick Mode

This section discusses special modes of operatiion for the PC23. These
special modes include the following:

O  Joystick operation

O  Using multiple PC23s with one computer

Q  X-Y linear interpolation

8] Using interrupts

The PC23 uses an 8-bit analog-to-digital (A/D) converter to accept an
analog voltage input (generally from a 5kQ potentiometer joystick) to
control motor velocity on axes 1 and 2.

Joystick connection and adjustment instructions are provided in Chapter
3. Installation.

You can enter input for the Joystick mode with the J1 command, which
assigns two A/D inputs (used in differential mode) to the specified axis.
For example, if no axes are in the joystick mode, CHg and CH1 of the A/D
are assigned to the first axis that enters the Joystick mode. Once you
enter the Joystick mode, steps are cutput in a CW or CCW fashion,
depending on the magnitude of the voltage input and the parameters that
you set via the various joystick commmands (refer to the Jg, J1, JB, JD, JV,
and Jz command descriptions in Chapter 5, Software Reference).

The voltage range for the A/D is O - 2.5V. This range is divided into two
regions. One region is from O - 1.25V and the other is from 1.25 - 2.5V. If
the input voltage is exactly 1.25V, no steps will be output. If the voltage
level is from OV - 1.24V, steps will be output in the CCW direction, with the
maximum velocity at OV. The maximum joystick velocity is determined
(1), by the value of the last v command that was issued prior to entering the
Joystick mode, or (2}, with the 0SF command (refer to the 0SF command
description in Chapter 5).

If the input voltage is between 1.26V - 2.5V, steps will be output in the CW
direction. Zero step offset can be performed with the J2 command. Zero
step output can be set to 1.25V (+0.25V). A zero step dead band
symmetrical about the zero step set point established with the J2z
command can be invoked with the JD command. If the motor drifts, exit
the joystick mode and issue an appropriate JD command.

You can establish a trapezoidal backlash move that will occur whenever
the dead band region is traversed (i.e., a change direction). You can set the
distance and velocity for this move with the JB and Jv commands. The
acceleration for this move is determined by the last A command that was
issued before the Joystick mode was entered.
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Joystick
Commands

Command Description

AVn Anakvvoltagemquestﬁnmdwwn. Response will range from 0.000V to
2.500V.

JBanan Joystick backlash of nnnn steps

JDZ.nnn Joystick dead band in @.nanV

JVan.ann Joystick backlash compensation velocity in nn.nnn rps

Jz Joystick Zero

J1 Joystick Enable

Je Joystick Disable

OSF Set maximum joystick velocity

Multiple PC23 Addressing

50

Multiple PC23s can be synchronized by using one master clock. By
connecting the adapter boards of each PC23 via the RMCLK connectors and
by using the MSL command to specify the master/slave relationship of the
different axes, any number of PC23s can then be made synchronous. As
identified in the following figure, synch connections for PC23s with
serial numbers <3490 are d{fferent than for those with serial
numbers >3491.

The following table lists parts and tools needed to make your
synchronization cable.

20-22 AWG wire

AMP connectors

Tools:
Manual tool for double row connector
Conversion kit for single row connector
Single row 4 position (cover)
Single row 4 position (housing)
Double row 8 position (kit)

FOR PC23s WITH SERIAL NUMBERS 3490 AND BELOW:

lumonolimuavo
s 1.
oMo e ( N N . ( X N N J Jd
1
oOWeoo 0000 X N A AKX, 09000 00
} L Master 10 next slave 2 | From Master
Slave Output - (J1 Pin 1 '
T RMCLK Connector Pins

Master Output + (J1 Pin 5)

Adaptor Box

Master Output - (J1 Pin 6)
Slave Output + (J1 Pin 2)

Master to first slave Master 10 next slave
3] 11
0000 N N N J L’ 0000 2 1
1
o000 0000 0009 000600 0000 000
4 L2 ]
astor Quiput (170 1) RMCLK Connector Pins From Master

Master Output + (J1 Pin 3)

Adaptor Box

Stave Output - (J1 Pind}
Slave Output + (J1 Pin 2)

RMCLK Input - (J2 Pin 2)

PC23 Indexer User Guide

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



Your program will need to write to a different address for each PC23 used.
For example, by writing the following commands to address 768, you can
designate axis 1 of this address as the master:

Command Desenption

02 Enter axis 1 in the ime-distance streaming mode
TD10 Set update 1 once every 10 ms

MSL1XX Use the axis 1 intemal clock

SDFF00 Loop an infinite number of times

8D8064 Move CW 100 steps

SDFF80 End loop

These commands will cause axis 1 to enter the streaming mode and
designate it as the master axis. Axes 2 and 3 are not in the streaming
mode and no master/slave relationship exists. The update period 1is set to
10 ms and 100 CW steps will loop indefinitely. Notice that the clock has

not been set yet, (with the MSS command).

By writing the following commands to address 772, you can designate axes
1, 2, and 3 of this address as slave axes:

Command Description

102 Enter axis 1 in the time-distance streaming mode
2Q2 Enter axis 2 in the time-distance streaming mode
3Q2 Enter axis 3 in the time-distance streaming mode
1TD1@ Set axis 1 update interval to 10 ms

2TD1g Set axis 2 update interval to 10 ms

3TDig Set axis 3 update interval to 10 ms

MSLOSS Slave axes 1, 2, & 3 to an external clock
SD8Z6480648264 Move all axes 100 CW steps

These commands are identical to the commands given to the master axis,
except that these 3 axes are slaved to an external clock, (i.e. the other
PC23). Note that if you enter an MSS command to start the master clock
of the PC23 at this address (772), nothing would happen because the
master clock 1s on the PC23 at the other address (768).

To start the master clock by writing to address 768, enter the MSsS
command. This will initiate movement on Axis 1 (at address 768) and
axes 1, 2, and 3 at address 772. Send an MSLXXX command to address 768
to stop both the master and slave axes. MSS will start them both moving
again: however, true synchronicity will be lost. To maintain true
synchronicity, MSLxxX should be sent to both the master and slave
addresses. Then, when the MSS command is sent to the master address,
they will both be synchronous again.

X-Y Linear Interpolation

To move multiple orthogonal linear axes in a straight line, you must
make all the axes start, finish accelerating, start decelerating, and stop, in
a synchronized fashion.

The simplest case involves producing a 45° angle line of movement with
two axes. Both axes (X and Y) are given the same velocity, acceleration,
and distance parameters (to produce other angles, these three parameters
must be proportionally scaled).

Typically, the task is to derive appropriate move parameters to get from
the current location to a new location, where each position is specified by
a set of Cartesian coordinates. Linear acceleration and velocity are
specified.

In the following example, the incremental distance parameter for each
axis is the difference between the target position coordinate and the
current position coordinate for that axis. The ratio of incremental
distance for one axis to that of the next establishes the ratio of the
respective accelerations and velocities. Linear acceleration and velocity is
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Example

the vector sum of these components. The Pythagorean theorem provides
the formula for calculating the velocity.

The two-axis X-Y positioning system must move from its current position
to a new position at a linear speed of 1 inch/second (VL = 1). A motor
velocity of 4 rps translates to 1 mchéscc (ips) on both axes. Acceleration
on any axis must not exceed 100 rps2. The following procedure is used to
determine the move parameters:

Current Position: x; = -60,000 Target Positlon: x; - 180,000

Yg = 200,000 Yy = 20,000
O] Determine incremental distances {p) and the ratio:

X axis distance =1x; - Xp = +240,000 = D+242200
Y axs distance =Y, - Yg = -180,000 = D-180020
Ratio = Y/X = -0.75

@ Determine the velocity (v} settings:

Velocity ratio = vy = 0.75(Vy)

Pythagoras = v, 2 = Vy2 + Vy?

Substitution = v;? = Vx2 + (0.75(Vx))2 = 1.56(Vx?)

vy? = vp2/1.56 - 0.8006ips = 3.20rps = v3.20

Vy = 0.75(Vx) = 0.6004ips = 2.40rps = Vv2.40
®  Determine the acceleration {A) settings:

Acceleration ratio =Ay = 0.75(Ay)

Ay = 100 rps? = AlQ®

Ay = 75 rps? = A7S

(Specific proportional acceleration values may be calkeulated in the same way the

velocity is calculated above)

@  Enter the commands derived from steps 1 through 3 above:

Command Description

12102 Set acceleration on axis 1 to 100 rps2
1v3.@24 Set velocity on axis 1 to 3.024 rps
1D240000 Set distance on axis 1 to 240,000 steps CW

2A75 Set acceleration on axis 2 to 75 rps
2v2.268 Set velocity on axis 2 to 2.268 rps
2D-180000 Set distance on axis 2 to 180,000 steps CCW

Once these commands are entered, the PC23 is ready to make the synchronous move (by

igsuing the G12 synchronous Go command) subject to the requirements discussed
below.

When polar coordinates are used, the distance to the endpoint (radius) and
the angle from the X axis are known. In this case, the distance (D) for the
X axis is equal to the radius multiplied by the cosine of the angle. The
distance for the Y axis is equal to the radius multiplied by the sine of the
angle. The X and Y velocity and acceleration parameters may be derived
from linear parameters in the same way.

Using Interrupts

52

The PC23 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 27/28, located just above the edge
connector on the PC23 indexer card, determines which interrupt request
line is activated. Installing a jumper on the JU27 pins selects IRQ3, and
installing a jumper on the JU28 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.
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8259 Interrupt
Controller Chip

Interrupt
Vector

Interrupt
Commands

Use the following procedure to enable the 8259 interrupt controller chip:
® Read in the current interrupt mask register (IMR) located at the 1/0 address
{21 HEX).

@ Clear the appropriate bit to enable the interrupt hardware (IRQ3 = bit #3,
IRQ4 = bit #4).

@ 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 neaw IMR */

The IRQ3 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 2¢2@:#@2C to point to he interrupt service routine. For IRQ4,
modify the 4 bytes at memory address 2292 : 2@382.

Usually, IRQ3 and IRQ4 are assigned to the computer’s serial ports, COM 2
and COM 1 respectively. Therefore, when making changes to these vectors,
take care to avoid conflicts with communication cards that may
require these vectors.

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 *) pc23_irq3; /* pc23_irq3 is the name of the interrupt

service routine */

You can activate the PC23's interrupt output based on several 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

tgolxiu'lltion is met. The possible interrupt-on-condition functions are as
ollows:

Interrupt on Trigger #1 high (QSA command)

Interrupt on Move Complete (0SB command)

Interrupt on Encountered Limit Switch (QSD comunand)
Interrupt on Ready to Respond (QSE command)
Interrupt on Command Buffer Full (QSG command)
Interrupt on Motor Stall (QSH command)

cooooo

The QR command reports which interrupt-on-condition functions have
been selected with the @sa through QSH commands. The QI command
reports which interruptible conditions are active. The @I command
always shows a response to in position (QSB1), even if the interrupt is not
enabled (@sB2).

You can take advantage of the PC23's interrupt capabilities without
actually generating any host interrupts. This is done by arming whatever
interrupt conditions are desired for each axis, and then polling the status
byte (SB) to see if the Interrupt Active bit (bit #6) is set. Then, each axis
must be polled with the QI command to determine the source of the signal.

@ Application Design 53

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



Clearing the

Interrupt Signal

Once an interrupt signal is generated, two steps are required to remove
that signal. First, the hardware device (latch) which holds the signal must
be cleared. This calls for toggling the Reset Interrupt Output bit (bit #6) in
the control byte (CB). Second, the host must acknowledge the interrupt.
This calls for toggling the PC23's Interrupt Acknowledge bit (bit #3) in the
CB.
The following is example code used to clear an interrupt:

int po23addr = 0x300; /* HEX 300 = decimal 768 */

int 1;

outportb (po23addr+l, 0x20); /* clear bit 6 to restore hardware

interrupt */

for (i=1;4i<200;1++); /* time delay for strobing bit 6 low */

outportb (pc23addr+l, 0x68); /* set bit 4 to acknowledge interrupt */

while ( (inportb(pc23addr+l) & 0x40)); /* wait for interrupt signal to go low */

outportb (poc23addr+l, 0x60); /* 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 exemplified below:
outportb (0x20, 0x20); /* clear interrupt from 8259 chip */
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C H A P T E R @

Software Reference

The information in this chapter will enable you to:
Q Identify the four types of commands in Compumotor's X-Series Language

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

Command Format Description

The following section describes the format of the command descriptions
used in this chapter. The numbered arrows refer to the numbered sections
below the drawing.

Set Acceleration Verslon

Type Motion Attributes /©
Syntax <d>An [x] Buffered

Units n is rps? { ] Device specific
Range 0.001 {0 999.99 [x] Saved independently
Default 100 [ ] Saved in sequences

Responses None
See also D,V,.G

The acceleration command specifies the acceleration rate used for subsequent moves (6 command). The
acceleration remains set until you change it again. You do not need to reissue this command for
subsequent Go (G) commands. Acceleration outside the valid range cause the acceleration to remain in
previous valid acceleration setting. The PC23 Indexer uses the same value for deceleration.

Command Description

A100 Set the acceleration rate
Vio Set the velocity

(0317 % % %} Set the move distance
G Start the move
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Command ldentifier

The letter or letters used to represent the command.

Command name

This name used to refer to the command. For example, Acceleration for
the A command.

Version

The revision of software in the PC23 Indexer when the described command
was first introduced or last modified. If the revision level of the software
you are using is equal to or greater than the revision level listed here, the
command is available in your unit. You can determine the level of
software in your PC23 Indexer by issuing the Revision Level (RV)

command.

Characteristics

The following sections describe the main characteristics of the command.

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

Set-Up:

These commands define Set-Up conditions for the
application. Set-Up commands include the following types
of commands:

Q Homing (go home acceleration and velocity, etc.)

QO Input/Output (limits, scan time, in-position time, etc.)
O Tuning (servo or position tracking)

O 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.

Status: Status commands respond (report back) information.
Motion: Motion commands affect motor motion (for example,
acceleration, velocity, distance, go home, stop, direction,
mode, etc.)
Syntax This field shows the syntax for the command. PC23 Indexer commands

use the following generic syntax: acspd

Variable a

Variable ¢
Variable s

Variable p

Variable d

This variable is the device address. if the address is optional it is shown in
angle brackets: <d>. Only commands which require the PC23 Indexer to send
a response require a device address. All commands may use a device address
to designate which unit on a daisy chain the command is intended for.

This variable is the command identifier, which is one or more letters.

This variable represents a sign. A sign is not allowed for all commands. The s
is not shown in the syntax if not allowed.

This variable represents the parameters the command requires. There may be
zero or more parameters. If the number of parameters is zero n is not shown in
the syntax

This variable is the end of command delimiter. This is always required and is
not shown in the following descriptions for clarity. The delimiter may be a
space character or a carriage return.

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

Default

Response

See Also

Attributes

Buffered

Device specific

Saved always

Saved in
sequences

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.

The response to the command is shown in this box. Status commands
report a condition in the indexer. Status commands do not affect the
status they read.

Commands that set parameters report the parameters when the command
is issued without a parameter. For example, A19@ sets the acceleration to
100 rps, but 1A returns the current setting. Note: To receive a response, a
device address is required.

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

Each command has attributes as shown below.

Attributes

(x] Buffered

[ ] Device specitic

[x] Independently saved
[ ] Saved in sequences

If the Buffered box is checked the command is buffered. If it is not
checked the command is acted on immediately. Buffered commands are
executed in the order they are received. An internal buffer, or storage
area, holds the commands in a queue until the previous command has
been executed.

Immediate commands are executed as they are received. Immediate
commands are executed even if the command buffer has commands in it.
For example, the Stop (S) command is immediate. When a Stop command
is received the motor is stopped as soon as the command is received. The
PC23 Indexer does not process the commands in its command buffer
before stopping the motor.

If the Device specific bax is checked the command requires a device
identifier. If it is not checked the cornmand may be used with or without a
device identifier. Commands which are device specific are normally
Status commands. Device specific commands have a syntax description
with a d by itself before the command. If it is not device specific the
command syntax description has a <d&> in angle brackets before the
command.

If the Independently saved box is checked the parameter controlled by the
command is always saved. This differs from commands which may only
be saved in sequences and those which are never saved. If neither the
Saved always nor the Saved in sequences box iIs checked the command is
never saved.

If the Saved in sequences box is checked the command will be saved only
if it is in a sequence and you issue the Save command (sv). If neither the
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Saved always nor the Saved in sequences box is checked the command is
never saved.

® Description
A description of the command appears in this area along with any special
considerations you should know about.

@ Example

An example of how to use the command appears in this area. The left
column contains the commands you would issue to the PC23 Indexer. The
right column contains descriptions of what the commands do in the

program.
Alphabetical Command List

B R R R R R ISR

A Set Acceleration Version A

Type Motion Attributes

Syntax aAn {x] Buffered

Units n = rps? [ ] Device specific
Range 0.01 to 999.99 (Motor dependant) [ } Saved independently
Default 100 [ } Saved in sequences
Response None

See also D, V, G

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 ¢ commands. Accelerations outside the valid range cause the acceleration to remain in

previous valid A setting.

Command Description

>MN Set to Normal mode

>A5 Set acceleration to 5 rps2

>V Set velocity to 10 rps

>D122ed Set distance o 10,000 steps

>G Execute the move (Go)

AB Report Analog Voltage (Binary) Version  B3X

Type Status Attributes

Syntax aABn [ ] Buffered

Units n = channel [ ] Device specific
Range 0-3 [ 1 Saved independently
Default None [ ] Saved in sequences
Response nn (two ASCII characters)

See also AV

Read the analog input voltage on channel number n referenced to analog input ground and respond in
binary value. The analog voltage request responds with two bytes. The first byte is the A/D channel number
(analog channel 0 through 3). The second byte is the 8 bit number for that channel on the joystick's A/D
converter.

The 8 bit number corresponds to values between 0 and 255. Since the analog input voltage ranges between
0-2.5VDC, the binary reading will approximately correspond to the voltage on the input.

This command is very useful for quickly reading the analog input voltage.

