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Herstelierhescheinigung

Hiermit wird bescheinigt, dag das Ger&t/System HP 3852A
in Ubereinstimmung mit den Bestimmungen von Postverfligung 1046/84 funkentst&rt ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerétes/Systems angezeigt und
die Berechtigung zur Uberpriifung der Serie auf Einhaltung der Bestimmungen eingerdumt.

Zusatzinformation fur MeS- und Testgerdte

Werden Meg3- und Testgerdte mit ungeschirmten Kabeln und/oder in offenen Mefaufbauten
verwendet, so ist vom Betreiber sicherzustellen, daf die Funk-Entst@rbestimmungen unter
Betriebsbedingungen an seiner Grundstlicksgrenze eingehalten werden.

Manufacturer's deciaration

This is to certify that the eguipment HP 3852A

is in accordance with the Radio Interference Requirements of Directive FTZ 1046/84. The Ger-
man Bundespost was notified that this equipment was put into circulation, the right to check
the series for compliance with the requiremenis was granted.

Additional Information for Test- and Measurement Equipment

If Test- and Measurement Equipment is operated with unscreened cables and/or used for
measurements on open set-ups, the user has to assure that under operating conditions the Radio
Interference Limits are still met at the border of his premises.

NOTICE

The information contained in this document is subject to change without notice.

HEWLETT-PACKARD MAKES NO WARRANTY OF ANY KIND WITH REGARD TO THIS MATERIAL, IN-
CLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. Hewlett-Packard shall not be liable for errors contained herein or for incidental

or consequential damages in connection with the furnishing, performance or use of this material.

Hewlett-Packard assumes no responsibility for the use or reliability of its software on equipment that is not furnished
by Hewlett-Packard.

This document contains proprietary information which is protected by copyright. All rights are reserved. No part of
this document may be photocopied, reproduced or translated to another language without the prior written consent
of Hewlett-Packard Company.

Copyright © 1985 by HEWLETT-PACKARD COMPANY
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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the factory.
Hetwlett-Packard furiher certifies that ifs calibration measurements are traceable to the National Institute of Standards and
Techmologies, to the extent allowed by the the Institute’s calibration facility, and to the calibration facilities of other
International Standards Organization mentbers.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in marterials and workmanship for a period
of one year from date of shipment. During the warranty period, Hewlett-Packard Company will, at its option, either
repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buver shall prepay
shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer shall
pay all shipping charges, duties, and taxes for products returned to -hp- from another country.

Duration and conditions of warranty for this instrument may be superceded when the instrument is integrated into
{becomes a part of) other -hp- instrument products,

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute
its programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the
operation of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY
The foregoing warranty shall not apply to defects resulting from improper or inadeqguate maintenance by Buyer, Buyer-
supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental specifica-
tions for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY DISCLAIMS
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard products.

For any assistance, contact your nearest FHewliett-Packard Sales and Service Office. Addresses are provided at the back
af this manual. '
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WARNING, CAUTION, and NOTE Symbols

Some labels on the HP 3852A, HP 3833A, and plug-in accessories include an international
warning symbol (triangle with subscripted number) which refers the reader to the manuals for
further information. This table shows the warning symbols used for the HP 3852A/3853A and
plug-in accessories. Refer to the manual set for specific information on WARNINGS,
CAUTIONS, or NOTES referenced with a warning symbol.

HP 3852A WARNING, CAUTION, and NOTE Symbois

Symbol Meaning Location
Shock hazard originating . Analog Extender Connector
outside the instrument on Power Supply Modules
| {field wiring)
~~~~~ 1 . Terminal modules on plug-in

accessories

. Component module covers
on plug-in accesscries

Treat all channels as . Inside terminal modules
“one circuit” for safety on plug-in accessories
g purposes.

. Metal cover on component
modules of piug-in
accessulies

Maximum number of certain . HP 44T701A, HP 44702A/8,
piug-in accessories 1o be HMP 44727AIBIC plug-in
3 installed into an HP 3852A accessories
or HP 3853A.
If High-Speed FET multi- L MP 44T711A, 44712, 44713A
/I\ piexers are used with the {referenced on HP 44702A
LB N A HP 44702A/B, ribbon cable and HP 447028)

may be connecied.
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SAFETY SUMMARY

The following general safety precavtions must be shserved during aill phases of operation, servise, and repair of this instrument.
Failure te compiy with these precautions or with specific warnings efsewhere in this manual violates safety standards of design,
manufacture, and intended use of the instrument. Hewleti-Packard Company assumes no liability for the customer’s failure
to comply with these requirements,

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected te an electrical ground.

DG NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any electrical
instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCEITS

Operating personne! must not remove instrument covers. Component replacement and internal adjustments
raust be made by qualified maintenance personnel. Under certain conditions, dangerous voltages may ex-
ist even with the instrument switched off. To avoid injuries, always disconnect input voltages and discharge
circuits before touching them.

DO MOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment uniess another person, capable of rendering first aid and
resuscitation, is present.

B0 NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute parts or perform any
unauthorized modificaticn to the instrument. Return the instrument to a Hewlett-Packard Sales and Ser-
vice Office for service and repair to ensure that safety features are maintained.

DO MOT GPERATE A DAMAGED INSTRUMERT

Whenever it is possible that the safety protection features built into this instrument have been impaired,
either through physical damage, excessive moisture, or any other reason, REMOVE POWER and do not
use the instrument until safe operation can be verified by service-trained personnel. If necessary, return
the instrument to a Hewlett-Packard Sales and Service Office for service and repair to ensure that safety
features are maintained.
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Operating and Safety Symbols

~ LINE

ATTENTION
Static Sensiive
Devicos

NOTE

CAUTION

WARNING

Symbols Used On Producis And In Manuals

AC line voltage input receptacle.

Instruction manual symbol affixed to product. Warns and cautions the user
to refer to respective instruction manual procedures to avoid personal
injury or possible damage to the product.

Indicates dangerous voltage — terminals connected to interior voltage
exceeding 1000 velts.

Protective conductor terminal. Indicates the field wiring terminal that must
be connected to earth ground before operating equipment — protects against
electrical shock in case of fault.

Clean ground (low-noise). Indicates terminal that must be connected to
earth ground before operating equipment — for single common connections
and protection against electrical shock in case of fault.

Frame or chassis ground. Indicates equipment chassis ground
terminal — normally connects to equipment frame and all metal parts.

Affixed to product containing static sensitive devices — use anti-static
handling procedures to prevent electrostatic discharge damage to
components.

HOTE
Calls attention to a procedure, practice, or condition that reguires special
attention by the reader.

EAUTION
Calls attention to a procedure, practice, or condition that could possibly
cause damage to equipment or permanent loss of data.

WARNING .
Calls attention to a procedure, practice, or condition that could possibly
cause bodily injury or death.
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Chapter 1
Introduction

Manual Contents

This manual contains the following:

e Chapter 1 - Infroduction summarizes manual contents and gives a
description of the HP 44714A 3-Channel Stepper Motor Controller/Pulse
Output accessory including a block diagram.

e Chapter 2 - Setting Up the HP 44714A Hardware provides information
on 1) How to set jumpers, connect wires to, and install the accessory
terminal module tc the component module and 2) How to install the
accessory into the HP 3852A mainframe or HP 3852E extender frame.

¢ Chapter 3 - Programming the HP 44714A provides information on
programming the Stepper Motor Controlier/Pulse Gutput. You can find
programming examples with simplified examples of hardware connections
needed in conjunction with the HP 44714A commands used in the
programs. An alphabetical listing of all HP 44714A commands and a
grouping by function is provided in the “Command Summary’’ section
of this manual. A detailed description of the commands with
prerequisites for using the command, parameter definition, programming
examples, and power-on and default conditions can be found in the HP
3852A Command Reference Manual (HP P/N 03852-90003).

e Chapter 4 - Command Summary summarizes the HP 44714A commands
by functional group and provides an aphabetical listing of all commands.

A brief description of each command and the syntax is given.

» Appendix A - Specifications for the HP 44714A are given in Appendix A,

introduction -1



ACC@SS@!’y The HP 44714A 3-Channel Stepper Motor Controller/Pulse Output

Description

HF* 447144 3~CHANNEL
CONTROLLERPULSE OUTPUT

accessory for the HP 3852A can be used for either stepper motor control
or general purpose pulse output. The HP 44714A is designed to provide the
control signals for all types of stepper motor drivers. You can generate
continuous pulses or a fixed number of pulses while you control the pulse
width and frequency of the pulses. There are additional features available
for controlling stepper motor limits of travel and determining position of
the motor. Position can be monitored by using either the internal counter
or by physically monitoring position with an opiical encoder and the
quadrature counter. Two modes of operation are provided 1} Changing
frequency of pulses with a fixed pulse width (stepper motor control) and 2}
Changing width of pulses with a fixed frequency (pulse output}. Figure 1-1
shows the two modes of operation and a simplified block diagram of the
HP 44714A.
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Figure 1-1. Simplified Block Diagram



Getting
Started

Define Your
Application

Set Up the
Hardware

Program the
Accessory

You need to perform three tasks to begin using the HP 44714A accessory:
s Define your applcation

e Set-up the hardware

¢ Program for siepper motor control or pulse output.

The HP 44714A can be used for stepper motor control or for general
purpose pulse output, You first define the use of the HP 44714A and
verify that the specifications of the accessory meet the requirements of your
application. For stepper motor control, the HP 44714A connects to a step
motor driver. You determine the type of cutputs and the logic sense (high-
true or low-true) required to control your motor drivers. Additionally, you
must determine whether the HP 44714A outputs are to be isolated or non-
isolated. For general purpeose pulse output, you alsc determine the type of
ocutputs, the logic sense required, and whether the HP 44714A outputs are
to be isclated or non-isclated. Refer to the specifications listed in
Appendix A to verify the HP 44714A meets your application requirements.