Command Description/Response
AB1 Reports voltage on Channel 1
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AV | mﬁeport Analog Voltage (ASCII) Version A

Type Status Attributes

Syntax aAVn [x] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None { ] Saved in sequences
Response CHa:n.naV

See also AB

Read the analog input voltage on a channel number (n) referenced to analog input ground. The response is
in ASCIL This command is necessary for joystick setup. After hooking up the joystick, read each channel
and verify that Channel 0 - Channel 1 and Channel 2 - Channel 3 are both positive. Refer to the joystick
installation procedure for test and calibration.

Command Response

AVg CHO:1.45V

B Report Buffer Status Version A

Type Status Attributes

Syntax aB [ ] Buffered

Units None [ 1 Device specific
Range None [ ] Saved independently
Default None [ 1 Saved in sequences
Response *R or *B

See also None

The buffer status command will report the status of the command buffer. The command buffer is 1,000
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 Response

1B 1:*R (more than 31 byles of the buffer are free)

C Continue Verslon A

Type Programming Attributes

Syntax ac [ ] Buffered

Units None [ 1 Device specific
Range None [ 1 Saved independently
Defauit None [ ] Saved in sequences
Response None

See also PS, U

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 Walt for Continue (0)
command, you can clear it with a ¢ command. This command is useful when you want to transmit a string
of commands before you actually need to execute them.

Command Description

PS Pause execution on axis #1 unti! the indexer receives a C command
MC Set 1o Continuous mode

AS5 aaooeleranog 105 rps?

vs velocity 10 5 rps

G Execute the move (Go)

T1g Wait 10 seconds after the move

v Set velocity 10 2610

G Decelerate the motor 10 zero velocity

c Start executing commands in buffer
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CG Set Correction Gain Version A

Type Set~-Up Attributes

Syntax acGn [x] Buffered

Units n = gain [ ] Device specific
Range 0-8 [ ] Saved independently
Default 8 [ ] Saved in sequences
Response None

See aiso FSB, FSC, CM, MV

This command allows you to set the amount of error (steps) that should be corrected on the initial position
maintenance (Frsc1 command) correction move (which takes place whenever the motor is stationary ). This
function is only valid in the Encoder Step mode (rsB1 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 a 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 Duerm

FSB1 Seto Step mode

FscCl Enable position maintenance while the motor is stationary

cG3 The system corrects 3/8 of the final-position eror on the initial correction move

CR Carriage Return Version A

Type Set-Up Attributes

Syntax aCR [x]} Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See also None

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.

Command Description
MN

Set to Normal Mode
MPA Set to Absolute Position mode
AS Set acceleration to § rps2
vs Set Velocity 10 5 rps
D5@@ Set distance 10 5,000 steps
G Execute the move (Go)
CR Send a carriage retum at the end of the move
D Set Distance Version A
Type Motion Attributes
Syntax aDn [x] Buffered
Units n = steps [ ] Device specific
Range 0 - $99,999,999 { 1 Saved independently
Default 25,000 [ ] Saved in sequences
Response None
See also A, V, G, MN

The Distance () 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 (MPI or rsag), the value set with the D
command will be the distance (in steps) the motor will travel on all subsequent ¢ (Go) commands.

In absolute mode (MPA or rsal), 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 b command The Distance (p)
command has no effect on continuous moves (MC}.

Command Description

2MN Set 1o Normal mode

2A5 Set acosleration to 5 ps2
2vio Set velocity o 10 rgo
2D52000 Set distance 10 50,000 steps
26 Execute the move (Go)
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DB § e F Dead’Ban d . Vergion A

Type Set-Up Attributes

Syntax <a>DBn [x] Buffered

Units n = Encoder Counts [ ] Device specific
Range 0 - 999999 [ ] Saved independently
Default 0 [ ] Saved in sequences
Response None

See also DW, FS

Once the initial move is completed, position maintenance will determine if a position error condition exists.
The error is expressed in terms of Encoder Counts. If the error exceeds the DB setting ( in either direction)
position maintenance will generate a correction move, in the appropriate direction, based on the DGn and

CMn settings.

Position maintenance will remain active and correction moves will continue to be generated until a FSC@
command is issued by the host.

The maximum allowable DB setting is 999999. Any attempt to exceed the maximum will leave the previous
setting unchanged.

DPA  Display Position Actual Version A

Type Status Attributes

Syntax <a>DPA<n> [ ] Butfered

Units n = steps [ ] Device specific
Range None [ 1 Saved independently
Default None [ ] Saved in sequences
Response None

See also PR, P, PX, W

The Display Position Actual (DPA) command displays the actual position in feedback steps. The function is
canceled by sending any single ASCII character to the indexer.

Command Description

DPA Continually report the actual position of axis #1

2DPAl Reports the actual position of axis 2, one time

DW Set Dead Band Window Version A

Type Set-Up Attributes

Syntax <a>DWn [x] Buffered

Units n = Motor steps (FSB@) or Encoder Counts (FSB1) [ ] Device specific
Range 0 - 999999 [ ] Saved independently
Default 250 [ ] Saved in sequences
Response None

See aiso FSB

This command specifies a backlash deadband. The deadband compensates for mechanical systems with
backlash and allows use of the Stall Detection features. Stall detection occurs when the position error
exceeds the backlash setting.

Command Description

FSBl1 Enter gcoder mode

D25922 Set distance 10 25,000 encoder counts
DW1o2 Allow 100 counts of error

G Execute the move (Go)
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ER  Set Encoder Resolution T Version A

Type Set-Up Attributes

Syntax akERn [x] Buffered

Units n = encoder steps [ 1 Device specific
Range 1 - 50,000 [ ] Saved independently
Defauit 4,000 [ ] Saved in sequences
Response None

See also FS commands

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 (quadrature) 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.

If you are not sure what the resolution of the encoder is, you may do the following to find the encoder
resolution.

® Zero the position counter using the Pz command.

@ Move the motor 1 revolution in motor mode (rspg).

® Read the encoder position (pX) command. This reading indicates what the resolution will be.
Repeat this several times and use the average value as the ER command.

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

Command Description

2ER802Q Set encoder resolution 1o 8,000 steps on axis #2.

FR Report Encoder Functions Version A

Type Status Attributes

Syntax aFR [x] Buffered

Units None [ ] Device specific
Range 0 = function off, 1 = function on [ ] Saved independently
Default 0 [ ] Saved in sequences
Response a:nnnnnnnn

See also FS commands

This command allows you to request the status of rs 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 Fs function is on. Zero (¢ ) means an Fs function is off.

A Incremental = OFF (@), Absolute = ON (1). Defines the move distances (p) 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.

D Terminate Move on Stall Detect = OFF (@), = ON (1). Instructs the indexer to abort a move if it detects a
stall. '

E Twm on Output on Stall Detect = OFF (@), = ON (1). Instructs the indexer to turn an output on if it
detects a stall.

F Multiple axis stop = OFF (@), = ON (1). Instructs the indexer to abort any move if a signal is received on
the Trigger #6 input . If output on stall is enabled (rsE1), the indexer will also turn on an output when
a trigger is seen.

G Reserved

H Reserved

Command Response .

1FR 1:11000000. Axis 1is in absolute encoder step mode. All other F's functions are OFF.

62 PC23 Indexer User Guide

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



AR

FS A " Set Absolute/Incremental Positioning Mode Version A

Type Set~Up Attributes

Syntax aFSAn [x] Butfered

Units n = function [ 1 Device specific
Range 0 = off, 1 = on [ ] Saved independently
Default ] [ 1 Saved in sequences
Response None -

Ses aiso FR, MPI, MPA, PZ, PR

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

rsag = [ncremental mode (equivalent to MPI command)
FsAl = Absolute mode (equivalent to MPA command)

In Incremental mode (Fsag or Mp1), 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 (rsai or Mpa), 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 (p2)
command.

Command Description

MN Set o Normal mode

FSAl Set Indexer 10 absolute mode

PZ Resat the absolute counter to zero

AS Set acceleration to 5 rps2

v5 Set velocity 10 5 rps

D25208 Move motor to absolute position 25,000
G Execute the move (Go)

D52288 Move motor to absolute position 50,000
G Execute the move (Go)

The motor moves 25,000 steps, and an additional 25,000 steps to reach the absolute position of 50,000.

FSB Set Motor/Encoder Step Mode erslon

Type set-Up Attributes

Syntax aFSBn [x] Buffered

Units n = function [ ] Device specific
Range 0 = off, 1 on [ 1 Saved independently
Default ] [ ] Saved in sequences
Response None

See also D, ER, FR, FSC, MR

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

FSBg = Motor step mode
FsBl = Encoder step mode

In Motor Step mode, the distance command (D) 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.

If you enable encoder step mode (FsB1), without having the encoder connected to the PC23, upon receiving
a Go (6) command, the motor will drift at low velocity. This drift is a result of the PC23 not receiving
encoder pulses properly.

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

Command Description

ER4200 Set encoder resolution 10 4,000 post-quadrature encoder pulses
FSB1 Set b Encoder Step mode

&5 Set accoleration to 5 rps2

vs Set velocity 0 5 rps

DARSS Set distance 1o 4,000 encoder steps

G Execute the move (Go)
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X3

ition Maintenance Version A

SRS

ESC  Enable Pos

Type Set-Up Attributes

Syntax a¥FSCn [x] Buffered

Units n = function [ ] Device specific
Range 0 = off, 1 =on [ ] Saved independently
Default 0 [ ] Saved in sequences
Response None

See also ER, FR, FSB, FSD, CM

This command enables and disables the position maintenance function.

rscl = Enable Position Maintenance
rscg = 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 enabled position maintenance (rsci) and the motor drifts, the encoder may not be connected
properly. The motor will drift at 0.1 rps per revolution.

CAUTION

If you are making a move with position maintenance enabled and the encoder is disconnected, the PC23 will continue to output pulses
trying to find the desired position. Consequently, the PC23 could conceivably output pulses forever, or untll a limit is encountered.
F;:r nta'bty reasons, you uld enable Stall Detection (0sE1) and Stop On Stall (FSD1) to ensure that the motor will stop if such a
situation occurs.

Command Description

ER4@08 Set encoder resolution o 4,000

FSB1 Set 1o encoder step mode

OSE1l Enable stall detection

FSD1 Enable skop on stall

FSCl Enable position maintenance

FSD Enable Stop on Stall Version A

Type Set-Up Attributes

Syntax aFsSbn {x] Buffered

Units n = function [ 1 Device specific
Range 0 = off, 1 = on [ 1 Saved independently
Default 0 [ ] Saved in sequences
Response None

See also ER, FR, SS, OSE

This command enables and disables the Stop on Stall function.

rspl1 = Enable Stop on Stall
Fsbg = Disable Stop on Stall

Entering rsp1 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

(ose1). It will have no effect otherwise.
Stall detection will work in either motor step mode (FsB@) or encoder step mode (FSB1).

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

Command Description

ER200% Set encoder resolution to 2,000 steps/rev
OSEl Enable stall detect function

FSD1 Enable stop on stall
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FSE Er;abl Output #6 on Stall Version A

Type Set-Up Attributes

Syntax arskn {x] Buffered

Units n = output, on/off [ 1 Device specific
Range 0or1l [ ] Saved independently
Default 0 [ ] Saved in sequences
Response None

See also sS, ER, FR, FSF

rseg = Do not enable Output #6 on stall
Fse1 = Enable Output #6 on stall

Entering rsz1 will cause the indexer to turn on Output #6 when a stall is detected. This i1s useful for
signaling other components in you system that a stall has occurred. This command will only be valid if

Stall Detect (0sE1) has been enabled.
Output #6 is unaffected by a stall when rsgg and 0sE1 are entered.

Command Description

ERASSD Set encoder resolution 10 4,000 stepe/irev
OSE1 Enable stall detect

FSE1l Tum on output number 4 when a stall is detected

FSF Enable Stop on Trigger #6 Version A

Type Set-Up Attributes

Syntax aFsFn [x] Butfered

Units n = function [ ] Device specitic
Range 0 =off, 1 = on [ ] Saved independently
Default ] { ] Saved in sequences
Response None

See also FR, TR, TS

This command enables and disables the Stop on Trigger function.

FsF¢ = Do not terminate move on Trigger #6
FsF1 = Terminate move when Trigger #6 is high

Entering rsr1 will cause any move in progress to be stopped whenever Trigger #6 is brought high. For
multiple axis application, setting up another unit to turn on Output #6 when it detects a stall, enables the
user to implement a multi-axis stop on stall by connecting the output of one axis to the trigger of the other.
The move will be decelerated at the maximum acceleration rate.

Entering FsF@ causes the indexer to treat Trigger #6 as a standard trigger input.

Command Description

FSF1 Trigger #6 is now dedicated as a remote stop input

G Go Version A

Type Motion Attributes

Syntax aG [x] Buffered

Units None [ ] Device specific
Range None [ 1 Saved independentiy
Default None [ ] Saved in sequences
Response None

See also A, D, V, FSA, FSB, MA, MC, MN

The Go (6) 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 (p}, or the current mode (MN,
MA, or N¢) commands with each ¢ command. In the Incremental Preset mode (MpI), a ¢ command will
initiate the steps you specified with the b command.

A ¢ command in the Absolute Preset mode (Mpa) will not cause repeated motion unless you enter a change
in distance (D command).

In the Continuous mode (M¢), you only need to enter the Acceleration (A) and Velocity (v) commands prior
to the ¢ command. The system ignores the Distance (p) command in this mode.
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No motor motion will occur until you enter the ¢ command in the Normal (My}, the Continuous (xc), or
Alternating (MA) mode.

If motion does not occur with the ¢ command, an activated end-of-travel limit switch may be on, the indexer
is waiting for a trigger input (TR), or the indexer is in a pause state (ps, U) and waiting for a continue (c).
Check the limit switches.

Command Description

1MN Seto

FSAQ Set o Incremental mode
FSB@ Set Mokor Step mode
1a5 Set acceleration to 5 rps2
1a5 g accsbmlog to 5 rps?
1ivs t velocity to

1025000 Setdsmbzzgooswps
icG Execute the move (Go)
1a1 Set acceleration & 1 rps2
16 Exacute the move (Go)

Assuming the indexer is in Incremental Preset mode, the motor turns 25,000 steps and repeats the 25,000-
step move using the new acceleration value of 1 rps(Total distance moved = 50,000 steps).

Gnnn Go (Synchronized) Version A

Type Motion Attributes

Syntax aGnnn [x] Buffered

Units n = axis [ 1 Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See also D, V, G, MN, I

This command allows you to put a special synchronized go command in each specified buffer. Each buffer
will wait until all specified axis buffers have reached the synchronized go command. Each axis should start
within 150 psec of one another. Typically it is used to synchronize moves between more than one axis but
it may also be used to synchronize two axes buffers (by issuing a zero distance move). The command may
also be used to do simple multi-axis linear interpolation.

You should not send a new G or 6123 command until motion is completed.

Command Description
Gl12 Synctwonize Axis #1 and #2 o start moving together

GA Go Home Acceleration Version

Type Motion Attributes

Syntax aGan [x] Buffered

Units n = rps? { ] Device specific
Range 0.01 to 999.99 [ ] Saved independently
Default 10 [ ] Saved in sequences
Response None

See also GH, OS

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

Command Description
2GAS Setsgohomeaa::celerau'monaxis#ZbSrps2
2GH-5 The motor accelerates at 5 rps? 1o 5 rps in the CCW direction and searches for home
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G H Go Home Version

Type Motion Attributes

Syntax aGHsn [x] Buffered

Units n=rps? s =% [ 1 Device specific
Range 0.001-20 (25,000 step/rev motor) [ ] Saved independently
Default [ ] Saved in sequences
Response None

See aiso A, GA, OS, PZ

The Go Home (¢B) 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 6B 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.

The position counter is set to zero at the conclusion of the go home move.
Command Description

GH-22 The motor moves in the CCW direction at 20 rps and looks for the Home Limit input to go active

I\H Backspace Version A

Type Programming Attributes

Syntax ~H [x] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ } Saved in sequences
Response None

See also None

This command allows you to delete the last character that you entered (unless it was a delimiter). The ~ =&
command will not prevent execution of an immediate command. A new character may be entered at that
position to replace the existing character. (~E indicates that the Ctrl key is held down when the B key is
pressed.) This command prompts the indexer to backup one character in the command buffer, regardless
of what appears on the terminal. On some terminals, the Ctrl and the left arrow <-- keys produce the
same character. Pressing the delete key does not delete the previous character.

H Set Direction Version A

Type Motion Attributes

Syntax <a>H<s> [x]) Buffered

Units s = direction [ 1 Device specific
Range + { ] Saved independently
Default + [ ] Saved in sequences
Response None

See also None

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

Q H+ Sets move to CW direction

Q H- Sets move to CCW direction

] H Changes direction from the previous setting

a CcW Direction of motor rotation when viewed from the front face
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In preset moves, a Distance (D) command entered after the B command overrides the direction set by the &
command. In Continuous mode (Mc) only the B command can set the direction of motion.

Command Description
MN

Set 1o Normal mode

AS Set acoeleration 1o 5 rpe?

vs Setvelocity 10 5

D25009 Set distance 1 25,000 steps

G Execute the move (Go) in + direction

H Reverse diraction

G Execute the move (Go) in - direction

NC Set 1o Continuous mode

H+ Set direction © + direction

G Move continuously in + direction
S R R R 3 BB 2 2 R T BRI

I Load Move Data Version A

Type Programming Attributes

Syntax <a>I [x] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See also S$SC, Gnnn

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 (6) command. The move profile may be repeatedly executed
with only a 10 ms calculation delay until any one of the three move parameters: Acceleration (A), Velocity
(V). or Distance (p) is changed.

Without use of the 1 command, a delay of up to 30 ms per axis will occur before execution of the move.

You must keep in mind that if you issue an Acceleration (a), Velocity (v). and Distance (p) command the
PC23 will take up to 30ms to calculate the open-loop move profile. Therefore, the load data will be useful if
you can send the 1 command, and go elsewhere to read data, then come back to execute the Go (G)
command.