All hardware set-up is performed on the terminal module which attaches to
the component module, You set jumpers to fit your application and
connect vour field wiring, Instructions for doing this is provided in Chapter
2 titled *‘Setting Up the HP 44714A Hardware.”

You are ready to begin programming the HP 44714A after the hardware is
set up and the accessory is installed in a mainframe or extender frame.
Programming information is provided in Chapter 3 titled “‘Programming
the HP 44714A”°. This information is divided into *‘Programming for
Stepper Motor Control”’ (where controlling frequency or velocity is of
primary concern) and “‘Programming for General Purpose Pulse Cutput”’
(where controlling pulse width is of primary concern). Chapter 4 is a
summary of HP 44714A commands.

tntreduction 1.3
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Chapter 2

Up the HP 44714A Hardware

Warnings
and
Cautions

A\,

This section summarizes the WARNINGS and CAUTIONS that apply to
the HP 44714A. Review all WARNINGS and CAUTIONS before setting
up any of the HP 44714A hardware.

WARNING
SHOCK HAZARD. Only qualified, service trained personnel who are
aware of the hazards involved should install, remove, or configure any
accessory. Before touching any installed accessory, turn off all power to the
mainframe, extenders, and to all external devices connected to the
mainframe, extenders, or accessories.

WARNING
POSSIBLE OPERATOR INJURY. For safety, consider all accessory
channels to be at the highest potential applied to any channel.

WARNING
POSSIBLE OPERATOR INJURY OR EQUIPMENT DAMAGE. The
terminal module TEST jumper (J581} must be set to the “NORM’’ position
when application wiring is connected. A test pattern of pulses is output by
the TEST command when the TEST jumper is in the “TEST’’ position. An
application connected to the module under test conditons can cause
uncontrolled motion damaging the equipment and/or injuring the operator.

CAUTION
STATIC SENSITIVE. Use clean-handling techniques when handiing the
accessory. Do not install an accessory without the metal covers aftached.

Setiing Up the HP 447144 Hardware 2-1



Hardware The HP 44714A accessory physically consists of a component module and a
Set-Up Sﬁepg terminal module as shown in Figure 2-1. All hardware set-up and wiring is
@ thr‘@ugh performed on the terminal module. You connect the terminal module to the
“  component module and install the entire component module/terminal
module accessory in a frame. The HP 44714A connects t¢ the mainframe
or extender backplane thru edge connector terminals on the component
module.

Whether you use the HP 44714A as a stepper motor controller or for
general purpose pulse output, you perform the same set-up procedure
except for the field wiring. Figure 2-2 illustrates the seven steps required for
setting up the HP 44714A hardware (steps 4 and 5 are only required if
limit switches are installed (Step 4} or if an optical encoder is connected to
the quadrature counter {Step 5}. In the text that follows, the steps are
denoted by a circle around the step number (i.e. step no. I =)}

@ Setiing A test jumper is present on the HP 44714A terminal module (see Figure
the TEST 2-2, Step(D). When the terminal module is connected to your application,
Jumper the jumper must be in the “NORM’’ position. Refer 1o the HP 44714A
Service Manual for setting the test jumper to the “TEST"' position and

testing the HP 44714A.

WARNING
OPERATOR INJURY OR EQUIPMENT DAMAGE. Set the TEST
Jumper (J581) on the terminal module to the “NORM’ position before
wiring your application. Refer to the FIP 44714A Service Manual for
testing of the module with the jumper in the “TEST’ position.

2.2 Setting Up the HP 44714A Hardware
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Figure 2-1. HP 44714A Terminal and Component Modules
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Figure 2.2. HP 44714A Hardware Set-Up Steps

There are five jumpers for each channel (located on the terminal module)
that must be set to either the “ISOLATED’ or “NON ISOLATED”
position. These jumpers provide isolated STBY, NDIR, and PSTP outputs
when set to the “ISOLATED” position. All five jumpers for a channel
must be set in the same position but some channels can be isolated and
others non-isolated. Figure 2-3 shows the isolation jumpers for all three
channels. The following sections, including Figures 2-4 and 2-5, illustrate
what the isolation and non-isolation modes are and what pull-up resistors
are provided. When the jumpers are in the “NON ISOLATED”’ position,
the internal + 5V and ground are connected to the pull-up resistors and the
STBY, NDIR, and PSTP outputs are routed through buffers instead of
through the opto isolators.

2-4 Setting Up the HP 44714A Mardware
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Figure 2-3. Terminal Module Output Isclation Jumpers

The PVCC and PCOM inputs can be used to power the opto isolation of
the pulse output lines with an external power supply. You use an external
power supply where your application is in a noisy environment and you are
concerned that a power supply glitch may cause an output pulse and move
a motor. Operating the HP 44714A in the “ISOLATED’’ mode with an
external power supply can reduce power supply glitches that cause an
additional ocutput pulse. Figure 2-4 shows a simplified diagram of output
isolation.
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Figure 2-4. Qutput Isolation Simplified Diagram

Pull-Up The pull-up resistors present on the terminal module for the STBY, NDIR,

Resistors and PSTP outputs have a value that is selected for use with an external
+ 20V power supply to allow a current of 6 mA, For external power supply
(isolated) voltages less than + 20V, you can decrease the 3.3K pull-up
resistance value with external resistors in parallel and still allow 6 mA of
current with the lower power supply voltage. Doing this optimizes the
performance of the HP 44714A allowing you to achieve the pulse width
specifications. Figure 2-5 shows the value of the external resistor needed for
different power supply voltages and the resultant parallel combination pull-

up resistor value,
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Wiring the

HP 44714A

Terminal

Module
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Figure 2-5. Pult-Up Resistor Selection

You make your field wiring connections to the HP 44714A terminal
module after you have set the jumpers for each channel. If you are using
the HP 44714A for stepper motor control, you may have more field wiring
to the terminal module because of limit, halt, and guadrature counter
inputs which are not used for general purpose pulse output. The PSTP,
NDIR, and STBY pulse ouputs are used in both applications and so are the
PVCC and PCOM external power supply inputs for isolating the pulse
outputs. Information for these inputs and outputs is presented first. You
then find information for using the limit, halt, and quadrature counter
inputs for stepper motor control.
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NOTE

Connectors on the terminal module will accept wire sizes up to a maximum
of 18 AWG. 18 AWG = 1.02 mm diameter and 0.823 mmz cross sectional
areq.

Wiring the Connections of the PSTP, NDIR, and STBY pulse output lines are

Pulse Quipuis dependent on your application. Connections for stepper motor control will
be dependent on the type of step motor driver used. Connections for
general purpose pulse output depend on the device being driven.

NOTE
If you are controlling stepper motors, refer to the installation instructions
supplied with the motor driver you are using between the HP 44714A and
the motor for wiring instructions of step/step or step/direction drivers.

Figure 2-2 step(3) identifies the pulse outputs and external power supply
inputs.

1. External power supply inputs for isolating the pulse outputs (PVCC and
PCOM).

2. PSTP, NDIR, and STBY pulse outputs.

ROTE
For general purpose pulse output, you can use the HALT input for
manually stopping the pulse frain. Refer to the section titled “*Limit and
Halt Switch Inputs” for information on using a HALT switch.

Wiring the Whether you use the HP 44714 as a stepper motor controller or for general
External pulse output, you can isolate the PSTP, NDIR, and STBY pulse outputs by
Power Supply using an external power supply. To use an external power supply, you
should have all jumpers for a channel set to the “ISOLATED” position.
Figure 2-4 illustrates how an external power supply is connected. Figure 2-2
step(3) shows the PVCC and PCOM connectors on the terminal module.
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Additional
Wiring for
Stepper
Motor Control

Limit and Halt
Switch Inputs

MNOTE
The remaining set-up procedures apply to stepper motor control or to dc
motor control. You can however, use the HALT input for general purpcse
pulse output.

This section gives you additional information to wire the limit and halt
switches and the quadrature counter for stepper motor control. The inputs
and ouiputs described are:

1. Positive and negative limit and halt inputs (PLIM, NLIM, and HALT).
2. Quadrature counter inputs {(xQDB, +QDA, and +QDI).

3. Optical encoder power supply outputs (QPWR and QGND).

You have the ability to limit motor travel in both the positive and negative
direction. Limit swiiches placed in vour stepper motor application can
provide a hard-wired input to the HP 44714A when a limit is reached. A
HAILT switch can also provide a hard-wired input to stop operation at any

time (i.e. emergency stops). Figure 2-6 shows where positive and negative
limit switches and halt switch inputs are made on the terminal module.
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Figure 2-6. Limit and Hall Switch Inputs

Quadrature Motor shaft movement is physically monitored by attaching a shaft encoder
Counter Inputs to the motor shaft. Encoder pulses are input to the quadrature counter
and Quiputs which keeps track of distance and direction of motion. Figure 2-7 shows a
typical shaft encoder connected to the terminal module. Note that power
for the encoder is supplied by the HP 44714A via the QPWR and QGND

terminals,
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C@ﬁﬂ@@ﬁﬁg After all field wiring is connected to the terminal module, you install the

the Terminal cover and install the terminal module to the component module. Figure 2-8
Module to shows the terminal module with cover and how it is installed on a

Co mpon ent component module.
Module

Setting Up the HP 44714A Hardware 2-11



COMPONENT
MODLE &

e @

R W

The o,
£ s irehes Areim aTRELT AL 34D AT
= Frifiyiedy

D, F
Rt e SR SORCRInG TO ST TRINED ML

BT BN S, P TR e
RESHRD Al LECTERORY MUARLE 47 FC0N) AT T b ST,
opgerbiiaitipapiiy iy ing

§
s
io i i
i
H

SPRING
LOADED

S y
E //7/ BBEIP: AL F. Y
N

* To remove terminal! moedule cover, seperate terminal module from component modute.
Use flet-vladed screwdriver to iurn spring-loaded fastener 174 turn
countercleckwizse, Lift cover from terminmal module

¢ Ta repiace farmina cdiyle cover, imgert tabs on cover intoe module slots.

Lower cover io moduie, press down on spring-loaded fastensr and turn
1/4 turn siockwige te close.

¢ Commect the terminal module to the component module and turn the locking
~ing to the right te losk the terminal module te the component module.

Figure 2-8. Accessory Terminal Module with Cover
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Insta&iiﬁg Figure 2-9 gives vou instructions for installing and removing an HP 44714A
the accessory from a mainframe or extender frame.

Accessory

Into a Frame

R
° g T
A ®
gécmﬁg friin]
UL
[ _—
LT
EC
@M’

IBEIPAL4FL 18

instailing an Accessory : Removing an Accessory
1. Connect the terminal module to the component 1. Turn the locking ring to the UNLOCK position
maodute and turn the locking ring to the right to lock and pull on the ring tc remeve the terminal modute,
the terminal module to the compaonent module. The component module wili remain in the slot.
2. Line up the ridges on the top and bottom rails 2. Toremove the component module, place your
of the accessory with the slot guides to the loft right forefinger in the hole in the top rail of the com-
of the slot number on the mainframe. Make sure ponent module and your left forefinger on the slot
the terminal module cover is facing left. latch in the bottom rait of the component module.
3. Slide the accessory inte the siot and press firm- 3. Press down on the slot lateh while pulling firmly
ly on the terminal to lock the accessory in the siot, on the component module. BE CAREFUL —vou can
You'li hear a click when the accessory locks. easily pinch your left forefinger between the siot
latch and the bottom piastic rail of the component
moduie.

Figure 2-8. installing/Removing an Accessory

initial After installing the component and terminal modules for the HP 44714A,
Checks tum on power for the mainframe and enter the ID? command from the
front panel. At power-on following the ID? command, a 3-Channel Stepper
Motor Controller/Pulse Output accessory with terminal module returns
“44714A°" while the accessory without the terminal module returns
“A47XXKX." If the terminal module is removed after the power-on
sequence, subsequent ID7 commands will continue to return “44714A.”
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If the HP 44714A does not return ““44714A°° as previously described, first
verify that you have mainframe firmware revision 3.0 or greater. Do this
by entering the IDN? command and the mainframe returns the revision
code. Also, verify you have addressed the correct slot and that the terminal
module is installed. If these itemis are verified and the correct display is not
returned, refer to the HP 3852A Assembly Level Service Manual for service
procedures.

Hardware set-up is now complete. The accessory’s parameters are set (o
their power-on/reset state which is listed in the beginning of Chapter 3
Programming the Stepper Motor Controller/Pulse Output.
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sramming the Stepper
Controller/Pulse

The HP 44714A can be used either as a stepper motor control or for
general purpose pulse output. This programming section is divided into two
parts to help vou effecientlv program vour application either way:

e Programming For Stepper Motor Contro!l

¢ Programming For General Purpose Pulse Output

Each section shows the Pulse/Motor Driver Set-Up Commands sct-up for
the type of application the HP 44714A is used in. Examples of Qutput
Commands are given in each part for the application described.
Additionally, some command groups are intended for stepper motor control
but can be used in general purpose pulse applications i.e. limit commands,
position commands, and guadrature counter commands. A listing of all
commands for the HP? 44714A plug-in accessory is provided in the last
section of this manual titled “Command Summary”’. Below is a summary
of the commands by functional group.

o PULSE/MOTOR DRIVER SET-UP o LIMIT COMMANDS
COMMANDS HARDLIM
STANDBY HALT
PULSE
PROFILE o POSITIOR COMMANDS
PSCALE POS

POS?
* OUTPUT COMMANDS DONE?
MOVE
SUSTAIN * QUADRATURE COUNTER
TRIG COMMANDS
DELAY OSCALE
HALT SGL QINDEX
QPOS

« |[HTERRUPT COMMANDS
ENABLE INTR
DISABLE INTR
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Power-On/
Resetl State

STANDBY

PULSE

PROFILE

PSCALE
DELAY

TRIG

HALT

HARDLIM

MNOTE

The PROFILE command has parameters that are specified to profile
Jrequency for a stepper motor controller and to profile pulse widith when
used for pulse cuiput use. You can program more effeciently by going to
the part of this programming section that deals with the way you intend o
use the accessory. The PROFILE command is described for the specified
use under each application heading. The remaining PULSE/MOTOR
DPRIVER SET-UUP COMMANDS are discussed under each application