Command Description

2MN Set o Normal mode

2AS Set acceleration to 5 rps2

2Vig Set velocity to 10 rps

21 Load move data (precalculates move profile)
2TR1XXXXX Wait for trigger #1 to go high

26 Execute the move (Go)

10 Immediate Output Version

Type Status Attributes

Syntax aIOnnnnnn [ ] Buffered

Units None [ ] Device specific
Range o = off, 1 = on, x = don't care [ 1 Saved independentiy
Default None [ ] Saved in sequences
Response a:nnnnnnnn

See also 0, 0s, SS

The Immediate Output (10) command turns the programmable output bits (POBs) on and off. This can be
used for signaling remote controllers, turning on LEDs, or sounding whistles. POB #1 is controlled by the
first position after the 10, POB #2 is controlled by the second position, etc.

Type Status Attributes

Syntax als [x] Butfered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See also LD, TR, TS

This command reports the status of the inputs for the specified axis. The response is 8 characters
terminated with a carriage return. The first two characters are the axis number followed by a colon. The
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next characters are the status of 2 trigger bits, the CW limit, CCW limit, Home input and Z channels
respectively.

Axis #1: TRIG1, TRIG2, CW Limit 1, CCW Limit 1, HOME]1, Z channel 1
Axis #2: TRIG3, TRIG4, CW Limit 2, CCW Limit 2, HOMEZ2, Z channel 2
Axis #3: TRIGS, TRIG6, CW Limit 3, CCW Limit 3, HOME3, Z channel 3
Command Response
i1s 1:000011 Axis 1 has the home and z channel active
218 2:100100 Axis 2 reports TRIG3 active and that its CCW limit is active
31s 3:010010 TRIGS is active and the HOME switch is active
R R IERRRER O S R AR R AP RARLRAE R R AR R RS DRI
J Enable/Disable Joystick Version A
Type Set-Up Attributes
Syntax <a>Jdn [ ] Butfered
Units n = function [ ] Device specitic
Range 0 = disable, 1 enable [ ] Saved independently
Default J? = Immediate [ ] Saved in sequences
Response None
See also JB, JD, JV, JZ, OSF

This command allows you to enter and exit the Joystick mode.

J¢ = Disable Joystick Mode
J1 = Enable Joystick Mode

When you enter the Joystick mode (J1), the command clears the buffer before entering the mode. The
joystick is slew-rate limited by the last acceleration command. If the address preceding the command is
the first to enter the Joystick mode, the differential signal between analog channel 0 and analog channel 1
will serve as the axis reference. In joystick mode, the last acceleration and velocity rates that you specify
will be used to determine both axis' maximum velocity with full deflection and how rapidly the motor will
track the joystick movements. High velocities will result in coarse velocity resolution. Compumotor
recommends that you set the acceleration rate high to follow the joystick's movement as stiffly as possible.

The first axis to request a joystick receives channels @ and 1. The second axis to request a joystick receives
channels 2 and 3. To ensure proper assignment of an axis to the different channels, wait at least 25 ms

between J1 commands.

Command Description

1J1 Axs 1 uses differential voltage Channeis 0 & 1

271 Axis 2 uses differential voltage Channels 2 & 3

foeas R0S000002

JB Set Joystick Backlash Version B

Type Set-Up Attributes

Syntax <a>JBn [ ] Buffered

Unlts n = steps [ ] Device specific
Range 0 - 999 [ ] Saved independently
Defaulit 0 [ ] Saved in sequences
Response None

See also JB, JD, Jv, JzZ

This command allows you to set the joystick backlash compensation distance in steps. If you change the
direction of the joystick, a corrective move of ann steps will be made in the new direction at the velocity you
specified with the (Joystick Backlash Compensation Velocity (3v) command. This command overcomes the
lag time that exists between changing the joystick's direction (when backlash is present) and actually
moving in the new direction.

Command Description
1Jv2 Set the maximum backlash velocity to 2 rps
10B25@ Set the backlash comective move to 250 steps
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JD  Set Joystick Dead Band

Type Set-Up
Syntax <a>JDn

Units n = volts
Range 0.000 to 0,500
Defaulit 0.500
Response None

See aiso JB, JD, Jv, J2

This command allows you to set the the dead band value (in volts). You should set the joystick dead band

Version B

Attributes

[ ] Buffered

[ ] Device specific

{ ] Saved independently
{ ] Saved in sequences

value to a voltage that allows for the mechanical hysteresis in the resistive joystick assembly.
There will be no movement between zero point set by the 3z command and this dead band voltage.

Command Description
102 Setjoysldc‘st)pon
1JD.085 pymmmsanvwwembebwﬂ\epysw&mpam

3 O R S R RSk R S P R SR P S

JV Set Joystlck Backlash Compensat:on Veloc:ty

Type Set-Up Attributes

Syntax <a>Jvn { ]} Buffered

Units n = rps [ ] Device specitic
Range 00.000 - 99.000 [ ] Saved independently
Defauit 0 [ ] Saved in sequences
Response None

See also JB, JD, JZ

This command allows you to set the joystick's backlash compensation peak velocity. This is the velocity at
which the motor will travel when it corrects a position error (backlash). You can determine the distance of

any joystick backlash move with the J8 command.

Command Description

iJv2 Set maxlmum backlash velocity to 2 rps

10B258 Set the joystick baddashmovebzso steps

JZ Set Joystlck to Zero Version B

Type Set-Up Attributes

Syntax <a>Jv [ ] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See aiso JB, JD, Jv

This command allows you to initialize the current joystick position as the zero or no movement position.
The position must be set with a differential channel voltage (restricted to 1.25 £0.25V). If you send the
command while the voltage is greater than the specified range, the PC23 will generate an error message.
Use the following equations to calculate CCW and CW velocity resolution.

Last Velocity Specified

CCW Velocity Resolution =

Zero Point - 0.01

Last Velocity Specified

CW Velocity Resolution =

Command Description
1J2 Set axis #1 zero velocity point
272 Set axis #2 zero velocity point
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Version A

Type Motion Attributes

Syntax <a>K [ ] Buftered

Units None [ ] Device specific
Rangs None [ ] Saved independently
Default None [ ]} Saved in sequences
Response None

See aiso 5

The Kill (x) command is an emergency stop command and should only be used as such. This command
causes ind 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 X command will terminate a loop, end a time delay and clear the
command buffer.

Command Description
1A5

g:tmaccebmm' 2<:naxis#1lc>.")rps2

iv2 t

1MC SetbComim?mode

16 Execute the move (Go)

1K Siop the motor instantly

L Loop Version A

Type Programming Attributes

Syntax <a>Ln (x] Buffered

Units n = number of loops [ ] Device specific
Range 0 = infinite, otherwise: 1 - 4,299,467,294 [ ] Saved independently
Default 0 { ] Saved in sequences
Response None

See also C, N, U Y

When you combine the Loop (1) command with the End-of-Loop (8) 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. Nested loops are allowed up to 8 levels deep.

Command Description

LS Loop 5 times on axis #1.

AS Set acceleration to 5 rps?

vig Set velocity to 10r§o

D1902s Set distance 1o 10,000 steps

G Enewathemova(Go&w_e .

N Specifie the above 10 top move 1o be repeated five imes

LA Limit Acceleration Version F

Type Set-Up Attributes

Syntax <a>LAn [x] Buffered

Units n = rps? [ 1 Device spacific
Range .01 - 999,99 [ ] Saved independently
Default 999.99 [ ] Saved in sequences
Response None

See also A, LD

The Limit Acceleration (LA) command allows you to define the deceleration rate that should be used when
an end-of-travel limit is encountered. This command is useful if you do not want an abrupt stop upon
encountering a Himit. However, you should be careful to specify a deceleration rate that will stop the load
before it can do any damage. Normally, limit switches are placed so that the motor has room to safely
decelerate the load.

Command : Description
LASZ The motor on axis #1 deceleratesatSOrpsZM\enitencounbrsanend«of-traval limit.
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| Version A

Type Set-Up Attributes

Syntax <a>LDn [x] Buffered

Units n = enable/disable limits [ 1 Device specific
Range 0-3 [ ] Saved independently
Default 3 [ ] Saved in sequences
Response None

See also RA

The Limit Disable (Lb) command allows you to enable/disable the end-of-travel limit switch protection. The
1o condition does not allow the motor to turn without properly installing the limit inputs. If you want
motion without wiring the limits, you must issue the LD3 command.

Enable CCW and CW limits n =0
Disable CW limits n =1
Disable CCW limits n = 2
Disable CCW and CW limits n = 3 (Default)

If you wire the limit switches, these switches will be ignored unless you enable the limit switch inputs using
the Lbg command.

Command Description

1LD® Enables CW and CCW limits on axis #1.

1LD3 Allows you 1 make any move, regardiess of the limit input state.

MA Set Mode Alternate Version A

Type Motion Attributes

Syntax <a>MAn [x] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See aiso A, D, V, G, MC, MN, SSD

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 (p) 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 (X} command.

The way the motor stops when a Stop (s) command is issued can be set by using the ssp command. The
default is so immediately stop.

Command Description

MA Seto te mode

AS Set acceleration 1o 5 rps®
v1i Set velocity to 1 %
D1ogg Set distance 10 1,000 steps
G Execute the move (Go)

The motor makes a positive move 1,000 units in the CW direction. It then reverses direction and moves
1,000 steps in the CCW direction. This motion continues until you issue a Stop (s} or Kill (x) command.

MC Set Mode Continuous Version A

Type Motion Attributes

Syntax <a>MCn [x] Butfered

Units None [ ] Device specific
Range None { ] Saved independently
Default None [ ] Saved in sequences
Response None

See aiso A, G, H, MA, MN, T, TR, V

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) or the Mode Alternate (Ma)
command.
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The indexer uses the Acceleration (A) and Velocity (v) commands to reach continuous velocity. The
direction of the move should be specified with the B+ or 8- command. Using the Time Delay (1), Trigger
(zr), and Velocity (v) commands, you can achieve basic velocity profiling.

Command tion

MNC Setto i mode
AS ss:ttaccebraﬁog\o.')rpsz
v5 velocity

72 Move at 5 brrgsseoonds
ve Change ity to 0.00 rps
H+ Setmove o C

G Exacute the move (Go)

The motor turns CW at 5 rps until it is halted by the Stop (s) command, Kill (x) command, a limit switch, or
by a new velocity specification (vg followed by a ¢ command).

EREARE

sion A

QISR

MN Set Mode Normal or

Type Motion Attributes

Syntax <a>MN [x] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Defauit None [ ] Saved in sequences
Response None

See also A, D, V, G, MC, MPI, MPA

The Mode Normal (MN) command sets the system to mode normal. In Mode Normal, the motor moves the
distance specified with the distance (p) command. To define the complete move profile, you must define
Acceleration (a), Velocity (v), and Distance (p). The My command is used to change the mode of operation
from Mode Continuous (Mc) or Mode Alternating (Ma) to the preset mode.

Command Description

2MN Set to Normal mode on axis #2
2R5 Set acceleration to 5 ps?

2vs Set velocity © 5 rgo

201200 Set distance 1o 1,000 steps

26 Execute the move (Go)

Type Set-Up Attributes

Syntax <Ma>MPA [x] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See also D, FSA, MC, MN, MPI

This command sets the positioning mode to absolute. In this mode all move distances are referenced to

absolute zero. Note that in Mode Absolute (MPA or Fsa1), giving two consecutive go (6) commands will
cause the motor to move once, since the motor will have achieved its desired absolute position at the end of
the first move.

Mode Position Absolute (MPa) is most useful in applications that require moves to specific locations.

You can set the absolute counter to zero by cycling power or issuing a Position Zero (p2) command.

Command Description

MN Set o Normal mode

MPA Set to Absolute Position mode

as Set acceleration o 5 ps®

PZ Set absolute counter to zero

vig Set velocity 10 10

D2520% Set distance 10 25,000 steps

G Move moftor to absolute position 25,000
D12598 Set absolute position 1 +12,500 steps

G Move molor 1o absolute position +12,500 steps
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Type Set-Up

Syntax <a>MPI

Units None

Range None

Default None
Response None

See also D, FSA, MN, MPA

MPI __ Set Position Incremental Mode

Vorsl.t.)r.\" A

Attributes
[x) Buffered
[ ] Device specific

[ ] Saved independently
[ ] Saved in sequences

This command sets the positioning mode to incremental. In incremental mode, all move distances

specified with the Distance (D) command are referenced to the current position. Position Incremental mode

(MPI or Fsag) 1s useful in applications that require repetitive movements, such as feed-to-length

applications.

Command Description

1MN Set o Normal mode

1MPI Set 10 Positioning Incremental mode
1aS Set acceleration to 5 rps2

1Vig Set velocity 1 10 ips

1D1@22d Set distance of move 10 10,000 steps
ic Move 10,000 steps CW

16 Move another 10,000 steps CW
MR Select Motor Resolution
Type Set-Up

Syntax <a>MRn

Units n = resolution codes

Range 0 - 46

Detfault 10

Response None

See also A, V, ER

The Motor Resolution (MR} command sets the number of steps per revolution according to the numeric suffix

Version A

Attributes
(x) Butfered
[ 1 Device specific

{ ] Saved independently
[ ] Saved in sequences

n (see table below). This command allows the indexer to control drives of different resolutions while

maintaining the commanded acceleration and velocity.

Motor Velocity Max  Puise W. PC23 Motor
Resolution (rg;) {usec) command Resolution
X0 1 15 MRO 101600
400 &0 15 MR1 63488
80 B 75 MR2 76800
1000 100 4 MR3 81920
1600 €0 4 MR4 102400
3200 78 2 MR5 126976
5000 100 1 MR6 128000
6400 B 1 MR7 153600
10000 0 1 MRS 163840
21600 3 1 MR9 204800
25000 o) 1 MR10 253952
25400 195 1 MR11 256000
36000 138 1 MR12 307200
50000 10 1 MR13 327680
50800 98 1 MR14 409600
4006 12 1 MR15 507904
12800 £ 1 MR16 521000
25600 195 1 MR17 614400
12500 40 1 MR18 655360
16384 K] 1 MR19 819200
20000 S 1 MR20 1024000
25000 80 -] MR21 2000
50000 0 -] MR22 4000
100000 .o} 2 MR23

Velocity Max
(l'%‘)
15
13
A
19

15
15

Pulse W.
(}weczs )

~ahikeBoB-RRRkRrRRRBE

PC23
command
MR24
MR25
MR26
MR27
MR28
MR29
MR30
MR31
MR32
MR33
MR34
MR35
MR36
MR37
MR38
MR39
MR40
MR41
MR42
MR43
MR44
MR4S
MR46

The motor resolution you select does not determine the resolution of the motor. The motor/drive

determines the resolution of the system. You use the MR command to match the motor/drive to your system,
so that you can program your acceleration (a), and Velocity (v} in revolutions.

Command Description

MN Set o Normal mode

MR1 Set motor resolution o 400 steps/rev
AS Set acceleration 1o 5 rps2

vig Set velocity © 10 rps

D822 Set distance of move to 800 steps

G Execute the move (Go)

74 PC23 Indexer User Guide

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



A 400 step per revolution motor/drive will turn 800 steps (two revs) CW at an acceleration of 10 rps2 and a
velocity of 10 rps after the ¢ 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.

B SRR SRB2% RRRES £P28ROIR3ES £3008

MSL Identify Clock Source for Timed Data Version A
Streaming Mode

Type Set-Up Attributes

Syntax <a>MSLnjnanj [ ] Buffered

Units value for each [ 1 Device specific

Range 0, 1, 2, 3, or x [ ] Saved independently

Default None [ ] Saved in sequences

Response None

See also Mss, TD, SD, Q&, Q2, Q3

The Identify Clock Source for Timed Data Streaming Mode (Ms1) command sets the Source/Receiver
relationship for clock source for each axis in the timed data streaming mode. The following table defines
the relationship for each axis. Any axis not in timed data streaming mode can still receive and execute
other motion commands.

n Valueof n Mode
ny Q Axis #1 is a slave and uses the extemal rmclk

ny 1 Axis #1 is a master and uses its internal rmclk

ny 2 Axis #1 is a slave and uses axis #2's mclk

n 3 Axis #1 is a slave and uses axis #3's rmclk

ny X The X axis is not in the timed data streaming mode and no master/slave specification is necessary

np 7] Axis #2 is a slave and uses the extemal mclk

n 1 Axis #2 is a slave and uses axis #1's rmclk

n 2 Axis #2 is a master and uses its intemal rmclk

no 3 Axis #2 is a slave and uses axis #3's mclk

n X Axis #2 is not in the timed data streaming mode and no master/slave specification is necessary

3 %] Axis #3 is a slave and uses the extemal rmclk

3 1 Axis #3 is a slave and uses axis #1's mclk

3 2 Axis #3 is a slave and uses its intemal rmclk

n3 3 Axis #3 is a master and uses axis #3's mclk

3 X Axis #3 is not in the timed data streaming mode and no master/slave specification is necessary

Command Description

NSL12X Axes #1 and #2 are in Timed Data Streaming mode. Both are masters, Axis #3 is independent.

MSL@XX Axis #1 is in Timed Data Streaming modeAxis #1 is a slave 1 the extemal RMCLK.

MSS Start Master Clock for Timed Data Streaming  Version A
Mode

Type Programming Attributes

Syntax <a>MS$ [ } Buffered

Units None [ ] Device specific

Range None [ } Saved independently

Default None [ ] Saved in sequences

Response None

See also MsL, TD, SD, 0@, Q2, Q3

The Start Master Clock (Mss) command will cause the clocks on any master axes to start (Initiate Motion).
If Profiling (sb) commands are stored in the buffer, entering the Mss command causes execution of these
moves. Subsequent Streaming Data (sp) commands will be executed sequentially in a buffered manner.
Care must be taken to not overflow these buffers. If the buffer is empty. no motion will result during the
particular update interval.

Command Description .

102 Set axis #1 1o Time Distance mode

1TDR6 Set updale interval 1o 6 ms . o

MSL1XX Set axis #1 as a Master, using its intemal rate multiplier clock. Axis #2 and #3 are notin the ime distance mode.
sp8@28 Set distance to be moved dunng the first update interval.