heading as they apply to that application,

After power-on or when the HP 44714A is reset, all interrupts are disabled.
Additionally, command parameters are set to that listed below. It is only
necessary Lo execute a command to change a parameter from the power-on
state.

mode = AUTO
sense = HI
mode = 8§

PSTP _sense = LO
NDIR _sense = LO

mode = FREQ
min =  Hz
max = 250 Hz

sfope = 500 Hz/sec
pulse width = S0E-6 sec (53¢ microsec)

scale__fuctor = 1.0
time = 0.000 seconds
mode = AUTO
mode = LO

Plim._. sense = LO
Nlim__sense = LO
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QSCALE
QINDEX

Error
Message
Summary

gfactor = 1.0

mode = OFF

A summary of error messages that are generated by the HP 44714A is
provided in this section. The error number and a description of each
message is given.

ERROR #
89

90

N

92

g3

94

MESSAGE
""ACCESSORY BUSY"

"NO ACTION DEFINED”

"MUST STOP TO CHANGE DIRECTION”

“NOT VALID IN WIDTH MODE"”

"TERMINAL CARD TEST JUMPER SET"

"CANNOT MOVE WHILE STANDBY ON”

Programming the Stepper Motor Contretler/Pulse Quipul

DESCRIPTION
A move is In progress,

TRIG 5GL encountered without a
corresponding MOVE or SUSTAIN
command preceeding it.

A running SUSTAIN command must be
stopped with HALT or SUSTAIN 0 before
a command to reverse direction can be
executed.

A MOVE command cannot be executed
when the PROFILE command is in the
width mode,

Wilt not execute a MOVE or SUSTAIN
command when test jumper is in the
"TEST" position.

Motor canngt move when powered down
by STANDBY in the ""ON'" mode.
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Programming For Stepper Motor Control
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The HP 44714A is used as the digital control of a stepper motor driver
assembly installed between your HP 3852A/44714A and the stepper motors
{See Figure 3-1a). Stepper motor drive assemblies can be of different types.
One type has one input for pulses to move the motor and another input to
specify CW or CCW movement (direction). The second type has two inputs
for pulses to move the motor; one input for CW movement and one input
for CCW movement. You can set up the HP 44714A to control either type
of stepper motor drive assembly. Figure 3-1b and 3-1c show the two
configurations which are discussed further in the section titled ‘‘Setting the
Pulse Mode and Sense.”

There are six groups of commands used for stepper motor control. They
are listed below with a brief description of the activities in each group.

1. PULSE/MOTOR DRIVER SET-UP
a, Set the STANDBY mode/logic sense (set-up for the type of driver
used)
b. Set the PULSE mode (set-up for the type of driver used)
¢. Set the trapezoidal motion PROFILE (specific to your type of
motor)
d. Set the motion scale {specific to your application)

2. PULSE OQUTPUT COMMANDS
a. Stepping a fixed number of times
b. Stepping the motor indefinitely until commanded to halt
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Pulse/Motor

Driver

Set-Up

Setting the
Motor Drive
Power Turn-0%f
Mode and Sense

3, INTERRUPT COMMANDS (optional)
a. Enable interrupts generated by the HP 44714A
b. Disable interrupts.

4. LIMITS SET-UP (optional)
a, Set the hard limits using limit switches
b. Set the emergency halt limit using a limit switch

5. POSITION SET-UP (optional)
a. Loading the current position value into memory
b. Querying the current position value

6. QUADRATURE COUNTER SET-UP (optional)
a. Setting the counter motion scale
b. Setting the counter index
¢. Querying the counter position value

The pulse output must be set to be compatible with the type of motor
driver assembly used. This requires setting the PULSE mode and logic
sense to control step/direction or step/step motor drivers. If you intend to
power down a motor when it is idle, you must set the correct mode and
logic sense for the STANDBY command to make the STBY output
compatible with your motor driver. The motion PROFILE and scale factor
are also defined for pulse set-up.

COMMAND DISCUSSED:
STANDBY [mode] [sense] [USE ch]

The STANDBY command controls the operating mode and logic sense of
the STBYn outputs of the HP 44714A. It is needed only if you intend to us
the STBYn cutput to signal the motor driver to partiaily or completely
remove power from the motor after a move has taken place. This will
reduce the load on the power supply when it is not needed and reduce the
generation of heat when the motor is sitting idle.

The STANDBY command has three modes; OFF, ON, and AUTO. The
sense parameter can be HI or LO, At power-on, the mode is AUTO and
the sense is HI. If the STANDBY command is executed without a mode or
sense specified, the default is ON with the sense as previously set.

When vou specify the STANDBY mode AUTC and the logic sense HI, the
STBY=n output will be high when the motor is to be idle. When a MOVE
or SUSTAIN command is executed and triggered, the STBYn output goes
low to allow the motor to be powered up before the pulses are applied to
step the motor. After completing the move, the STBYn output goes high
after a delay to remove power. The ON and OFF options cause the
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controller to enter and exit the standby mode, respectively (ON=remove
power; OFF = apply power). You must check your motor driver
specifications for the logic sense (‘17 or **0"’) required to deenergize the

motor.
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DATA ACQUISITION/
CONTROL. UNIT

POWER
SUPPLY

Y

1

o

HP 447144 CHE

STEPPER MOYOR | CHI o

o |MOTOR DRIVE

ASSEMBLY #1

Loy

CONTROLLER ACCESSORY | _CHZ

r“—*’ MOTOR #2

Lo

MOTOR DRIVE
ASSEMBLY #2

—

MOTOR DRIVE
ASSEMBLY #3

JPRU—

A. DIGITAL CONTROL OF 3 MOTOR DRIVE ASSEMBLIES

CH @

POWER
SURPLY
HP 447144
PVCC & PCOM felf———e VEC/GND
PSTP, ALL PULSES #e] CLOCK
NDIR,, DIRECTION @ DIRECTION
STBY,, _POWER TURNZOFF ol uveut oFF

B. PULSE STEP/DIRECTION MODE (CHANNEL @ SHOWN)

POWER
SUPPLY

CH @

HP 44714A

FVCC & PCOM patfp———————
PSTR, PULSES FOR Cw .

NDIR PULSES FOR CCW,,

1oy, | POUER TURN-OFFy

VCGC/GND
oW
oow
OUTPUT COFF

CH 2

C. PULSE STEP/STEP MODE (CHANNEL @ SHOWN?

oo

MOTOR

DRIVE ASSEMBLY

CH ¢ MOTOR

il

MOTOR

DRIVE ASSEMBLY

MOTOR

MOTCR #1

u

-
MOTOR #3
R =

SBE2P: AL4.FL 1L

Figure 3-1. Controlling a2 Stepper Molor
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EXAMPLES: (For a motor driver that deenergizes a motor when STBYn is low)

10
20

10
20
30
40
50
60
70

QUTPUT 709;"STANDBY AUTO LO” IChanges sense to LO
QUTPUT 709;"MOVE 750 REL" IMotor power on, a move to 750 takes place,
motor power off

CUTPUT 709, STANDBY ON LO" ISense is LO; motor power off
* !

* ! other commands
* !

OUTPUT 709;"STANDBY OFF IMotor power on
QUTPUT 708;"MOVE 750 REL" IA move 1o 750 takes place
QUTPUT 708;"STANDBY GN” IMotor power off

The AUTO mode satisfies most application needs freeing you from having

to pr

ogram STANDBY on and off. In the AUTO mode, the STANDBY

command provides a one second delay in powering off the motor 10 keep
power constantly applied for multiple moves without removing and
applying power many times in a short period of time.

Setting the COMMAND DISCUSSED:

Puise Mode

and Sense PULSE mode PSTPn__sense [NDIR__sense} [USE ch]

1.

PARAIRETER VALID ENTRY

mode SDor 8S
PSTPn__sense Hi, LO, LH, or HL
NDIRn__sense HI, LO, M, or HL

The SD (step/direction) mode causes all pulses to appear at the
PSTPn output while the NDIRn output controls direction of motor
motion. Direction of motion is specified by using a positive or
negative number in the MOVE or SUSTAIN command. See Figure
3-1b.

The PULSE command establishes which outputs the pulses appear at
(PSTPn and NDIRn) and whether the pulses are to be low-high-low or
high-low-high. You direct pulses to the PSTPn and NDIRn outputs
with the SD and S8 mode parameters of the PULSE command.

Low-high-low pulses are set by declaring the HI or LH option for the
PSTPn__sense parameter (LO or HL causes high-low-high pulses). The
NDIRn_ sense parameter sets the sense for the NDIRn output which
will indicate positive moves. For example, if HI is selected for
NDIRn__sense, a high on this output will set the motor driver for
positive stepper motor motion. If nothing is declared here, the sense
defining positive motion is the same as set for PSTPn.
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2. The SS (step/step) mode causes pulses intended for positive motor
motion to appear at the PSTPn output while pulses intended for
negative motor motion will appear at the NDIRn output. Direction of
motion is specified by using a positive or negative number in the
MOVE or SUSTAIN command. See Figure 3-lc.

The PSTPn__sense parameter defines low-high-low or high-low-high

pulses for PSTPn as in the SD mode. The NDIRn__sense parameter

defines the sense for NDIRn. If the NDIRn__sense is not declared, it
is the same as that declared for PSTPn.

Figure 3-3 illustrates the PULSE command used in a program controlling a
stepper motor.

Defining COMMAND DISCUSSED:
a Motion
Profile PROFILE FREQ min max slope pwidth [USE ch]

PARAMETER MEANING

FREG frequency profile (varsus pulss WIDTH profile used for puise output)
min minimum frequency

max maximum frequency

stope rate of change between frequencies

pwidth pufse width of ali pulses generated

Stepping motors operate more efficiently by starting step pulses at a
frequency the motor can respond to from the idle state and ramping to a
higher frequency where the motor will not miss a pulse. To stop the motor,
it is more effecient to ramp down from the higher frequency to a frequency
that the motor can stop at without advancing a step due to inertia. This
type of pulse train is called a trapezoidal motion profile.

The PROFILE command is used to define a trapezoidal motion profile to
ensure that the frequency of pulses is not faster than that which the motor
can respond to. The frequency specified can be interpreted as motor
velocity. The profile dictates a minimum frequency, maximum frequency,
and the rate of change when going from one frequency to another within
the minimum and maximum. Also defined is the width of the pulses
generated. This motion profile dictates the pulse train generated by the
MOVE and SUSTAIN commands. A specified frequency not within the
min/max window will cause an error to be generated. Figure 3-2 shows
typical trapezoidal motion profiles and Figure 3-3 illustrates the use of the
PROFILE command in a program controlling a stepper motor.
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PROFILE FREG
Setting
Conflicis

Scaling
Motor
Motion

The min, max, and slope parameters impose certain operating restrictions.
You cannot operate at a frequency less than min or greater than max and a
slope of 0 will not allow the frequency to be changed.

A “‘settings conflict’’ error is generated if you specify parameters in the
PROFILE command which conflict i.e. specifying a pulse width larger than
the period of the max frequency. This section lists examples of PROFILE
command setting conflicts and describes why the command will cause an
error.

COMMAND SYRTAX SETTIHGS CONFLICY
"PROFILE FREQ 100 800 O 25E-6" slope = 0; min-to-max freq range unattainable
""PROFILE FREQ 0 800 0 2BE-6"” min = 0; slope = 0; no pulses can be generated
""PROFILE FREQ 0 O O 25E-68" min = max = slope = 0; no pulses can be generated
"PROFILE FREC 0 1000 500 2E-3" pwidth larger than period of max frequency

""PROFILE FREQ 500 100 200 2£-3" min > max

COMMAND DISCUSSED:
PSCALE scale__ factor [USE ch)

The PSCALE command specifies the distance one step of the motor
(caused by one pulse) will generate, This distance can be a negative or
positive number specified in any units you desire (inches, feet, angle of
rotation, etc.). You can specify moves including profiles in units of
distance instead of number of pulses when you use the PSCALE command.
The default scale factor is 1.0. Each channel has a local processor which
stores the scale factor for that channel. You must declare a scale factor for
each channel where the default factor of 1.0 is not wanted. The scale factor
of the PSCALE command affects the PROFILE, POS, and POS?
commands. Scaling motor motion with the PSCALE command is illustrated
in Figure 3-3, “‘Sending Pulses To a Motor.”’

NOTE
When the PSCALE scale__factor is specified as something other than 1,
round-off errors can occur in the count contained in the position counter.
This is especially true when a scale factor larger than 1 is specified. The
examples that follow show how round-off errors are generated and can
accumulate.
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PSCALE ROURD-OFF ERROR EXAMPLES:

The two examples that follow show how errors can accurnulate using the
REL and ABS options of the MOVE command. Refer to the section titled
“Sending a Fixed Number of Pulses’” for a discussion of the REL and
ABS parameters.

5 QUTPUT 708;"”USE 400" (Slot 4 Channel GO
10 QUTPUT 709;"POS 0" 1Set counter 10 0
20 QUTPUT 708;"'PSCALE 2" [Set 2 degrees/step
30 QUTPUT 709;”"MOVE 1 REL” {Request 1 degree move (Note 1}
40 QUTPUT 709, "POSY ICountet returns 2
50 OQUTPUT 708;"MOVE 1 REL” IRequest 1 degree move {Note 1}
80 OUTPUT 709, "2087" ICounter retumns 4
70 CUTPUT 709;”"MOVE 1 REL" [Request 1 degree move (Note 1)
80 OUTPUT 708;"'POSYY ICounter returns 8

Note 1: Although z 1 degree move is requested, the smallest move per step {in degrees as
specified by PSCALE) is 2 degrees, The counter can only count in increments of the scale factor
specified. Using the REL option, the error continues to accumulate.

5 OUTPUT 709;""USE 400" ISlot 4 Channel 00
10 QUTPUT 709;"POS 07 iSet counter to 0
20 QUTPUT 708;'PSCALE 2" iSet 2 degrees/step
30 OQUTPUT 709;"MOVE 1 ABS" 1Request 1 degree move {Note 2)
40 QUTPUT 708;”POS?” ICounter returns 2
50 OUTPUT 709;"MOVE 2 ABS" IRequest 1 degree move (Note 2}
60 QUTPUT 708, 'POS? ICounter retums 2
70 QUTPUT 70¢;"MOVE 3 ABS” IRequest 1 degree move {Note 2}
80 QUTPUT 709;"'POS? ICounter returns 4

Note 2: As illustrated in the previous example using the REL option, the smallest move per step
with the ABS option is also 2 (the counter will enly count in increments of the scale factor which
is 2). In the first MOVE, the request to move to the 1 degree position is divided by the scale
factor of 2. The result of 0.5 is rounded up to to 1 and the motor moves ene step. The scale
factor of 2 degrees/step causes the counter to increment to 2. The second MOVE reguest places
the motor at 2 degrees, the counter is already at 2 and no move takes place. The third MOVE
request is for 1 degree which places the motor at 3 degrees. As in the first move, only & 2 degree
move can be made and a move of 1 degree is 0.5 steps which rounds up to 1 step incrementing
the counter by Z to a total of 4.
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MIN FREQG = 100 H=z
‘MAY FREQ = 80@ Hz
SLOPE = 22@H=z/SEC
PWIDTH = PULSE WIDTH = 25uSEC

Hz

SLOPE = 200Hz/SEC
MAX = 808 -1 S;ﬂ#“ MOVE X AND MOVE 4X ILLUSTRATED
MIN = 108
= TIME
MOVE % '
i ~ A
MOVE 4X
}PROFILE FREQ 100 100 0 25£-6
iz 4 SLOPE = O, ALL PULSES AT MIN FREQ
MAX = 80
= )
s TIME
PROFILE FREQ 800 800 100 25E-6|
e ALL PULSES AT 80OHz = MIN = MAX
SLOPE PARAMETER HAS NO IMPACT
MAX = BOO ) ¢
MIN = 109
b TIME

3852P: Al4.F.12

anure 3-2. Typical Maotion Profiles Used By the MOVE and SUSTAIN
Commands to Ef?uc;anﬂy Control Molor Velooity

Sending_' Two commands send pulses to a motor:

PUISQS to MOVE is used to send a fixed number of pulses

a Motor SUSTAIN is used to send pulses continuously.

You can choose to trigger either command with the TRIG command or
with an external stimulus before pulses are actually generated if the TRIG
mode is AUTO (the default), the trigger is automatically generated
immediately following the command. Both commands generate pulses as
defined by, the motion profile you specified in the PROFILE command,