SD8@4S Set distance 1o be moved during the next update interval

SD8g45 Set distance 1o be moved during the next update interval.

SD8@28 Set distance 1 be moved during the next update interval.

SD8@1D Set distance 1o be moved during the next update interval.

MSS Start Master Clock
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MV Set Maximum Correction Velocity Version A

Type Set-Up Attributes

Syntax <a>MVn [x] Buffered

Units n = rps [ ] Device specific
Range 0.01 - 20.00 [ ] Saved independently
Default 0.2 [ ] Saved in sequences
Response None

Ses also CG, CM, ER, FS

If the motor is running with the encoder feedback (rsB1), and position maintenance is turned on Fsci, this
command will specify the maximum velocity for correction moves.

The correction move is performed after the preset move is finished, and only when the motor is positioned
outside the dead band.

Command Description

v g:t:’s velocity 10 2

V2 t the maximum correction ity 10

FSB1 Set motion in encoder mode e

¥sSCl Set position maintenance on

s 2R Z X2 R LSRRI LI R R

N End of L p Version A

Type Programming Attributes

Syntax <a>N [x] Buffered

Units None [ 1 Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See also c, L, Ps, ¥

This command marks the end of loop. Use this command in conjunction with the Loop (1) 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. You may nest loops 8 levels deep.

Command Description

PS Pause the execution of buffered commands
MN Set ©o Normal mode

As Set acceleration to § rps®

vs Set velocity to 5 rps

D1p2og Set move distance to 10,000 sieps

LS Loop the following commands five times

Execute the move (Go)
End the loop
Clear pause and executes all the buffered commands

0 Output Version A

G
N
Cc

Type Programming Attributes

Syntax <a>Onnnnnn [x] Buffered

Units n = output [ 1 Device specific
Range 0 = off, 1 = on, x = don't change [ ] Saved independently
Defauit None [ ] Saved in sequences
Response None

See also 10, FSE

The Output (0) command turns the programmable output bits (POBs) 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. POB #1 is controlled by the first position

after the o, POB #2 is controlled by the second position, etc.

Command Description

As gmbmhog to 5 rps?

vSs velocity 10 5 rps

D222 Set move distance 1 20,000 steps

02130KX Set output 1 off and output 2 on (outputs 3 through 6 are the same)
G Exacute the move (Go)

OBSXAXX After the move ends, tum off output 2
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0,0 OutputontheFly Veraton

Type Programmable Attributes

Syntax <a>Op,Dn (see below) [x] Buffered

Units see below [ 1 Device specific

Range see below [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See also o, b

Syntax: <axis>Opppppp.Dannnnn Where p = bit pattern and n = distance

Units: p = O (off), 1 = (on), or X (don't change) for each of the programmable output bits. n = steps
Range: <a> = axis 1, 2, or 3.

p = any combination of @'s, 1's, or X's for a total of 6 bits.

The O,D command allows the user to program a specified bit pattern to appear on the outputs, at a
specified distance.

Command Description

a5 Set acceleration to 5 rps2

v5 Set velocity 0 5

D25220 Set distance o 25,000 steps

0101010 Oulputﬂ;'eepmme.géo:to1 15,000

oXXXXX1, D15200 Change output atat1d, slops

G Execute the move (Go

O1XXXXX Change the MSB to a 1 when the move is complete

The pattern 101010 will appear and remain on the outputs, prior to the move. When 15,000 steps have
been generated the output pattern will change to 101011. When the move is complete, the pattern will
change to 001011.

OR Report Function Set-Ups Version A

Type Status Attributes

Syntax aOR [x] Buftered

Units None [ ] Device specific
Range None [ 1 Saved independently
Default None [ ] Saved in sequences
Response a:nnnnnnnn (a = axis number, n = 0, 1)

See aiso os

This command results in a report of which software switches have been set by the 0s command. The reply
is eight digits. This command reports osa through 0sF setup status in binary format.

nnannnnnn

Invert encoder direction (OSA ) —
Backup to home (0SB )

Change polarity of home switch (0sC )
Change Z channel polarity {(0SD )
Enable stall detect (OSE )

Establish max. joystick velocity (OSF )
Set final Go Home direction (0sG )
Select final home position edge (0SH )

The digits (n) correspond to osa through osE commands (left to right). One (1) means an os function is on.

osA: Encoder Direction = Normal (&), = Inverted (1).

0sB: Backup to Home = Disabled (@), = Enabled (1).

0SC:  Active State of Home Input = High (@), = Low (1).

0SD:  Active State of Z Channel = High (@), = Low (1).

0SE: Enable Stall Detect = Disabled (@), = Enabled (1).

OSF:  Set Max. Joystick Velocity = Use max. velocity (@), = Use last specified velocity (1).
0sG: Final Go Home Direction = CW (@), = CCW (1).

OSH:  Select Final Home Position Edge =CW (@}, = CCW (1).

Command Description
10SAl Inverts the encoder direction for axis #1.
10R Response is 1: 12220022
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OSA  Set Encoder Direction Version A

Type Set-Up Attributes

Syntax <a>O8An [x] Buffered

Units None [ 1 Device specific
Range 0or 1l [ ] Saved independently
Defauit 0 [ ] Saved in sequences
Response None

See also FSB, OR

Entering osAl inverts the up/down count direction of the encoder. It causes the motor to expect encoder
pulses back in the opposite direction of the motor pulses being sent out. This is useful if the encoder is on
the load and is turning in the opposite direction of the motor due to the mechanical configuration of the
system. A typical symptom of the encoder counting in the opposite direction is, if the motor drifts at a low

velocity in encoder mode (rss1).

Entering osag will change the up/down count of the encoder back to normal if it has been inverted with the
0sAl command.

Command Description

10SAl Irvert the encoder direction for axis #1.

FSB1 Enable encoder mode

OSB Backup to Home Switch Version A

Type Set-Up Attributes

Syntax <a>OSBn [x] Butfered

Units None [ 1 Device specific
Range 0, 1 [ ] Saved independently
Default 1 [ ] Saved in sequences
Response None

See also FS, GH, OR

0sB2 = Do not back up to home switch
osB1 = Back up to home switch

If this function is disabled (0sB2}, the PC23 will consider the motor at Home if the home input is active at
the end of deceleration after encountering the active edge of Home region. If this function is enabled
{osB1), the PC23 will decelerate the motor to a stop after encountering the active edge of the Home region,
and then move the motor in the opposite direction of the initial Go Home move at .1 rev/sec until the active
edge of the Home region is encountered. The PC23 will then consider the motor at Home. This will occur
regardless of whether or not the home input is active at the end of the deceleration of the initial Go Home
move.

0OSC Define Active State of Home Switch Version A

Type Set-Up Attributes

Syntax <a>0SCn [x] Buffered

Units n = active state, high/low [ 1 Device specific
Range 0or 1 [ ] Saved independently
Default 0 [ ] Saved in sequences
Response None

See also GH, OSD, OR

oscg = Active state of home input is high
0sC1 = Active state of home input is low

This command inverts the active state of the home input. It enables you to use either a normally closed or
a normally open switch for homing. 0scg requires that a normally closed switch be connected to the home
limit input.

osc1 requires that a normally open switch be connected to the home limit input.

Command Description
o0sc1 Set the active state of the home input 1o low
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OSD Dne Acilve State of Z Channel Verslon A

Type Set-Up Attributes

Syntax <a>08Dn [x} Butfered

Units n = active state high/low [ ] Device specitic
Range Oor 1l [ ] Saved independently
Default 0 [ ] Saved in sequences
Response None

See also GH, 0SC, OR

ospg = Active state of Z Channel is high
0sD1 = Active state of Z Channel is low

This command inverts the active state of the encoder Z channel input. 0sbg requires that the Z Channel
input be an active high input. 0sD1 requires that the encoder Z Channel input be an active low.

The Z channel input can be used for encoder based homing (GE) only. In encoder mode, you must have the
home switch and the Z channel active at the same time to successfully home the motor.

Command Description
0sDp1 Set the active state of the encoder Z Channel 10 low

s S ERRDEER

OSE Enable Stall Detect Version A

Type Set-Up Attributes

Syntax <A>OSEn [x] Buffered

Units n = enable/disable [ 1 Device specific
Range Oor 1 [ ] Saved independently
Default 0 [ ] Saved in sequences
Response None

See also FSB1, FSCl, FSD, FDE, OR QSH

osgg = Stall detect disabled

osel = Stall detect enabled

When enabled (oEs1), a stall is detected if the indexer receives no encoder pulses after moving the motor
1/50th of a rev (corresponds to 1 mechanical pole of a 50-pole motor). Thus, when the indexer and
motor/drive system resolution is 25,000 steps/rev, 500 steps (25,000 + 50) are output before a stall is
detected.

To stop motor on a stall (Fsp1), or to turn on output on stall (Fse1), enable stall detection (0sE1).

Command Description
OSE® Disable Stall Detection

OSF  Establish Maximum Joystick Velocity Version A

Type Set-Up Attributes

Syntax <a>OSFn [x] Buffered

Units None [ 1 Device specific
Range 0or 1 { ] Saved independently
Defauit 1 [ ] Saved in sequences
Response None

See also OR, V

osFg@ = Use the maximum system velocity as the joystick maximum velocity
0osF1 = Use the previously defined velocity (v} as the joystick maximum velocity

OSG  Set Final Go Home Direction Version A

Type Set-Up Attributes

Syntax <a>0S8Gn [x] Butfered

Unlits None [ ] Device specific
Range 0, 1 [ ] Saved independently
Default 1 [ ] Saved in sequences
Response None

See also GH, OR, OSB, 0OSC

0osGg = Sets the final portion of the go home move sequence to CW
0sG1 = Sets the final portion of the go home move sequence to CCW
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OSH Reference Edge of Home Switch Version A

Type Set-Up Attributes

Syntax <a>ODHn [x] Buffered

Units None [ ] Device specific
Range 0, 1 [ ] Saved independeantly
Default 1 { ] Saved in sequences
Response None

See also OR, 0SG

0sE@ = Selects the CW side of the Home signal as the edge on which the final approach will stop
osHl = Selects the CCW side of the home signal as the edge on which the final approach will stop

The CW edge of the Home switch is defined as the first switch transition seen by the indexer when traveling
off of the CW limit in the CCW direction. If n = 1, the CCW edge of the Home switch will be referenced as
the Home position. The CCW edge of the Home switch is defined as the first switch transition seen by the
indexer when traveling off of the CCW limit in the CW direction.

P Report Incremental Position Verslon A

Type Status Attributes

Syntax aPp [x] Buffered

Units None [ ] Device specific
Range None [ 1 Saved independently
Default None [ ] Saved in sequences
Response a:innnnnnnn (n = 0 - 9)

See also PB, PR, PX, PXB, W1, W3

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 carrlage return. The range for the
position report is O - £99,999,999. 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 Descrliption
MN Set to Normal mode
FSB@ Set to Motor Step mode
AlR Sotaccelemonb10rp52
VS Setveloa
D250 gsancebZSOOOsbps
G Exacubthemove(Go)
1p Request Position
Response = 1: +22025000
PB Report Incremental Position (Binary) Version A
Type Status Attributes
Syntax aPB [x] Buffered
Units None [ 1 Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response nnnnn
See also W1, W3, P, PR, PX, PXB

This command reports back the encoder’'s (in ¥sB1 mode) or the motor's (in FsB# mode) incremental
position in binary mode. The binary response corresponds to a decimal range of O - £2,147,483,647. The

response format is five bytes (nynzn3ngns). The first byte (n3) is the axis number (Axds 1 - 3). The next four
bytes (nzn3ngns) are the most significant bit to the least significant bit in 2's compliment notation. These
four bytes give the 32-bit encoder position.

Converting 2°'s Compliment to Decimal

If the most significant byte is in the range @@ - 7F, the result is positive. If the most significant byte is in
the range 8¢ - rr, the result is negative.

For positive results, use the following conversion procedure:

0] Convert each byte (ASCII character) to decimal.
@ Multiply each decimal number by the following:

np x 16,777,216
n3 X 65,536
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ng X 256
ag x 1
@ Add together the products of step 2.
Response from the 1pB command is as follows:

Elmﬂ 61A8

n, n, n, n, ng
® na
. n3

OO0 hex = OO decimal
20 hex = OO decimal
nq = 81 hex = 97 decimal
ns = AB hex = 168 decimal
@ np (@9) x 16,777,216 = @
n3 (B0) x 65,536 = @
ng (97) x 256 = 24,832
ns (168) x 1 = 168

@ 2+ O + 24,832 + 168 = 25,000. Thus, the last move was 25,000 steps in the CW direction.

Binary Approach
0] Convert the hexadecimal response to binary form.
@ Complement the binary number.

€ Add 1 to the binary number.
O] Convert the binary result to a decimal value.

The response from the 1PB command {s g1EFFE2718. 21 is the axis number and EFFE271¢ is the negative
incremental position report.

1 2 3 4
E =1110 1110 = OO DD = D1 QD1 = 1
F=1111 111 = OO D = DD 0D = O
F=1111 1111 = OO 000 = DD PO = O
E = 1110 1110 = 0001 2001 = DN D1 = 1
2 = QD10 2010 = 1101 1101 = 111 1121 =D
7 =011 2111 = 1000 1000 = 1D m=a
1 = QD1 2001 = 1110 110 = 1111 MG =F
O = O 2D = 1111 1111 = OO0 1M =0
1001D8FY hex = 268,556,528 decimal. The last move was 268,556,528 steps in the CCW direction.
Computer Approach
® Convert the hexadecimal number to a decimal number.
@ Subtract 168 (= 232 = 4,294,967,296) from the decimal number derived from step 1.

The response from the 1PB command is @1EFFE271@. @1 is the axis number and EFFE271@ is the negative
incremental position report.

® EFFE2712 hex = 4,026,410,768 decimal
@ 4,026,410,768 - 4,294,967,296 = 268,556,528
The last move was 268,556,528 steps in the CCW direction.
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PR Report Absolute Positio Version A

Type Status Attributes

Syntax aPR (x] Buftered

Units None { 1 Device specific
Range None { ] Saved independently
Default None { ] Saved in sequences
Response a:innnnnnnn (n = 0 - 9)

Ses aiso D, MN, MPA, MPI, P, PB, PZ, W

This is an absolute position counter. 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 with respect to the
zero position. The zero position can be defined by the position of the motor after a Position Zero (pz)
command 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 (%) command.

Command Description
P2

Set current position o absolute zero
MN Set 0 Normal mode
FSB@ Set 10 Motor Step mode
Alg Set acceleration 1o 10 rps?
v5s Set velocity 1o 5 Ips
D25222 Set move distance 10 25,000 steps
G Execute the move sGo;
G Execute the move (Go
1PR Request Position

Response = 1: +22050000

The motor on axis #1 will move 50,000 motor steps, then the indexer will report the distance moved since
the last 2z command.

PS Pause Version A

Type Programming Attributes

Syntax <a>P$§ [x] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Defauit None [ ] Saved in sequencas
Response None

See also c, U

This command pauses execution of a command string or sequence following the Pause {ps) command until
the indexer recetves a Continue (¢) 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 Pause execution of following commands until axis # 1 receives the Continue (C) command
AS Set acceloration to 5 rps2

vS§ Setvelocity 0 5 ps

D25209 Set move distance 10 25,000 steps

G Execute the move (Go)

T2 Delay the move for 2 sec

G Execute the move (Go)

c Continue Execution

When axis #1 receives the ¢ command, the motor moves 25,000 steps twice with a two second delay
between moves.
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PX Report Encoder Absolute Position (ASCII) Version A

Type Status Attributes

Syntax aPX (x] Buftfered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response a:innnnnnnn (n = 0 - 9)

See aiso W1, W3, P, PB, PR, PXB

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

Whether in encoder step or motor step mode position will be reported in encoder 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 (PX} command responds with the cumulative position of the encoder with respect to the
zero position. The zero position can be defined by the position of the encoder after a Position Zero (pz)
command is issued or by the successful completion of a Go Home (GB) 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 (#) command or the absolute encoder position binary (pxB Jcommand below.

Command Description

MN Set © Normal mode

Alg Set acceleration 10 10 rps2

v5 Set velocity © 5 ps

DASOS Set move distance 1o 4,000 encoder steps
G Execute the move (Go)

1PX Request position of axis 1

Response = 1 : +30004200
Axis 1# moves move 4,000 encoder steps, then the indexer reports the distance that axis #1 just moved.

PXB  Report Encoder Absolute Position (Binary)

Version B3

Type Status Attributes

Syntax aPXB {x] Buffered

Units None [ ] Device specific
Range None { ] Saved independently
Default None [ ] Saved in sequences
Response nnnnn

See also W1, W3, PB, PR, PX

This command reports back the encoder absolute position in binary mode. The binary response
corresponds to a decimal range of O - $2,147,483,647. The response format is five bytes (nynzn3ngng). The
first byte (ny) is the axis number (Axis 1 - 3). The next four bytes (nznangns) are the most significant bit to
the least significant bit in 2's compliment notation. These four bytes give the 32-bit encoder position.
Refer to the PB command for procedures and examples of how to convert the binary position report.

PZ Set Zero Position Version A

Type Status Attributes

Syntax <a>P2 (x} Buffered

Units None [ ] Device specific
Range None { ] Saved independently
Default None [ ] Saved in sequences
Response None

See also D, MN, MPI, MPA, PR, GH

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 (MPa), all the moves will be made with respect to the absolute counter. When you execute
this command, the Position Report (PR}, Pause (p), and Report Absolute Encoder Position (PX) commands
will report the zero position.
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Command Description
PZ Set the absolute counter © zero
MPRA SetmesetmdewiﬂnaspeetbAbsobbmposmon
a5 acoebmnonnosfps
v5 Set velocity 10 5 1ps
D25¢@ Set move distance 10 2,500 steps
G Exacute the move (Go)
Absolute Position

Q Complete Current Command and Clear Buffer Version A

Type Programming Attributes

Syntax <a>Q [ ] Buffered

Units NOne { ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See aiso K, S

The ¢ command completes the current command being executed and clears the remainder of the command
buffer on the specified axis.

This command is useful if you do not wish to interrupt the current move, or any other command being
executed.