Programming the:Stepper Mofor Controfler/RPuise Quiput 341



The motion profile specified must fit the type of stepper motor being
controlled. To set up the PROFILE command for stepper motors, you
specify the FREQ mode, minimum frequency, maximum frequency, rate of
change of frequency, and the pulse width which is fixed until another
PROFILE command changes it. You can find a more detailed discussion of
the motion profile in the previous section titled “Defining a Motion
Profile.”

Sending a COMMAND DISCUSSED:
Fixed Number
of Pulses MOVE distance [modeliNOWAIT|[USE ch]

distance The distance to move {REL} or position to move to (ABS)

mode REL (relative} or ABS {absoiute)

NOWAIT  Alfows the acceptance of another command before the move completes
{Required if a trigger other than TRIG AUTO is used)

The MOVE command is used to move the motor a fixed number of steps.
When triggered, the MOVE command generates a fixed number of pulses
determined from the distance you want to move. The number of pulses can
vary dependent on the value of the scale factor. In the example of Figure
13, if the slide bar moves 0.1 inches per motor step, you declare a scale
factor of 0.1 which will cause 200 pulses to be generated. If a scale factor
of 0.2 is specified, the MOVE command will generate only 100 pulses.

The REL and ABS parameters affect the move differently, A REL move

means to move a specified distance relative to the current position. An ABS

move means to move to the absolute position specified in the MOVE

cornmand. For example, a REL move of 10 means to move ten units from

the current position. An ABS move of 10 means to move to position 10, If
" the current position were 90, a move of -80 would take place.

If the PSCALE scale__factor is left at 1.0, the distance pﬁi‘éﬁl_ﬁtg in the
MOVE command corresponds to the number of pulses to be sent.

Sending COMMAND DISCUSSED:
Puises
- Continuously SUSTAIN velocity or width [NOWAITI[USE ch)

velocity The frequency of pulses in Hz (PROFILE in FREQ mode)
© width  The pulse' width in seconds {PROFILE in WIDTH mode)
NOWAIT Aliows the acceptance of another command before the new velocity or width is
accepted {required if a trigger other than TRIG AUTQ is used)
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Triggering
a MOVE

or SUSTAIN
Command

‘The SUSTAIN command sends pulses continuously. When triggered, the

command causes pulses to be generated indefinitely until a SUSTAIN 0
command is executed and triggered or a HALT SGL command is executed.
The start of pulses accelerate to the sustaining velocity at the rate of
frequency change specified in the PROFILE command. If the sustaining
velocity is greater than the maximum frequency specified in the PROFILE
commangd, the velocity will not exceed the maximum frequency specified. A
new SUSTAIN command, that is triggered with a different sustaining
velocity, will cause the motor to accelerate or decelerate to the new velocity
as specified by the PROFILE command. The actual frequency generated
will be limited by the minimum and maximum specified in the PROFILE
command. The exception is SUSTAIN 0 which cause the pulses to
decelerate to the specified minimum and stop.

No frequencies below the minimum will be generated. For example, if the
current frequency is zero and a frequency above the minimum is requested,
the generated pulses will begin at the minimum frequency and ramp to the
requested frequency, Likewise, if the next frequency requested is 0, the
frequency will ramp down to the minimum and then stop.

NOTE A SUSTAIN command with a velocity less than the PROFILE
“min’’ parameter will cause pulses to be generated at the ““min’’ velocity.
A SUSTAIN command with a velocity greater than the PRCFILE “‘max”’
parameter will cause pulses to be generated at the ‘‘max’’ velocity ramping
from “min’’ to “‘“max.”’

Figure 3-3 illustrates the use of the SUSTAIN command.

COMMAND DISCUSSED:

TRIG mode [USE ch]

MOVE or SUSTAIN commands must be triggered to initiate pulses. The

TRIG command is used to generate the trigger and has different trigger
modes for you to select from. Trigger modes available are:

HOLD The trigger is disabled in the HOLD mode.

SYS (1) The SYS mode connects the mainframe’s backplane system trigger as the trigger
source,

AUTO The AUTO (INT} mode generates 2 trigger automatically

{or INT) as the final step in @ MOVE or SUSTAIN command {power-on mode).

CHANG {1} The CHANO mode connects channe! 0 as the trigger source to aliow simultaneous
moves with channel 0.
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8GL (1) initiates an immediate trigger. After a SGL trigger is generated, TRIG returns to
HOLD.
if a mode is not specified in the command, the default is SGL.

{1) The MOVE and SUSTAIN commands must specify the NOWAIT option for these trigger modes
10 work. Without NCWAIT, the HP 447 14A must compleie the MOVE or SUSTAIN command
before the next command is recognized. If the next command is a manual trigger, the HP 44714A
cannot access the trigger command unless NOWAIT is used.

NOTE
A MOVE or SUSTAIN command, with “NOWAIT” specified, waiting for
a SYS, CHAN 0, or SGL trigger can be cancelled by a TRIG HOLD
command., If “NOWAIT” is not specified, the command can be cancelled
by sending DEVICE CLEAR followed by TRIG HOLD.,

The power-on state is AUTO and if a TRIG command is executed without
declaring an opticn, the default option is SGL i.e. GUTPUT 709; TRIG”
is equivalent o GUTPUT 709,TRIG SGL.”

Figure 3-3 illustrates the use of the TRIG command.

Delaying COMBMAND DISCUSSED:
the Trigger
DELAY time [USE chl

The DELAY command is used to delay the trigger of a MOVE or
SUSTAIN command. The delay can be from 6.000 to 65.535 seconds and is
settable in one millisecond increments. Once a delay is programmed, all
triggers are delayed until the delay is reprogrammed. The DELAY
command is illustrated in Figure 3-3.

Halting COMMAND DISCUSSED:
a Pulse
Cutput HALT mode [USE ch]

The pulse output can be immediately stopped by sending a HALT
command with the SGL mode specified. Use of HALT SGL is illustrated in
Figure 3-3. Additionally, pulses can be immediately stopped manually by an
emergency halt switch connected to the HALTn input which is controlled
by the HI/LO and ON/OFF mode parameters of the HALT command.
This is discussed further in the section titled *‘Limiting Motor Motion.”’
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1
20
30
40
50
60

OUTPUT 709;"RST BOS”
OUTPUT 7G9;"USE 500"

OUTPUT 709;"STANDBY AUTO LG™
OUTPUT 709;"PULSE 55 HI HIY

1Slot 5 Channel 00

QUTPUT 709;"PROFILE FREQ 100 800 200 25E-67

& QUTPUT 70%;"PSCALE Q.17

N\

70 QUTPUT 708, "MOVE 20"
8C PAUSE
90 QUTPUT 709, MOVE -30"

{Meve auto triggered
Press CONTINUE to proceed
iMove auto triggered

|

Ny

~a— NEGATIVE

-4 "'313@ —Tliﬂ -14 @

|
4

160
176
180
190
200
210
220
230
240
250

QUTPUT 709;"SUSTAIN 107
QUTPUT 709;"WAIT 10"
CUTPUT 709;""SUSTAIN 50"
CUTPUT 708, "WAIT 107
QUTPUT 709 "SUSTAIN 0”
OUTPUT 708;"WAIT 10"

QUTPUT 709;""SUSTAIN -10”

QUTPUT 708;"WAIT 107
OUTPUT 709;"HALT SGL”
END

70
80
80
100
110
120
130
140
160

OUTPUT 708;"DELAY &7
OUTPUT 708" TRIG HOLD”

QUTPUT 709;"MOVE 20 NOWAIT”

QUTPUT 708, TRIG”
PAUSE

OUTPUT 709;"MOVE -30 NOWAIT"

OUTPUT 709;" TRIG”
PAUSE
OUTPUT 708, TRIG AUTO”

1Delay trigger 5 seconds

INOWAIT required for TRIG
1Single trigger
1Press CONTINUE to proceed

1Single trigger
Press CONTINUE to proceed
!Reset to trigger auto

iTriggered auto

10 second walt

{Stop to chenge direction
Heverse direction

tStop

CHANNEL @ STEPPER MOTOR

+211{7) -ﬁ@ +38 +4Q§

DRIVE

GEAR

-4® 3@ %@ =10

//

SLIDING BAR

Figure 3-3. Sending Pulses To a Motor
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$electiﬁg Each channel can be enabled to interrupt with the ENABLE INTR [USE
!nterrﬁpts ch] command. When enabled, a channel interrupts when:

I. Pulses stop following a MOVE command

2. The specified frequency or pulse width is reached in a SUSTAIN
command