The Kill (x) command will stop any command being executed and clears the remainder of the commands in
the buffer on the specific axis.

Command Duetlptlon

Q pleiaswrrentmmandanddeascommandbuffer

QO Exit Streaming Mode Version A

Type Set-Up Attributes

Syntax <a>Qe [ 1 Buffered

Units None [ 1 Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See also Ql, Q2, Q3, RM

The g¢ command is an exit command for all streaming modes. The motor will stop when ¢2 is issued.

Refer to 01 and Q2 examples.

Q1 Enter Immediate Velocity Streaming Mode Version A

Type Set-Up Attributes

Syntax <a>Q1 [ ] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Defaulit None [ ] Saved in sequences
Response None

See also @, RM

The g1 command enters the immediate velocity streaming mode. The command buffer is cleared and any
motion ts killed on the specified axis. Subsequent RM commands will cause an immediate change in motor

velocity. Use 0g to exit this mode.

Command W

Q1 Enter Velocity Profilin?

RM@Z11 Go to RN velocity of (11 hex) RM ips
RM@@55 Go to RM velocity of (55 hex) RM rps
RMO100 Go to RN velocity of (100 hex) RM rps
RME@55 Go to RM velocity of (55 hex) RN ps
RME@11 Go to R velocily of (11 hex) RM rps
o Exit Velocity Profiling mode

Motor movement will stop when the 0@ command is entered. See RM command for more details.
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Qz Version A

Type Set-Up Attributes

Syntax <a>Ql [ ] Buffered

Units None [ 1 Device specific
Range None [ ] Saved independently
Default None { ] Saved in sequences
Response None

See aiso o2, MSL, Mss, TD, SD

The Enter Time-Distance Streaming mode (g2) command causes the indexer to enter the Time-Distance
Streaming mode for the specified axis. The Time-Distance Streaming mode will interpret values entered
with the sp command as the number of motor steps to be output in the update interval specified by the T
command. The command buffers are cleared and motion is killed on the specified axis when the g2 command
is tssued.

This mode is useful in applications that require multi-axis contouring, synchronization, or custom move
profiles.

Refer to Chapter 4, Application Design, for a detailed discussion of the Time-Distance Streaming mode.

""""" ERE e S s e ey R R R
Q3 Enter Time Velocity Streaming Mode
Type Set-Up Attributes
Syntax <a>Ql [ ] Buffered
Units None [ 1 Device specific
Range None [ ] Saved independently
Default None { ] Saved in sequences
Response None
See also O#, MSL, MSS, TD, SD

The Enter Time-Velocity Streaming mode (@3) command causes the indexer to enter the Time-Velocity
Streaming mode for the specified axis. The Time-Velocity Streaming mode will interpret values entered with
the spb command as the velocity in motor steps to be output in the update interval specified by the Tp
command. Note that the command buffers are cleared and motion is killed on the specified axis when the Q3
command Is entered.

Refer to Chapter 4, Application Design, for a detailed discussion of the Velocity Streaming mode.

Ql Interrupt Status Report Version A

Type Set-Up Attributes

Syntax <a>QI [ ] Buffered

Units None { ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response nonnnnnn (n = O or 1)

See ailso Qs

oI command indicates any active interrupt conditions. The response is the address followed by 8 bits (A
through H) as described in the table below. The bits do not need to be enabled with the gs commands. For
example, bit A will be high if trigger 1 is active, whether or not @sa1 was entered.

Bit Function Options Value
A Trigger 1 active NO (D) or YES (1) n
B Move Complete NO (@) or YES (1) n
C Not Used %] 2
D Limit Encountered NO (9) or YES (1) n
E Ready to Respond* 1] 0
F Not Used o 1]
G Command Buffer Full NO (@) or YES (1) n
H Motor Stall NO (@) or YES (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 the osB command (s not enabled.

Command Response .
101 Request source inwrrupt status for axis #1. Response = 1: 21020200
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QIB  Interrupt Status Report (Binary)

Type Set-Up Attributes

Syntax <a>QIB { ] Buffered

Units None [ ] Device specific
Range None [ ] Saved independentiy
Default None [ ] Saved in sequences
Response a:n

See also Q1

The Interrupt Status Report (QIB) command responds with two bytes. The first byte is axis number (1-3).
The second byte is the binary equivalent of the QI response (range is O - 255). The format for the second
byte functions are shown below.

Since the response in in the binary format, the user must convert the binary value to ASCII value of you
wish to print the value to the monitor.

Function Options Value
A Trigger 1 active NO/YES {n=0,1) n
B Move Complete NO/YES (n=0,1) n
C Not Used (0) 0
D Limit Encountered NO/NES (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 the ¢sB command is not enabled.

QR Report QS Command Function Enable Status  Version A

Type Status Attributes

Syntax aQR [x] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response a:nnnnnann (n = 0 or 1)

See also Qs, QI

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

Functlon Options Value
A Trigger 1 high OFF/ON (0) n
B Move Complete OFF/ON (n=0,1) n
C Not Used (0) 0
D Limit Encountered OFF/ON (n=0,1) n
E Ready to Respond (0) 0
F Not Used (0) o}
G Transmit on Command Buffer Full OFF/ON (n=0,1) n
H Motor Stall OFF/ON {(n=0,1) n

QS Interrupt on Signal Commands erslon

Type Set-Up Attributes

Syntax <a>Q8xn [x] Buffered

Units x = function [ ] Device specific
Range x=A, B, C, D, E, F, G, H n = on/off [ ] Saved independently
Default None [ } Saved in sequences
Response None

See also QR

The gs commands allow the PC23 to send an interrupt to the host computer when attention is required.
Once enabled, gs commands reside in the PC23'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 or oIB command. The interrupt will be generated each time the condition occurs, until
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the function is disabled (Refer to the parameter n in the description box above. When n = # (off). Whenn
= 1 (on). If more than one interrupt is pending, the rest are ignored (if one is buffered, the rest are lost).

Refer to Chapter 4, Application Design, for information on setting hardware interrupts on the PC bus.

Bit Functlon

A Trigger 1 active

B Interrupt on Move Complete

o] Not Used

D Interrupt on Limit Encountered

E Interrupt on Ready to Respond

F Not Used

G Interrupt on Command Buffer Full
H Interrupt on Motor Stall

R

QSA Interrupt on Trigger #1 High Version A

Type Set-Up Attributes

Syntax <a>QSAn {x] Buffered

Units n = function on/off [ ] Device specific
Range Oor 1l [ 1 Saved independently
Default ] [ 1 Saved in sequences
Response None

See aiso TR, TS, OR

osAg = Do not send interrupt on Trigger #1 being high
osal = Interrupt signal on Trigger #1 being high

Entering @sAl causes the indexer to transmit an interrupt signal to the host computer whenever trigger #1
goes high. How the interrupt is handled is dependent upon the host computer and your interrupt routine
within the host.

R R R AR RS LRS00

QSB Interrupt on Move Complete Version A

Type Set-Up Attributes

Syntax <a>QSBn (x] Buffered

Units n = function on/off [ 1 Device specific
Range 0or 1l [ ] Saved independently
Default 0 { ] Saved in sequences
Response None

See also OR

osBg = Do not send interrupt on move complete

0sB1 = Interrupt signal on move complete

Entering gsB1 causes the indexer to transmit an interrupt signal to the host computer whenever a move has
been completed. How the interrupt is handled is dependent upon the host computer and your interrupt
routine within the host.

QSD Interrupt on Limit Encountered Version A

Type Set-Up Attributes

Syntax <a>QSDn [x] Buffered

Units n = function on/off [ ] Device spscific
Range 0or1l [ ] Saved independently
Defauit 0 { ] Saved in sequences
Response None

See aiso OR

@spg = Do not interrupt signal upon reaching a limit
@sp1 = Interrupt signal upon reaching a limit

Entering gsp1 causes the indexer to transmit an interrupt signal to the host computer whenever a CW or
CCW limit has been reached. How the interrupt is handled is dependent upon the host computer and your
interrupt routine within the host.
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QSE lnterrupt on Ready to Respond Version A

Type Set-Up Attributes

Syntax <a>QSEn [x] Buffered

Units n = function on/off [ ] Device specific
Range 0orl [ ] Saved independently
Default 0 [ ] Saved in sequences
Response None

See aiso OR

gszg = Do not interrupt when indexer is ready to respond
QsE1 = Interrupt when indexer is ready to respond

Entering 0sE1 causes the indexer to transmit an interrupt signal to the host computer whenever the indexer
is ready to respond from a status command. How the interrupt is handled is dependent upon the host
computer and your interrupt routine within the host.

R R

R A e A e

QSG Interrupt on Command Buffer Full Version A

Type Set-Up Attributes

Syntax <a>QSGn [x] Buffered

Units n = function on/off [ ] Device specific
Range 0 or 1l [ ] Saved independently
Default 0 [ ] Saved in sequences
Response None

See also QR

9sG@ = Do not interrupt on bufler full (less than 32 bytes free)
0sG1 = Interrupt on buffer full

Entering @sG1 causes the indexer to transmit an interrupt signal to the host computer whenever the
command buffer is full. How the interrupt is handled is dependent upon the host computer and your
interrupt routine within the host.

QSH Interrupt on Motor Stall Version A

Type Set-Up Attributes

Syntax <a>QSAn [x] Buffered

Units n = function on/off [ ] Device specific
Range 0or1 [ ] Saved independently
Default 0 { ] Saved in sequences
Response None

See aiso DQ, OSEl, OR

0sEZ@ = Do not interrupt on stall
@sH1 = 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.

This command is functional only if you enable stall detection with the o£s1 command. When enabled, a
stall is detected if the indexer receives no encoder pulses after moving the motor 1/50th of a rev
(corresponds to 1 mechanical pole of a 50-pole motor). Thus, when the indexer and motor/drive system
resolution is 25,000 steps/rev, 500 steps (25,000 + 50) are output before a stall is detected.

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

Command Description
QSH1 Anlnbnuptmllbennsnunedbhehostmnaswlocc\n
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R Report Indexer Status Version A

Type Status Attributes

Syntax aR [ ] Buffered

Units None [ ] Device specific
Range None { ] Saved independently
Default None [ ] Saved in sequences
Response *x (x =R, B, S, or C)

See ailso RA, RB, RC

You can use the Request Indexer Status (R) command to review the status of the indexer. Possible
responses are:

Response Definition

*R Ready

*S Ready, Attention Needed
*B Busy

*C Busy, Attention Needed

When the indexer is prepared to execute an immediate command, the following conditions delay the
execution:

] Performing a preset move

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

Q Paused (ps)

Q Waiting on a Trigger (TR)

Q Going Home

Q Executing a loop

The following conditions cause error responses.
Q A feedback error condition exits.

Q Go home failed

Q Limit has been encountered

You can obtain further details on the error condition with the RA, RB, or Rc commands. Compumotor does
not recommended that you use this command in tight polling 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 buffered status request command such as a cr (Carriage Return) or a
programmable output to verify move completion.

Command Response
iR 1:*R Axis #1 is ready to accept a command—no error conditions require attention

RA Report Limit Switch Status Version A

Type Status Attributes

Syntax aR [ ] Buffered

Units None [ ] Device specific
Range None [ 1 Saved independently
Default None [ ] Saved in sequences
Response *x (x =@, A, B, C, D, E, F, G, H, I, J, K, L, M, N, or O)

See also R, RB, RC, 1D

The Limit Switch Status Report (RA) command responds with the status of the end-of-travel limits during the
last move as well as the present condition. This is done by responding with one of 16 characters
representing the conditions listed below.
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Response Last Move Terminated B Current Move Limited B

Character CW Limit CCW Limit CW Limit CCW Limit
g NO NO NO NO
" YES NO NO NO
B NO YES NO NO
«C YES YES NO NO
*D NO NO YES NO
*B YES NO YES NO
*y NO YES YES NO
*G YES YES YES NO
*H NO NO NO YES
*I YES NO NO
*y NO YES NO YES
*K YES YES NO YES
L NO NO YES YES
*N YES NO YES YES
*N NO YES YES YES
*0 YES YES YES

The RA command is useful when the motor will not move in either or both directions. The report back will
indicate whether or not the last move was terminated by one or both end of travel limits.

If you wish to disable the limit inputs, you may issue the LD3 (Disable both limits}) command.

Command Response
2RA 2:%@

This response indicates that the last move on axis 2 was not terminated by a limit and that no limits are
currently active.

RB Report Loop, Pause, Shutdown, and Trigger ~ Version A

Status
Type Status Attributes
Syntax aRB [ ] Buffered
Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response *x {(x =@, A B, C, D, E, F, G, H I, J, K, L, M, N, or 0)
See also L, PS, R, RA, RC, ST, TR

The RB command responds with the status of the command buffer {f 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 Loop Pause Shutdown Trigger

Character Active Active Active Active
*8 NO NO NO NO
*A YES NO NO NO
*B NO YES NO NO
*C YES YES NO NO
*D NO NO YES NO
*B YES NO YES NO
*F NO YES YES NO
*G YES YES YES NO
*H NO NO NO YES
*I YES NO NO YES
*J NO YES NO YES
*K YES YES NO YES
*L NO NO YES YES
M YES NO YES YES
*N NO YES YES YES
*0 YES YES 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.

When you send a buffered command and the indexer does not execute the command, you may execute this
command to receive a status of the indexer.

Command Response
1RB 1:*A Axis #1 is curently executing a loop

90 PC23 Indexer User Guide

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



2z SRR SEXEIAINL IR R SRR RSS2 2CRCE0000000200R

RC Report Closed Loop and Go Home Status Version A

Type Status Attributes

Syntax aRC [ ] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response *x (x = @, A, B, or C)

See also R, RB, OSE, GH, L, FSC

The Report Closed Loop And Go Home Status (rRc}) command responds with a character that represents one
of the conditions described below.

O Homing Function Failure — In this condition, the controller reaches both end-of-travel limits or one
of several possible Stop commands or conditions. The Go Home motion was concluded, but not at
home.

Q Stall — 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.

Response Stall Go Home Static Loss
Character Detected Unsuccessful Detected
*Q NO NO NO
*A YES NO NO
*B NO YES NO
*C YES YES NO
*H NO NO YES
*I YES NO YES
*J NO YES YES
*X YES YES YES
Command Response
1RC 1:%C

This means that while attempting its last move, axis 1 detected a stall.

RM Rate Multiplier in Immediate Velocity Streaming Version A

Mode
Type Set-Up Attributes
Syntax <a>RMxxxx [ ] Buffered
Units xxxx = rate multiplier value (hexadecimal) [ ]1 Device specific
Range 0000 - FFFF [ ] Saved independently
Default 0000 [ ] Saved in sequences
Response None
See also Q1, Q@

The rRM 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 which corresponds to 15.259 Hz - 500 kHz
in increments of 15.2569 Hz. The velocity change is instantaneous. There is no acceleration/ deceleration
ramp between velocities. A limit switch-closure stops movement while in the axis is in velocity profiling
mode, but does not cause the PC23 to exit Immediate velocity streaming mode. Hex values 0000 - 7FF3
result in CCW rotation. Hex values 8000 to FFF3 result in CW rotation. Hex values 7FF4 - 7FFF and FFF4 -
FFFF are special values that you can use to set POBs (refer to Chapter 4, Application Design for detailed
information on contouring).

Command Description

Q1 Enter Velocity Streaming mode on axis #1
RMB666 Jump to 1 ps in the CCW direction
RM@CCC Jump 0 2 rps

RN1332 Jump o 3 1ps

RM1998 Jump o 4 1ps

RM1332 Jump 0 3 rps

RMZCCC Jump © 2 1ps

RMBE66 Jump o 11ps

RNOZOS Jump 10 0 rps

o Exit Velocity Streaming mode

The motor jumps to 1 rps when you issue the first RM value. The velocity increases by 1 rps when you issue
the next three RM commands. The subsequent RM commands decrease the motor velocityin 1 rps
increments until the motor stops. The amount of time that elapses between the issuance of each rRM
command determines the exact motion profile.
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RV  Report Software Part Number

Type Status Attributes

Syntax <a>RV [ ] Buifered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response 92-nnnnnn-nn{xn){n = 0 - 9, x = A - 2)

See also None

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

92-annnan-an<xn>
part number <revision 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 identifies when the software was written. You may want to record
this information in your own records for future use. This information is useful when you consult Parker
Compumotor's Applications Engineering Department.

Command Response
1RV 92-006887-01K

The product is identified by 92-006887. The revision level is identified by O1K.

S f StOp Version A

Type Motion Attributes

Syntax <a>s [ ] Buffered

Units None [ 1 Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response None

See also K, SsD, SSH, A

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 (ssB1) command. When the ssE1 command is executed, the s
command stops only the current move and goes on to the next command in the buffer.

Command Description

NC Set inuous mode

a1l SSg acceleraﬁo;\oto 1ps?

vig velocity 1o

G Execute the moven(asGo)

s prmbr—mobrmestoOtpsatadecelefaﬁcnmleof1tps2

The s command cannot be put into the buffer since it is an immediate command. As soon as the indexer
receives the s command, it stops motion.

S A Stop All Version A

Type Motion Attributes

Syntax <a>SA [ ] Buttered

Units None [ ] Device specific
Range None [ ] Saved independently
Defaulit None [ ] Saved in sequences
Response None

See aiso s, K

The Stop All command is equivalent to a 1S, 28, 3S.
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Define Timed Data Mode Streaming Data Version A

SD

Type Programming Attributes

Syntax <a>8Dn [x] Butfered

Units n = hex digit up to 3 sets of 4 [ ] Device specific
Range 0-F { ] Saved independentiy
Defaulit None [ ] Saved in sequences
Response None

See aiso Q2, Q3, TD, MSL, MSS

This command allows you to define streaming data. In the time-distance (Q2) mode, you can specify the
number of steps that the motor will move per interval with this command. In the time-velocity (@3) mode,
you can specify the velocity that the motor will move per interval. You can set the time interval with the 7D
command.

You may define streaming data with one or two or three four-digit hexadecimal numbers. If only one axis is
in a timed data streaming mode, only one four-digit hex number is required ($Dnnnn). If two axes are in a
timed data streaming mode, two four-digit hexadecimal numbers are required (SDnnnnnnnn). If you have a 3
axis system, you need to send 3 four digit hexadecimal numbers (SDnnnnnannnnnn) You can define data for
all three axes with a single sp command. Each spb command is only executed during a single 0 interval.

n n n n If you want to define data for one axis in a
Dir/MSB Data timed data streaming mode, use the

. configuration Sbdnnnn. If you want to define data

for two axes in a timed data streaming mode,
2nd MSB MSB = most significantbit use the configuration Sbnnnnnnnn. The first four
2 LSB « least significantbit hex numbers define data for the lower numbered
axis. The next four hex numbers define data for

the higher numbered axis.

3rd MSB

3 The function of each byte (*1, *2, *3, and *4) is
described below.

LSB

‘4

*]1 sets the direction in which the axis will move. A @ in the most significant bit (MSB) specifies CCW
motion. A 1 in this position indicates CW motion. The remaining three bits of this byte are the 3 MSBs to
define the magnitude of distance (@2 mode) or velocity (03 mode). *2 is the most significant full byte of
segment data. *8 is the next most significant full byte of segment data. *4 is the least significant full byte
of segment data. The weight of each bit in bytes *1, *2, *3, and *4 is as follows:

Byte *1 Byte *2 Byte *3 Byte *4
bits 3210 bits 321 @ bits 3219 bits 3219
goee g0 eea2 g2 ee
D:'Lrect:i.on*—J l 2,048——-'-l | 128-—" I 8—-—I l
16,384 I 1,024 | 64 ‘ 4 l
8,192 512 32 2
4,096 256 16 1

In @2 mode, this byte indicates the number of steps the motor will move per time interval. In @3 mode,
this byte indicates the velocity that the motor will move per time interval. You can set the time interval
with the 0 command. In the @3 mode, the velocity desired per update interval is related to the four hex
digits as follows (disregarding the most significant bit which is the direction bit):

Vel (in rps for a 25000 step/rev motor) = (nnnn * 15.259)/25000

Command Response .
1sSD9064 Assuming that axis 1 is in a timed data streaming mode, this command specifies a distance of 4,196 CW steps

for axis 1. Refer 10 the graphic depiction below.
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J- l Certain SD data points allow you to turn on

outputs, wait on triggers, and loop. Refer to
Chapter 4, Application Design, for more
information.

| Direction” I

‘1=CW,0=CCW

4006 + 0 (+) 96 + 4 = 4196

[Segmenioen | l

SR Report Configuration Status " Verslon A

Type Status Attributes

Syntax aSR [x] Buffered

Unlits None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response a:nnnnnnnn (a = axis number, n = 0 or 1)

See also ss

The srR command is a special status request command. This command provides information on the status
of up to 5 software switches that you use to turn configuration options on and off. You can set these
options with the ss commands.

The table below lists the response functions that you can receive status information on.

Code  Function On/Off Status
A Not Used N/A
B Not Used N/A
c Load and Go Mode © = Disabled, 1 = Enabled
D Altomate Mode Stop @ = Cycle End, 1 = Immediate
£ el NA vormal 12 Lo
= , 1= LOW
G Command Buffer on Limit @ =Purge, 1 =Save
H Command Buffer on Stop © = Purge, 1 = Save
Command Response
1SR 1:2eee2162 This indicates that axis #1 is in the low-velocity range.
SSD Mode Alternate Stop Mode Version
Type Set-Up Attributes
Syntax <a>SSDn [x] Buffered
Units n = function (on/off) [ ] Device specific
Range 0Oor1l [ ] Saved independently
Default 0 [ 1 Saved in sequences
Response None
See also MA, SR

This command determines the method of stopping when in the MA move mode.

sspg = Stop immediately
ssp1 = Stop at the end of the current loop

If you enable ssp1, upon receiving the Stop (s) command, the motor will move back to the starting position
then stop motion. If you use the sspg command, the motor will decelerate to a stop immediately.

Command Description
SSD1 Stop at end of loops in mode alternate
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SSF  NormallLow Velocity Range =~ Versien A

Type Set-Up Attributes

Syntax <a>88Fn [x] Buffered

Units n = function (on/off) [ 1 Device specific
Range 0or1l [ ] Saved independently
Default ] [ ] Saved in sequences
Response None

See also SR, V

This command sets the velocity range for the Velocity (v) command. The normal range (ssre) for a 25,000-
step/rev motor is .01 - 20 rps. The low range (ssr1) for a 25,000-step/rev motor is .001 - 2.00 rps.

Command Description

SSF1 Setlowvebdtyrangeforaxis #1

SSG Clear/Save the Command Buffer on lelt Version A

Type Set-Up Attributes

Syntax <a>8SGn [x] Buffered

Unlits n = function (on/off) [ ] Device specific
Range 0Oor 1l [ 1 Saved independently
Default ] { ] Saved in sequences
Response None

See also LD, SR

In most cases, it is desirable that upon activating an end of travel limit input, all motion should cease until
the problem causing the over-travel is rectified. This will be assured if all commands pending execution in
the command buffer are cleared when hitting a limit. This is the case if ssG# is specified. 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

55G1 Save buffer on limit

AS Set acceleration to 5 rps2
vs Set velocity o 5 ?s
D25208 Set distance to 25,000 steps
G Execute the move (Go|
011 Tum on outputs 1 and

If a limit switch is encountered while executing the move, outputs 1 and 2 will still go on.

e

SSH CIear/Save the Command Buffer on Stop Version A

Type Set-Up Attributes

Syntax <a>SSEn [x] Buffered

Units n = function (on/off) [ ] Device specific
Range 0or 1l [ ] Saved independently
Default 0 [ ] Saved in sequences
Response None

See also 5, SR

SSHP Clears command buffer on stop

SSH1 Saves command buffer on stop

In Normal Operation (ssE@) the Stop (s) command will cause any commands in the command buffer to be

cleared. If you select the Save Command Buffer On Stop {ssE1) command.a Stop (s) command will only
stop execution of a move in progress. It will not stop execution of any commands that remain in the buffer.

Command Description

SSHZ Clear command buffer on stop
A5 Set acceleration to 5 rps2

Vs Set velocity bggps

D25228 Set distance © 25,000 steps
L5% Loop 50 Times

G Execute the move (Go)

T.S Pause the motor 500 ms

¥ End Loop

s Stop motion

When you issue the s command, the indexer will clear the buffer and stop the move.
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ST Shutdown

Type Set-Up Attributes

Syntax <a>8Tn [x] Buffered

Units n = function (on/off) [ ] Device specific
Range 0or1l [ ] Saved independently
Default 0 [ ] Saved in sequences
Response None

See also None

The Shutdown (sT1) command rapidly decreases the motor current to zero. The system ignores move
commands that you issue after the sT1 command. Torque on the motor is not maintained after you issue

the sT1 command.

The sT# command rapidly increases the motor current to normal level. 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 sT¢ command.

Most Compumotor drives have a Shutdown Input along with Step and Direction inputs. The sT1 command
activates the shutdown input of the drive, disabling the current going through the motor.

Command Description

ST1 Shuts off current to the motor

T Time Delay Verslon A

Type Programming Attributes

Syntax <a>Tn [x] Buffered

Units n = seconds [ 1 Device specific
Range 0.01 to 999.99 [ 1 Saved independently
Default None [ ] Saved in sequences
Response None

See also None

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.

Command Description
MN Set 10 Normal mode
AS Set acceleration to 5 rps2
Vs Setvelocity 0 5
D25¢00 Setdsmbzgswomeps
T1g Pause motor movement 10 seconds
G Execute the move (Go)
T5 Pause the motor for 5 seconds after the move ends
G Exacute the move (Go)
TD Set Time Interval for Timed Data Streaming Version A
Mode
Type Motion Attributes
Syntax <a>TDnn [ ] Buffered
Units nn = ms [ ] Device specific
Range 02 - 50 [ ] Saved independently
Default 10 [ ] Saved in sequences
Response None
See also MSL, Mss, sD, Q@, Q2, Q3

This command sets the time interval for execution of segments defined with the sp command. Each sp
command will be executed during one time interval only. In g2 mode, the segment profile will be derived
from the time (in milliseconds—ms) specified by nn, where nn = 02 to 50 (2 to 50 ms in increments of 2
ms) , and the segment distance specified with an sp command (i.e., the motor will move the distance—in
steps—specified with the sb command in the time set with the To command). In @3 mode, the segment
profile will be derived from the time specified by nn, and the velocity (in steps per second) specified by the
sp command. i.e. The motor will achieve the velocity specified with the sp command in the time set with

the Tp command.
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Command Description

Q2 Entor Time Distance mode

TDS4 Sets update ime 1o 4 milliseconds

NSL11X Axis #1 and axis #2 are in Time Distance mode
SDROBO6D28 Move axis #2 40 stops within the time
SDP1223028 Move axis #1 256 sieps, axis #2 40 sieps within 4 ms

command, moves defined by SD command will start)

MSS Start master clock (Upon entering this

RN AR e e B P o e A ol P N S A e e e o e A

TR Wait for Trigger Version A

Type Programming Attributes

Syntax <a>TRnnnnnn [x] Buffered

Units n = function [ ] Device specific
Range (0 = open-on/off, 1 = closed, x = don't care) ] Saved independently
Default 0 , ] Saved in sequences
Response None

See aiso 1s, T8

Triggers are used to synchronize indexer operations with external events. They can be used to implement a
handshaking function with other devices. There are six triggers (see below).

TRnnnnanann

TRIG 1 — I
TRIG 2
TRIG

3
TRIG 4
TRIG 5
TRIG 6

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 Description
TR1ZXXXX Waigbrinputﬂbbegoundedmdhpmkbbeopenedbebragoingonbhenencommand. Inputs #3 - #6
are ignored.
As Set acceleration to 5 rps2
v5 Set velocity o 5
D2522¢ Set distance 10 25,000 steps
G Execute the move (Go)
TS Report Trigger Input Status Version A
Type Status Attributes
Syntax aTs [ ] Buffered
Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response a:nnnnnn (a = axis number, n = o, 1)
See also 1S, TR
The Trigger Status command retrieves the status of the trigger inputs.
. n= 1 (Input is ON)
. n = 0 (Input is OFF)
TSnnnnnn

TRIG 1 —I I

TRIG 2

TRIG 3

TRIG 4

TRIG 5

TRIG 6

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 pattern is met, when you have issued the Trigger (TR} command.
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Command Response
1Ts 1:121211

'mggcr bits 1, 3, 5 & 6 are active. Trigger bits 2 and 4 are inactive.

U Pause and Wait for Continue Version A

Type Programming Attributes

Syntax <a>U [ ] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Defauit None [ ] Saved in sequences
Response None

See also c, PS

This command causes the indexer to complete the move in progress, then wait unttl it receives a Continue
() to resume processing. Since the buffer is saved, the indexer continues to execute the program (at the
point where it was interrupted). The indexer continues processing when it receives the ¢ command. This
command is typically used to stop a machine while it is unattended.

Command Description

NN Sethormdmode

AS Set acceleration 1o 5 rpe®

vs Set velocity 1 5 rpe

Le indefini

D2562% Set distance 0 25,600 steps

G Execute the move (Go)

T1Q Wait 10 seconds after the move

N End loop

1] Halt execution until the indexer receives the Continue command.

This command string pauses at the point where the 0 command is entered. A Continue (¢) command
causes execution to resume at the point where it was paused. In this example, the loop stops at the end of
a move, and resumes when the indexer receives the ¢ command.

UR Report Scale Factor Status Version A

Type Status Attributes

Syntax aUR [x] Buffered

Units None [ ] Device specific
Range None [ ] Saved independently
Default None [ ] Saved in sequences
Response a:nnn (nnn = 001 to 255)

See also Us

Reports the scale factor set using s 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. The range for
nnn is 001 to 255.

Command Description

NN Setto inuous mode

Alg Set acceleration o 10 rps?

v5 Set velocity 1 5 rps

us2g Set scale factor 0 20

1UR Request scale factor. The response is 1:020 (verifies that scale factor is set to 20)
D22222 Set distance © 20,000 steps

G Execute the move (Go)

Axis #1 sends out 20,000 « 20 = 400,000 steps.

us Set Position Scale Factor ersion

Type Set-Up Attributes

Syntax <a>U8n {x] Buffered

Units n = distance multiplier [ ] Device specific
Range 1 - 255 [ ] Saved independently
Default 1 [ ] Saved in sequences
Response None

See also UR

This command sets the distance scale factor from 1 to 255. Any distance value set with the b command will
be multiplied by the value set by Us command. This value will remain valid until the indexer is reset or
until a new us value is defined.
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For the US command to be effective, you must issue a distance (p) command gfter the Us command.

If 200 steps will yield 0.001 inches of rotary movement, you can issue a Us2¢g command and program
distance in 0.001-inch increments.

Command Description

MN Set :

alp Set acceleration 1 10 rps2
vs Set ity 10 5 rpe
UsS2p3 Setscale 10 200
D12232 Set distance 10 10,000 steps
G Execute the move (Go)

DI

S OB S

\'} Set Velocity Version A

Type Motion Attributes

Syntax <a>Vn [x] Buffered

Units n = rps [ ] Device specific
Range 0.01 to 160.000 (Motor dependant) [ 1 Saved independently
Default 1 [ ] Saved in sequences
Response None

See also A, D, G, MR

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. The following formula is used to determine the output frequency of the indexer:

The motor resolution is a function of the motor/drive. However, you may match the PC23 to the
motor/drive's resolution using the Motor Resolution (MR ) command.
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 Setto tinuous mode
o Set acceleration 1o 5 rps
vs Set velocity 0 5 rps

G Execute 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.

w Report Immediate Position Version A
Type Status Attributes
Syntax aWn [ ] Buffered
Units n = form of response { ] Device specific
Range 1 = binary, 3 = hex ASCII [ ] Saved independently
Default 1 [ ] Saved in sequences
Response 1Wl = a:nnnnn or XXXXxXxXxX (n = position in binary)

1W3 = a:xXXXXxXx (n = axis number, x = position in hex ASCII)
See also FSB, P, PB, PR, PX, PXB

The Immediate Position Request (¥) 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. This command works in both encoder step mode (FsB1) and motor step mode (FsBg).

If you specify the variable n as 1, the response format will be a 5-byte binary number (with no carriage
return). The first byte is the axis number and the remaining bytes is the position in 2's compliment

notation.

If you specify the variable n as 3, the response format will be an optional axis number, a colon, and eight
hex ASCH characters in two's complement signed notation (with a carriage return).

interpreting Hexadecimal Position Reports

This form of position report (a:xxxxxxxx) is generated by the w3 command. It consists of an an optional
axis number and a colon, followed by eight hexadecimal characters; O - 9 and A - F. The position report is
followed by a carriage return.
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The decimal value of the hexadecimal expression can be determined using the technique demonstrated in
Tables 5-1 and 5-2. The response is in 2'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.

Interpreting Binary Position Reports

This form of position report (anann), consists of five bytes. The first is the axis number, followed by four
bytes that must be linked together (concatenated) to form a 32-bit binary number. A typical PC23
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 ~4, #, 0.
and / (e refers to the CTRL key and ¢, an unprintable character) is given. The binary code for this
response should be:

e # 0 /
00000000 00100011 00110000 00101111

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 the following table for a conversion technique for ~¢ # 0 /. The formula used
for the binary conversion is:

ASCII Value +* Character MNultiplier = Character Value

Response ASCHl Hex Value ASCIl Decimal Value Character Multiplier Conversion (steps)
~8 o 0 16,777,216 (2563) 0
] 23 35 65,536 (2562) 2,293,760
0 32 48 256 (2561) 12,288
/ 2F 47 1 (2560) 47

Position Total: 2,306,095

If the position total is 2,147,483,648, then the position total is showing a 2's compliment negative number.
To establish the correct position total, subtract 4, 294, 967, 296 (= 232 = 168) from your resuilt to receive the

correct negative number. For example, if the response is 1(smiley face)+XZas8, the conversion would be
as follows:

Response ASCil Hex Value ASCIl Decimal Value Character Multiplier Conversion (steps)
+ Fé6 246 16,777,216 (2563) 4,127,195,136
z E4 228 65,536 (2562) 14,942,208
a 61 97 256 (256l) 24,832
8 38 56 1 (2560) 56

Position Total: 4,142,162,232

To establish the correct position, subtract 4, 294, 967, 296 from 4,142,162,232. The result is -152,805,064.
Therefore, the last position total indicated 152,805,064 steps were moved in the CCW direction.

Positive w3 Response Interpretation
The system provides responses in the following format:

MsD LsD
XXXXXXXX

The first digit is the most significant digit (Msp). The last digit is the least significant digit (Lsp). Refer to
the following table for the value of each digit.

Digit Digit Multiplier
X (MSD) x *16' = h « 268,435,456 =
x x 165 = nh + 16,777,216 =
x X *16° = h + 1,048,576 =
x x 162 = h + 65,536 =
x x +163 = h » 4,096 =
x X *162 = h » 256 =
x x *161 = h + 16 =
h (LSD) x 2160 = h ¢ 1 =
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The decimal (n) may have one of the values shown in Table 5-3.

Decimal Hexadecimal Value Decimal Hexadecimal Value
Vaive Value
0 0 8 8
1 1 9 9
2 2 10 A
3 3 1) B
4 4 12 c
5 [ 13 D
6 6 " E
7 7 15 F

Using the previous tables, review the decimal value that would be calculated if the hexadecimal response
was @22433AL.

Hexadecimal Character Multiplier Conversion (steps)

g 0 ¢ 268,435,456 0

] 0 « 16,777,216 0

] 0 « 1,048,576 0

4 4 « 65,536 262,288

3 3+ 4,096 12,288

3 3 « 256 768

A (= 10) 10 « 16 160
E (= 14) 14 « 1 14

Total Steps: 275,374

Negative w3 Response Interpretation

If the first digit of the position portion of the response a:xxxxxxxx is 8, 9, A, B, C, D, E, or F, the response
represents a two’s complement negative number. Any other response should be interpreted per Table 5-1.
There are several ways to convert an 8-digit two's complement hexadecimal number to decimal.

The Binary Approach
® Convert the hexadecimal response to binary form.
@ Complement the binary number.
©)] Add 1 to the binary result.
@ Convert the binary result to decimal value.
Response to 1W3 is 1:EFFE2714.
@ E F F E 2 7 1 2
1110 1111 1111 1110 ©0O010 0111 0001 O0QOOO
@ 0001 0000 0000 0001 1101 1000 11110 1111
® 0001 0000 0000 ©0OO1 1101 1000 1111 00CO
@ 1 ] 2 1 D 8 F @ 1221D8F@ hex = 268,556, 528 decimal.
Therefore, the result is 268,556,528 steps in the CCW direction.
The Computer Approach
® Convert the hexadecimal response to decimal.
@ Subtract 4,294.967,296 (= 232 = 168) from the decimal number.
Response to 1iwW3 Is 1:EFFE27182.
® Convert hex to decimal as follows:
Hexadecimal Character Multiplier Conversion (steps)
B (= 14) 14 - 268,435,456 3,758,096,384
P (= 15) 15 « 16,777,216 251, 658,240
F (= 15) 15 + 1,048,576 15,728,640
B (= 14) 14 « 65,536 917,504
2 2 + 4,096 8,192
7 7 . 256 1,792
1 1+ 16 16
] 2 1 0
Total Steps: 4,026,410,768
@ 4,026,410,768 - 4,294,967,296 = “268,556,528. Therefore, the result is 268,556,528 steps in the

CCW direction.
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Y Stop LOOp Version A

Type Programming Attributes

Syntax <a>Y [ ) Buffered

Units None [ ] Device specific
Range None { ] Saved independently
Default None [ ] Saved in sequences
Response None

See also L, N

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 (x)
command.

Command Description

L Loop indefinitely

As Set acoeleration to 5 rps2
v5 SOtvebcitybszgps
D25p08 Set distance 10 25,000 steps
2 Wait 2 seconds

G Execute the move (Go)

N End loop

Y Siop loop

The loop requires the motor to move 25,000 steps and then wait 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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Hardware Reference

Chapter Objectives

This chapter is designed to function as a quick-reference tool for the
following information:

0O System specifications (dimensions and performance)
O Jumper and DIP switch settings
0O 1/0 connections and specifications

PC23 System Specifications

Performance

Power Input

Interface

Inputs

Refer to the following table for PC23 System Specifications.
Parameter Value

Stepping Accuracy 10 steps from preset total

Velocity Accuracy 10.02% of maximum rate above 0.01 revs/sec
Velocity Repeatability 10.02% of maximum rate

Velocity Range: 25,000 steps/rev

0.01 - 20.00 rps
5,000 steps/rev 0.01 - 100.00 rps

Acceleration Range:

25,000 steps/rev 0.01 - 999.9 rps2
5,000 steps/rev 0.05 - 4,999.95 rps2
Position Range (all resolutions) 0 - 99,999,999 steps
Indexer Board +5VDC @ 1.2A typical, 1.5A maximum (from user’s PC)

User-supplied to Adaptor Box  +5VDC @ 1A for PC23 optos without encoders, 2A for PC23
optos with encoders

IBM PC interface in accordance with IBM 1/O channel signal specifications and definitions.
Usaes the following /O channel signal lines:

+A0, +A2 through +AS -IowW
+D0 through +D7 +IRQ3
+AEN +IRQ4
+RESET +5V
+iOR GND

User must provide +5VDC (110%) to power all input opto couplers
CCW, CW Limits, Home Enable, and Triggers 3.5VDC (minimum) to 10VDC (maximum)
differential voltage, 10 - 40MA source

Signal duration>4 ms
Encoder < 0.5VDC = low, > 3.0VDC = high, -4.5mA sink
25KHz max input frequency (pre-quadrature)
Joystick 0to 2.5VDC, 5kQ2 impedance recommended
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Outputs (Step,
Direction,
Shutdown, and
POBS)

Environmental

Differential outputs can be changed via adaptor box jumpers to single-

ended.

Signal high

Signal low

Step signal duration:

Operating Temperature
Humidity
Storage

4+3.0VDC minimum @ +30mA

+1.0VDC maximum @ -30mA

15 ps nominal @ 200 - 400 steps/rev

1 us nominal @ 21,600 - 50,000 steps/rev
32°F to 122°F (0°C t0 50°C);

0 to 95% (non-condensing)

-22°F to 185°F (-30°C to 85°C)

I/0 Connections

This section provides PC23 Auxiliary Box 1/O connection pinouts and
circuit drawings.

Auxiliary Connector Pinouts

Pin # Axis #1 Axis #2 Axis #3
1 Trigger #1 Input + Trigger #3 Input + Trigger #5 Input +
2 Trigger #2 input + Trigger #4 Input + Trigger #6 Input +
3 Home Enable Input + Home Enable Input + Home Enable Input +
4 CCW Limit Input + CCW Limit Input + CCW Limit Input +
5 CW Limit Input + CW Limit Input + CW Limit Input +
6 CCW Limit Return - CCW Limit Retumn - CCW Limit Return -
7 CW Limit Retum - CW Limit Return - CW Limit Return -
8 Not Connected (NC) NC NC
9 NC NC Joystick Analog GND
10 NC NC Joystick Channel @
11 NC NC Joystick Channel 1
12 NC NC Joystick Channel 2
13 NC NC Joystick Channel 3
14 Trigger #1 Input Return Trigger #3 Input Return Trigger #5 Input Return
15 Trigger #2 Input Return Trigger #4 Input Return Trigger #6 Input Return
16 Home Enable Return Home Enable Return Home Enable Return
17 NC NC NC
18 Programmable Output #2  Programmable Output #4  Programmable Output #6
19 DC Common DC Common DC Common
20 Programmable Output #1  Programmable Output #3 Programmable Output #5
21 DC Common DC Common DC Common
22 NC NC NC
23 Ext +5VDC Input* Ext +5VDC Input* Ext +5VDC Input*
24825 NC NC NC
* User Supplied
Motor Driver Connector Pinouts
Pin # Wire color Function
1 Red Step +
2 Green Direction +
5 - Shield
14 Black Step -
15 White Direction -
16 Blue Shutdown +
17 White/Red Shutdown -
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Encoder Connector Pinouts

Pin # Function
1 Quadrature Channel A+

Quadrature Channel A- (optional)
Quadrature Channel B+
Quadrature Channel B- (optional)
Channel Z+ (index)
Channel Z- (optional)
NC
Shield

9-13 NC
14-20 Ground
21&22 NC
23-25 +5VDC (250mA max), user supplied

OO EWN

Auxiliary Connector: Typical Input Circuit

Input +
Terminal

Input -
Terminal

Internal Adaptor Box

Auxiliary Connector: Typical Output Circuit

. Extomals5V internal Adaptor Box

POB + §—

T External Ground &= . — - mePczs

Encoder Connector: Typical Encoder Input Circuit

External 45V - = -

[

4
]
[
e
[ &
L=

,ToPC23

Positive (+)
Terminal

Negative (-)
Terminal

e
ExternalGround
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Joystick Connections

<

Axis ¥3
Auxilliary Connector

Ground (pin9)

No Connaction

Channel 1 (pin11)
Channel3 ©n13) No Connection
Channel @ _pin 10) A e 1- 1062 potersiometen

Channel2_n 12) (B2 commenced
Axis 3 Aux. Connector: Typical Joystick Input Circuit

A

+ Terminal
oin100r12)

| AtoD
| Converter

- Terminal
pnttor1y @

®in )

Analog GND |
[ e

Jumper Settings

This section discusses jumper settings for the PC23 Indexer board and
adaptor box. The following table identifies the function and default
settings for each jumper.

Jumper Function Default Setting

PC Board Jumpers:
JU13 Enable/disable self test function Installed (disables self test)
JU27/JU28 Select interrupt 3 (JU27) or 4 (JU28) on PC /O bus Removed (no interrupts)

Adaptor Box Jumpers:
JUTAJU2 (axis 3) Select differential or single-ended output (Step) Position JU2 (differential)
JU3/JU4 (axis 3) Selact differsntial or single-ended output (Direction)  Position JU4 (differential)
JUSAJUG (axis 2) Select differential or single-ended output (Step) Position JU6 (differential)
JU7/JUS (axis 2) Select differential or single-ended output (Direction) Position JU8 (differential)
JUSAJU10 (axis 1) Select differential or single-ended output (Step) Position JU10 (differential)

JU11JU12 (axis 1)  Select differential or single-ended output (Direction) Position JU12 (differential)

Changing Outputs from Differential to Single-Ended

The PC23 is shipped with its step and direction outputs configured as TTL-
compatible differential. If your system accepts only single-ended indexer
outputs, change the outputs from differential to single-ended using the
jumpers on the adaptor box. To access these jumpers, you must first
remove the adapter box cover. The following figure illustrates the jumper
locations. Refer to the previous table for jumper settings.
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Juiu2
— JU3/JU4

JUSAJUG
— JU7/JU8B

JUSAIU10
— JU114JU12

DIP Switch Settings: (Indexer Card Address)

The address is set using the 8-position DIP switch located on the PC23
indexer card. The DIP switches are negative true in that any switch in the
position marked ON has a binary value of zero. Switches that are OFF have
a non-zero binary value. The sum of the binary values of DIP switches 1
through 8 is the board's base address. The binary values assigned to each
of the eight DIP switches are listed in the following table.

Binary Value (OFF) Default

Switch # Address Decimal Hex Setting
1 9 512 200 OFF
2 8 256 100 OFF
3 7 128 80 ON
4 6 64 40 ON
5 5 32 20 ON
6 4 16 10 ON
7 3 8 8 ON
8 2 4 4 ON

The PC23 is shipped from the factory with switches 1 and 2 in the OFF
position, all others are ON . The board address then is 256 + 512 = 768 (or
100 + 200 = 300 hex). As such, the PC23 is configured to occupy I/0O
address locations 300 hex through 303 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 allowable address locations are highlighted in the following table.
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Hex Range
000-01F
020-03F
040-05F
060-06F
070-07F
080-09F
OAO-0BF

0C0-ODF
oF0
OF1
OF8-OFF
1FO-1F8
200-207
20C-20D
21F
278-27F
2B0-2DF
2F1
2E2 8 2E3
2F8-2FF
300-31F
360-363
364-367
368-36B

Device
DMA Controller 1, 8237A-5
Intertupt controller 1, 8259A, Master
Timer, 8254-2
8042 (|

Keyboard) .
Real-time clock, NMI (non-maskable interrupt) mask

DMA page register, 74LS612
interrupt Controller 2, 8289A
DMA controlier 2, 8237A-5
Clear Math Coprocessor Busy
Coprocessor

Prototype Card
PC Network (low address)
Reserved

PC Network (high address)

Hex Range
36C-36F

Device

Reserved
Parallel printer port 1
SDLC, bisynchronous 2
Cluster
1
Monochrome Display and Printer Adapter
Enhanced Graphics Adapter
Color/Graphics Monitor Adapter
Diskstte Controlier
Serial port 1
Data acquisition (Adapter 1)

Cluster (Adapter 3)
GPIB (Adapter 1)
Cluster (Adapter 4)
GPIB (Adapter 2)
GPIB (Adapter 3)
GPIB (Adapter 4)
GPIB (Adapter 5)
GPIB (Adapter 6)
GPIB (Adapter 7)

Note: 11O Address, hex 000 1o OFF, are reserved for the system board 1O. Hex 100 to 3FF are available on the 'O channel.
Dimensional Drawings

Refer to the following figures for dimensions of the PC23 indexer board
and the adaptor box.

in (mm)

3.90
(99.086)

(7.62)

la
I

13.33 (338.58)

.20

9.23 (234.44)

o
| I (5.08)

T

13.06 (331.72)

62 (15.71) Typ. -—|

|

13.64 (346.45)

in (mm)

13.94 (354.07)

' £
AL
(20.57)
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C H A P T E R @

Troubleshooting
Chapter Objective

The information in this chapter is provided to help you to isolate and
resolve system hardware and software problems .

Spare Parts List

Description Part Number
25-Pin D connector plug 43-001989-01
25-Pin D connector shell 43-001990-01
Phillips screws 4-40 x 1/4 51-006021-01
Phillips screws 6-32 x 1/4 51-006037-01
Adaptor box mounting bracket §3-006007-01
Card guide 58-004144-01
Troubleshooting

This section discusses methods to identify, isolate, and resolve indexer-
related problems that may occur with your PC23 Indexer.

Isolating Problems

When your system does not 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.

Try to determine if the problem is mechanical, electrical, or software-
related. Can you repeat or re-create the problem? Do not attempt to make
quick 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.

Isolate each system component and ensure that each component functions
properly when it is run independently. You may have to remove your
system components and re-install them component-by-component to

@Troubleshooting 109

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



detect the problem. If you have additional components available, you may
want to use them to replace existing components in your system to help
identify the source of the problem.

WARNING

Make sure to remove power before disconnecting system components or
changing wiring.

Once you have isolated the problem, take the necessary steps to resolve it.
Refer to the problem solutions contained in this chapter. If your system's
problem persists, contact Parker Compumotor’'s Applications Department
at (800) 358-9070.

Problems & Solutions

Problem
No Communication

No Torque

Fault Light Comes On

Wrong Speed or Distance
Missing Encoder Counts

Motor Creeps

No POB Operation

No Trigger Inputs
Motor In tick
Creeps in Joys!

Cause Solution
1. Wrong Address 1. Change jumpers or software address
2. Two boarde have same 2. Change address on one board (unique addresses)
3. Board not seated 3. Seat board in IBM Bus
1. SVextemal powersupply ®© 1. Connect 5V external power supply 10 pin 23 and ground 1o pin 21
AUX Board is missing on any AUXILIARY connector.
2. Step puise width too
narrow for drive to 2. lssue MR command o set motor resolution.
recognize
3' l:nmls 9"9?‘1 . 3. Issue L3 or move load off of limit.
- Improper Winng- 4. Check wiing bo sute the sal-testjumper (JU13) is not
Drive Faults removed. Refer I Chapter 6.
Motor plugged to encoder
Encoder 10 wrong axis
Shutdown ne miswired
5. Load is jammed 5. Remove power and manually move load away from jam.
1. Improper wiring 1. Check wiring. Refer to Chapter 6.
2. Blown drive 2. Retum drive for repair.
3. Drive faulted 3. Remove fault condition.
4. Drive Shutdown 4. lssue the ST command to energize the drive.
1. Jumper JU13 removed 1. Ensure the salf-test jumper JU13 is not removed.
2. Hardware failure 2. Retum unit for repair.
1. Wrong resolution setting 1. Issue MR command 1 set motor resolution.
1. Miswiring 1. Check wiring. Refer 1o Chapter 6.
2. Encoder slipping 2. Tighten encoder coupler.
3. Encoder 1o hot 3 Fgcduoe encoder temperature with heatsink, thermal insulator,
1. Jumper JU13 removed 1. Install self-test umper (JU13).
2. Wrong encoder/motor polarity 2. Swap Channel A & Channel B of encoder, or issue OSA1
command.
3. Encoder connecied 1o wrong 3. Swap encoder 10 indexer connection.
axis
1. Improper wiring 1. Check wiring. Refer to Chapter 6.
2. Shorted POB 2. Check for shorts on open collector POB outputs.
3. No power © pull-up 3. Connect extemal 5VDC o pin 23 and GND o pin 21 on any
AUXILIARY connector.
1. Improper wiring 1. Check wiring. Refer to Chapter 6.

. Pot not centered to give 1.25Vin 1. Perform mechanical adjustment on joystick. Use J2 and J2
commands.

Reducing Electrical Noise

If you operate the PC23 in an environment in which there is an excessive
amount of electrical noise, try to eliminate sources of possible noise
interference. Potential sources of electrical noise include inductive
devices such as solenoids, relays, motors, and motor starters when they
are operated by a hard contact.

For more information on identifying and suppressing electrical noise,
refer to the Technical Data section of the Compumotor Programmable
Motion Control Catalog.
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Returning The System

If you must return your PC23 Indexer to effect repairs or upgrades, use the
following procedure:

® Get the serial number and the model number of the defective unit, and a
purchase order number to cover repair costs in the event the unit is
determined by Parker Compumotor to be out of warranty.

@ Before you ship the indexer to Parker Compumotor, have someone from your
organization with a technical understanding of the PC23 Indexer 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?

How many units failed?

What was happening when the unit failed (i.e., installing the unit, cycling
power, starting other equipment, etc)?

How was the product configured (in detail)?

What, if any, cables were modified and how?
With what equipment is the unit interfaced?
What was the application?

What was the system sizing (speed, acceleration, duty cycle, inertia, torque,
friction, etc.)?

What was the system environment (temperature, enclosure, spacing, unit
orientation, contaminants, etc.)?

What upgrades, if any, are required (hardware, software, user guide)?

® Call Parker Compumotor 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.

@ Ship the unit to: Parker Compumotor Corporation

5500 Business Park Drive, Suite D
Rohnert Park. CA 94928
Attn: RMA # 00000
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APPENDICES

Command Listing

A
AB
AV
B

C
CcG
CM
CR
D
DB
DPA
bw
ER
FR
FSA
FSB
FSC
FSD
FSE
FSF
G
GNNN

(ACCELERATION)

(REPORT ANALOG VOLTAGE, BINARY)

(REPORT ANALOG VOLTAGE, ASCII)

(BUFFER STATUS)

(CONTINUE)

(CORRECTION GAIN)

(SET CORRECTION MODE FOR POSITION MAINTENANCE)

(CARRIAGE RETURN)

(DISTANCE)

(DEAD BAND)

(DISPLAY POSITION ACTUAL)

(SET DEAD BAND WINDOW)

(ENCODER RESOLUTION)

(ENCODER FUNCTIONS REPORT)

(SET INCREMENTAL/ABSOLUTE MODE)

(SET INDEXER TO MOTOR/ENCODER MODE)

(POSITION MAINTENANCE)

(STOP ON STALL)

(ENABLE OUTPUT #6 ON STALL)

(ENABLE STOP ON TRIGGER #6)

(Go)

(SYNCHRONIZED GO)

(GO HOME ACCELERATION)

(GO HOME)

(BACKSPACE)

(SET DIRECTION)

(LOAD MOVE DATA)

(IMMEDIATE OUTPUT)

(INPUT STATUS )

(ENABLE/DISABLE JOYSTICK)

(SET JOYSTICK BACKLASH)

(SET JOYSTICK DEAD BAND)

(SET JOYSTICK BACKLASH COMPENSATION VELOCITY)

(SET JOYSTICK TO ZERO)

(KiLL)

(LooP)

(LIMIT ACCELERATION)

(LIMIT DISABLE)

(MODE ALTERNATE)

(MODE CONTINUOUS)

(MODE NORMAL)

(MODE POSITION ABSOLUTE)

(MODE POSITION INCREMENTAL)

{SELECT MOTOR RESOLUTION)

IDENTIFY CLOCK SOURCE FOR TIMED DATA

REAMING)

(START MASTER CLOCK FOR TIMED DATA STREAMING)

(SET MAXIMUM CORRECTION VELOCITY)

(END OF LOOP)

(outPuT)

Artisan Technology Group - Quality Instrumentation ...

(REPORT FUNCTION SETUPS)

(SET ENCODER DIRECTION)

(BACKUP TO HOME)

(DEFINE ACTIVE STATE OF HOME SWITCH)
(DEFINE ACTIVE STATE OF ENCODER'S Z
CHANNEL INPUT)

(ENABLE STALL DETECT)

(SET MAXIMUM JOYSTICK VELOCITY)

(SET FINAL GO HOME DIRECTION)

(REFERENCE EDGE OF HOME SWITCH)
(REPORT INCREMENTAL POSITION, ASCII)
(REPORT INCREMENTAL POSITION, BINARY)
(REPORT ABSOLUTE POSITION)

(PAUSE)

(REPORT ENCODER ABSOLUTE POSITION, ASCIl)
(REPORT ENCODER ABSOLUTE POSITION, BINARY)
(POSITION ZERO)

COMPLETE CURRENT COMMAND AND CLEAR
AND BUFFER)

(EXIT STREAMING MODE)

(ENTER IMMEDIATE VELOCITY STREAMING MODE)
(ENTER TIME-DISTANCE STREAMING MODE)

(ENTER TIME-VELOCITY STREAMING MODE)

(REPORT STATUS OF OS COMMANDS)

(INTERRUPT STATUS REPORT, BINARY)

(REPORT QS COMMAND FUNCTION ENABLE STATUS)
{(INTERRUPT ON SIGNAL COMMANDS)

{INTERRUPT ON TRIGGER #1 HIGH)

(INTERRUPT ON MOVE COMPLETE)

(INTERRUPT SIGNAL ON LIMIT ENCOUNTERED)
(INTERRUPT ON READY TO RESPOND)

(INTERRUPT ON COMMAND BUFFER FULL)

(INTERRUPT ON MOTOR STALL)

(REQUEST INDEXER STATUS)

(LIMIT SWITCH STATUS REPORT)

(REPORT LOOP, PAUSE, SHUTDOWN, TRIGGER STATUS)
(REPORT CLOSED LOOP AND GO HOME STATUS)
ﬁAogEE)Mumpusn IN IMMEDIATE VELOCITY STREAMING

(REPORT SOFTWARE PART NUMBER)
(STOP)
(STOP ALL)

DAETFAu)qE TIMED DATA STREAMING MODE STREAMING
(REPORT CONFIGURATION STATUS)
(MODE ALTERNATE STOP MODE)
(NORMAL/LOW VELOCITY RANGE)
(CLEAR/SAVE THE COMMAND BUFFER ON LIMIT)
(CLEAR/SAVE THE COMMAND BUFFER ON STOP)
(SHUTDOWN)
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(SIGNED BINARY POSITION REPORT)
(HEXADECIMAL POSITION REPORT)
(STOP LOOP)

T (TWE DELAY)

T ﬁg;r)m INTERVAL FOR TIMED DATA STREAMING
TR (WAIT FOR TRIGGER)

TS (REPORT TRIGGER STATUS)

v (PAUSE AND WAIT FOR CONTINUE)
UR (REPORT SCALE FACTOR STATUS)
us (SET POSITION SCALE FACTOR)

v (VELOCITY)

w1

w3

Y
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2'S COMPLIMENT-TO-DECIMAL CONVERSION 80

ABSOLUTE MODE 24
ABSOLUTE POSITION COUNTER 16
ABSOLUTE ZERO POSITION 24
ACCURACY 22

ACCURACY, CLOSED-LOOP 23
ACCURACY, OPEN-LOOP 22
ADAPTOR BOX GROUND WIRE 5
ADAPTOR BOX MOUNTING 9
ADDRESS LOCATIONS 107
ADDRESS SETTINGS 4
ALTERNATING MODE 25

APPLICATION CONSIDERATIONS 21
APPLICATION DEVELOPMENT V

ASSEMBLY ROUTINES 43
ATMOSPHERIC CONTAMINATION V

AUXILIARY CONNECTIONS 10
AUXILIARY CONNECTOR PINOUTS 104
AXIS-SPECIFIC PREFIX 21

BASE ADDRESS 4, 107

BASIC SUPPORT ROUTINE 43
BENCH TEST CONFIGURATION 3, 14
BINARY CONVERSION 100

BINARY INPUT MODE 40

BINARY POSITION REPORTS 100
BUFFER PAUSE 37

C SUPPORT ROUTINE 43
CARD GUIDE 5

CARTESIAN COORDINATES 51
CLOCK SELECTION 34
CLOSED-LOOP ACCURACY 23
CLOSED-LOOP HOMING 17
CLOSED-LOOP OPERATION 26
COMMAND

ATTRIBUTES 57

BACKSPACE 67

BACKUP TO HOME SWITCH 78

CARRIAGE RETURN 60

CHARACTERISTICS 56

CLEAR/SAVE THE COMMAND BUFFER ON LIMIT 95
CLEAR/SAVE THE COMMAND BUFFER ON STOP 95
COMPLETE CURRENT COMMAND AND CLEAR BUFFER 84
CONTINUE 59

DEFAULT 57

DEFINE ACTIVE STATE OF HOME SwiTCH 78
DEFINE ACTIVE STATE OF Z CHANNEL 79

DEeFINE TIMED DATA MODE STREAMING DATA 93
DESCRIPTION 58
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DisPLAY POSITION ACTUAL 61

ENABLE OUTPUT 6 ON STALL

ENABLE POSITION MAINTENANCE 64

ENABLE STALL DETECT 79

ENABLE STOP ON STALL 64

ENABLE STOP ON TRIGGER 6
ENABLE/DISABLE JOYSTICK 69

END OF LOOP 76

ENTER IMMEDIATE VELOCITY STREAMING MODE 84
ENTER TiMe VELOCITY STREAMING MODE 85
ENTER TIME-DISTANCE STREAMING MODE 85
ESTABLISH MAXIMUM JOYSTICK VELOCITY 79
EXAMPLE 58

EXxm STREAMING MODE 84

Go 65

‘GO (SYNCHRONIZED) 66

GO HOME 67

GO HOME ACCELERATION 66

IDENTIFIER 56

IDENTIFY CLOCK SOURCE FOR TiMED DATA STREAMING
MOoDE 75

IMMEDIATE OUTPUT 68

INPUT STATUS 68

INTERRUPT ON COMMAND BUFFER FULL 88
INTERRUPT ON LIMIT ENCOUNTERED 87
INTERRUPT ON MOTOR STALL 88
INTERRUPT ON MOVE COMPLETE 87
INTERRUPT ON READY TO RESPOND 88
INTERRUPT ON SIGNAL COMMANDS 86
INTERRUPT ON TRIGGER 1 HIGH
INTERRUPT STATUS REPORT 85
INTERRUPT STATUS REPORT (BINARY) 86
KiLL MOTION 71

LiMIT ACCELERATION 71

LiMiT DISABLE 72

LoAD Move DATA 68

Loor 71

MODE ALTERNATE STOP MODE 94

NAME 56

NORMAL/LOW VELOCITY RANGE 95
OuTpUT 76

OUTPUT ONTHE FLY 77

PAUSE 82

PAUSE AND WAIT FOR CONTINUE 98
RANGE 57

RATE MULTIPLIER IN IMMEDIATE VELOCITY STREAMING
MoDE 91

REFERENCE EDGE OF HOME SWITCH 80
REPORT ABSOLUTE POSITION 82

REPORT ANALOG VOLTAGE (ASCII) 59
REPORT ANALOG VOLTAGE (BINARY) 58
REPORT BUFFER STATUS 59
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RePORT CLOSED LOOP AND GO HOME STATUS 91
ReEPORT CONFIGURATION STATUS 94
REPORT ENCODER ABSOLUTE POSMON (ASCII) 83
REPORT ENCODER ABSOLUTE POSITION (BINARY) 83
REPORT ENCODER FUNCTIONS 62
REPORT FUNCTION SET-UPS 77
REPORT IMMEDIATE POSITION 99
REPORT INCREMENTAL POSITION 80
REPORT INCREMENTAL POSITION (BINARY) 80
REPORT INDEXER STATUS 89
REPORT LT SWITCH STATUS 89
REPORT LOOP, PAUSE, SHUTDOWN, & TRIGGER STATUS 90
RePORT QS COMMAND FUNCTION ENABLE STATUS 86
REPORT SCALE FACTOR STATUS 98
REPORT SOFTWARE PART NUMBER 92
REPORT TRIGGER INPUT STATUS 97
SELECT MOTOR RESOLUTION 74
SET ABSOLUTE/INCREMENTAL POSITIONING MODE 63
SET ACCELERATION 58
SeT CORRECTION GAN 60
Set DeAD BAND 61
SeT DEAD BAND WiNDOW 61
SET DIRECTION 67
SET DISTANCE 60
SET ENCODER DIRECTION 78
SET ENCODER RESOLUTION 62
SeT FiNAL GO HOME DIRECTION 79
SET JOYSTICK BACKLASH 69
SET JOYSTICK BACKLASH COMPENSATION VELOCITY 70
SET JovsTick DEAD BAND 70
SET JOYSTICK TO ZERO 70
SET MAxiMuM CORRECTION VELOCITY 76
SET MODE ALTERNATE 72
SeT MoDE CONTINUOUS 72
SET MODE NORMAL 73
SET MOTOR/ENCODER STEP MODE 63
SET POSITION ABSOLUTE MODE 73
SET POSITION INCREMENTAL MODE 74
SET POSITION SCALE FACTOR 98
SET TiME INTERFAL FOR TIMED DATA STREAMING MODE 96
SET VELOCITY 99
SET ZERO POSITION 83
SHUTDOWN 96
START MASTER CLOCK/TIMED DATA STREAMING MODE 75
Stor 92
SToP ALL 92
Stop Loor 102
SYNTAX 56
Tive DELAY 96
TyPe 56
UNITS 56
VERSION 56
WAIT FOR TRIGGER 97
COMMAND LISTING 113
COMMUNICATING WITH THE COMPUTER 41

COMMUNICATION PROCESS 43
COMPUTER LANGUAGE EXPERIENCE IV
COMPUTER PROGRAM DESIGN 45
CONTINUE (C) COMMAND 14
CONTINUOUS DATA STREAMING 39
CONTINUOUS MODE 25

CONTROL BYTE FLAGS 42
CONVENTIONS V

CusToM PROFILES 30

D

DANGERS V
DATA STREAMING RESTRICTIONS 37
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DATA STREAMING UPDATE INTERVALS 33
DEMONSTRATION DISKETTES 41
DIFFERENTIAL 106

DIMENSIONS 108

DIP SWITCHES 4, 107

DISCRETE DATA STREAMING 39

DRIVE CONNECTIONS 7

DRIVE FAULT 43

ELECTRICAL NOISE v, 110

ELECTRO-STATIC DISCHARGE (ESD) 5
ELECTRONICS CONCEPTS IV

ENCODER COMPATIBILITY 26
ENCODER CONNECTIONS 12
ENCODER CONNECTOR PINOUTS 105
ENCODER FEEDBACK FUNCTIONS 16
ENCODER INPUT CIRCUIT 105
ENCODER PINOUTS 13

ENCODER RESOLUTION 16, 27
ENCODER STEP MODE 27
END-OF-TRAVEL LIMIT FUNCTION 14
END-OF-TRAVEL LIMIT INPUTS 12
ENDLOOP COMMANDS 36

EXTERNAL CLOCK 34

Go HoMe (GH) coMmaND 17
Go Home STATuS (RC) COMMAND 17

HEXADECIMAL POSITION REPORTS 99
HEXADECIMAL-TO-BINARY CONVERSION 81
HEXADECIMAL -TO-DECIMAL CONVERSION 81
HOME ENABLE INPUT 11

HOME REFERENCE POSITION 11

HOMING FUNCTION 17

HOMING FUNCTION TEST 17

HYSTERESIS 23

170 CONNECTION PINOUTS AND CIRCUIT DRAWINGS 104
/O WIRING DIAGRAM 11

IBM (OR IBM-COMPATIBLE) COMPUTER EXPERIENCE IV
IBM OR IBM-COMPATIBLE COMPUTER Vi

INCREMENTAL ENCODERS 26

INCREMENTAL MODE 23

INPUT CIRCUIT 105

INPUT CONNECTIONS 11

INPUT DATA BUFFER (IDB) 41

INSTALLATION PRECAUTIONS 9

INSTALLATION PROCEDURES 9

INSTALLATION PROCESS OVERVIEW IV

INSTALLATION RECOMMENDATIONS V

INTERRUPT COMMANDS 53

INTERRUPT CONTROLLER CHIP 53

INTERRUPT OUTPUT 53

INTERRUPT REQUEST LINES 52

J

JOYSTICK ADJUSTMENTS 19
JOYSTICK COMMANDS 50
JOYSTICK CONNECTIONS 13
JOYSTICK INPUT CIRCUIT 106
JOYSTICK OPERATING MODE 49
JUMPER SETTINGS 106
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L

LANGUAGE CONSIDERATIONS 41
LIMIT INPUT CONNECTIONS 12

LIMIT SWITCH CONNECTIONS, TEST 14
LINEAR INTERPOLATION 51

LoOP 29

LOOP COMMANDS 36

MASTER ADDRESS 51

MASTER CLOCK 50
MOTION CONTROL CONCEPTS IV

MOTOR DRIVER CONNECTOR PINOUTS 104
MOUNTING BRACKET 5

MOVE COMPLETION SIGNALS 30

MOVE PARAMETERS 26

MOVE TMES 22

MULTI-AXIS SIMULATION 21

MULTI-AXIS STOP-ON-STALL 29

MuLTIPLE PC23 ADDRESSING 50
MuLTiPLE PC23s 50

NORMAL MODE 23

ON-THE-FLY 33

OPEN-LOOP ABSOLUTE ACCURACY 22
OPEN-LOOP HOMING 17

OPEN-LOOP OPERATION 26

OUTPUT CIRCUIT 105

OuTPUT CONVERSION 106

OUTPUT DATA BUFFER (ODB) 41
OUTPUT-ON-STALL FUNCTION 28
OUTPUTS 6

OVERSHOOT 18, 22

P

PASCAL SUPPORT ROUTINE 43
PCA CARD INSTALLATION 5

PoB 36

POB CONNECTIONS 11

POB CONNECTIONS, TEST 16

POB DATA POINTS 36

Poss 30

POSITION MAINTENANCE 27
PosITion REPORT 24

POSITION ZERO (PZ) COMMAND 24
POSITIONING MODES 23
POTENTIOMETER JOYSTICK 13
POWER SUPPLY 7

POWER SUPPLY CONNECTIONS 13
PROBLEM ISOLATION 109
PROBLEMS AND SOLUTIONS TABLE 110
PROGRAM CONTROL FEATURES 29
PROGRAM EXAMPLES 48
PROGRAMMING 43

PROGRAMMING LANGUAGE 41
PYTHAGOREAN THEOREM 52

READING CHARACTERS 47
REGISTER 41

RELATED PUBLICATIONS V!
REMOTE STOP INPUT 29
REPAIRS 111
REPEATABILITY 22, 26

RESET 42
RESETTING THE PC23 47
RESONANCE 21

RETURN MATERIAL AUTHORIZATION (RMA) NUMBER 111

RETURNING THE SYSTEM 111
RINGING 22

SELF TEST FUNCTION 5§

SETTUING TIME 22

SHIPKIT 3

SIGNAL POLARITY 16

SINGLE-AXIS OPERATION 21
SINGLE-ENDED 106

SLAVE ADDRESS 51

SPARE PARTS 109

SPECIAL DATA POINTS 35
SPECIFICATIONS 103

STATUS BYTE 46

STATUS BYTE FLAGS 42

STEP AND DIRECTION OUTPUTS 6
STOP-ON-STALL FUNCTION 28
STREAMING DATA (SD) FORMAT 34
SUPPORT DISK FILE STRUCTURES 44
SUPPORT DISKS 43

SYNCHRONIZING MULTIPLE PC23s 50
SYNCHRONOUS GO COMMAND 52

TERMINAL EMULATION 14, 23

TERMINAL EMULATION PROGRAM 8
Tests 7, 14

TIME-DISTANCE STREAMING 33
TIME-DISTANCE STREAMING EXAMPLE 38
TIME-VELOCITY STREAMING 33
TIME-VELOCITY STREAMING EXAMPLE 38
TIMEZD DATA STREAMING 32

TRIGGER INPUT CONNECTIONS 12
TRIGGER INPUT CONNECTIONS, TEST 15
TROUBLESHOOTING 109

U

UPDATE INTERVAL 33
UTILITY COMMANDS 14

\'}

VELOCITY STREAMING 31
VELOCITY STREAMING MODES 30

WARNING AND CAUTION NOTES V
WATCHDOG TIMER 42, 43
WRITING CHARACTERS 48

X

X LANGUAGE COMMANDS 23, 41
X-Y POSITIONING SYSTEM 52

Z

Z CHANNEL 18
Z CHANNEL OUTPUT 12

Index

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

117



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



Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