3. A hardlimit is reached causing pulses to stop

4. A HALT SGL command is executed stopping pulses

5. The HALT switch is activated stopping pulses

Also, each channel can be prevented from interrupting with the DISABLE
INTR [USE chj command. Refer to Chapter 8 “Using Interrupts’ in the
HP 318324 Mainframe Configuration and Programming Manual for more
information. An example program for servicing an HP 44714A interrupt
follows the next two sections titled “‘Enabling Interrupts’” and ‘‘Disabling
Interrupts.”’

Enabling Interrupts can be independently enabled for each channel with the
Interrupts ENABLE INTR command. If more than one channel generates an
(ENABLE INTR} interrupt, the mainframe services the lowest-numbered channel first, then
the next-lowest, etc. The HP 44714A generates an interrupt each time the
motor stops or when the specified frequency or pulse width is reached in

the SUSTAIN command.

Disabling Each channel can be independently disabled from generating an interrupt at
interrupis  the end of a move with the DISABLE INTR [USE c¢h} command. The
{DISABLE INTR) channel specified by USE ch is the channel! with interrupts disabled. The
other two channels can still interrupt if enabled.

EXAMPLE: The following program segment and subroutine enables and
services an HP 44714A interrupt for slot 4 channel 00.

QUTPUT 708;"USE 400" iSlot 4 Channel 00

QUTPUT 708;"'PROFILE FREQ 0 1200 250 50E-8" 1Set profile for example
QUTPUT 708;"0ON INTR CALL INTRUPT” ICall the subroutine on interrupt
QUTPUT 708;"ENABLE INTR SYS" IEnable the system interrupt
CUTPUT 709; "ENABLE INTR” IEnable the HP 44714A interrupt
QUTPUT 709;"SUB INTRUPT"” 1Subroutine INTRUPT

QUTPUT 709;"" BEEP" tAction taken on interrupt

QUTPUT 708;" ENABLE INTR" Reenable HP 447 14A to interruptil)
QUTPUT 708;"'SUBEND" [End of servicing subroutine
QUTPUT 709;"MOVE 100" linterrupts and beeps after move
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Limiting
Motor Motion

Hard Limiis

Halt Input

QUTPUT 709;"WAIT B ih second pause between moves

QUTPUT 708;"SUSTAIN 1000" tinterrupts and beeps when 1000 Hz
QUTPUT 708;"WAIT 107 Wait
QUTPUT 709;"HALT SGL" iinterrupts and beeps when pulses halt

{11An enabled interrupt that is serviced is disabled and must be reenabled to be able to interrupt
again.

COMMARDS DISCUSSED:
HARDLIM PLIM_ _sense INLIM. . sensellUSE ch]

HALT mode [USE ch]

Limits of motion can be established for automatically or manually stopping
2 motor in case of emergency. Limits of motion are determined by use of
limit switches which close or open when a limit is reached. You can set up
a switch that is operated manually in case of emergency to stop a motor. A
halt switch input and two limit switch inputs, one for each direction, are
provided for each of the three channels.

Hard limits are the positive and negative physical limits of your
application. Limit switches supply an input for the negative limit and
positive limit and connect to the NLIMn and PLIMn inputs respectively,
The HARDLIM command sets the logic sense that indicates a hard limit
has been reached. Figure 3-4 shows hard limit inputs requiring “LO”
sense. The power-on PLIM and NLIM sense is LO and the HARDLIM
command is not needed to set this sense. If “HI"’ sense were required on
channe! 02 slot 4, send QUTPUT 709;”HARDLIM H: USE 402",

A halt input is available to connect a halt switch to manually stop pulses.
Figure 3-4 shows a halt switch connected to the HALTn input that requires
a “LO’ sense to be set. “HALT LO” is the power-on mode. If a “HI”
sense is required (if the HALT switches + 5V to the HALTn input), send
OUTPUT 709;“HALT HI USE 402" to set the sense high for channel 02
on a module in slot 4.
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CHANNEL @ STEPPER MOTOR

DRIVF GEAR
—— NEGATIVE \ POSITIVE -
me m:‘%@ WT@ --Im f? -&11@ 20 +:3® 4@ / «4@ 3@ -20 -10 gﬂ +Ew +20 530 +40
|

NEGATIVE R N POSITIVE
LMIT [T 4 ?‘*“ CIMIT
SwlTCH N o IDING BAR % SWITCH

HALT SWITCH 1

e = —

- | =

wi&—

it NLIM, PLIM, HALT,
AN )
CHANNEL. @ INPUTS

HP 44714A STEPPER MOTOR SEEZPALA.EL 1

CONTROLLER/PULSE OUTPUT

Figure 3-4. Setting Hard Limits and Emergency HALT Capability

S@tﬁﬁg and The internal counter (not the quadrature counter) of the HP 44714A counts
Mgnit@ring the number of pulses that is generated by commands. The counter applies
POSiﬁ on With the scale factor and records a position. Distance {as in the MOVE
“the Intern a i command) specified as a positive number, corresponds to positive motor
motion and that specified as a negative number, corresponds to negative
Counter motor motion. By accounting for positive or negative motor motion,
counting the pulses generated, and applying the scale factor, the counter
can keep track of where motor position should be.

Loading 2 COMMAND DISCUSSED:
Position Value
into the Counter POS pos__value TUSE chl

The POS command is used to load a position value into the counter
corresponding to a reference location the motor is currently set at. This
value can be any number from -2,147,483,648 to +2,147,483,647 specified
in the units of the PSCALE command. For example, in Figure 13 you step
the motor unti} the pointer aligns with ““0’’ and load ¢ with the POS
command {or align the pointer with ““-10"" and load -10 with the POS
command etc.). The internal counter will keep track of the pulses causing
positive motor motion and those causing negative motor motion, use the
scale factor, and keep the position counter updated with current position.
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Asking For
the Position
Value

Asking For
the Siatus
of 2 Move

NOTE
The internal counter does net monitor the motor shaft motion like the
quadrature counter does but indicates where the position should be if the
motor has not skipped a pulse.

EXAMPLE: Load a position value of 50 for channel 02 slot 4.

QUTPUT 708,"POS 50 USE 402"

COMMAND DISCUSSED:
POS? [USE ch][INTO name) or [fmf]

For each channel, the controlling processor can be queried to find out what
value the position counter holds by using the POS? command. You can
query the counter even while the motor is moving if the NOWAIT option
is used in the MOVE or SUSTAIN command.

The POS? command returns a position value that can optionally be placed
into the specified variable name or returned in the format specified. If a
format is not specified, the value is returned in RASC format {real
number}. The number can range from -2,147,483,648 to + 2,147,483,647.

EXAMPLE: Determine position value of channel 02, slot 4 in LASC format.

10 QUTPUT 708;"'POS? USE 402 LASC”
20 ENTER 709; value

30 PRINT value

40 END

COMMAND DISCUSSED:
DONE? [USE chl[INTO name) or [fm/]

With the DONE? command you can determine whether or not a move has
completed and, if so, under what conditions. The command returns a
number from -3 through + 2 which optionally can be placed into the
specified variable name or returned in the format specified. The numbers -3
through +2 have the following meaning.
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Monitoring
Motor Shaft
- Movement

With the

Quadrature

Counter

60DE MEARING

-3 Waiting for ‘{rigger.

-2 Running

-1 SUSTAIN Running/Ready for next command
G Move completed succassfully
1 Move aborted because of halt
2 Move aborted because of hard limit

EXAMPLE: Determine if 2 move on channel 02 slot 4 is complete.

10 OUTPUT 709;"DONE? USE 402"
20 ENTER 709; value

30 PRINT value

40 END

You can use guadrature counter inputs QA, QB, and QI (channels A, B,
and Index) for attaching an optical encoder to the HP 44714A and
physically monitor the motor shaft movement. Each channel has a positive
and negative input that is TTL compatible and has an active switching
range of 0 to 15V, The HP 44714A has two outputs (QPWR and QGND)
that provide power for the optical encoder. Figure 3-5 shows typical
connections to the guadrature counter.

Three commands are used to set up the quadrature counter; QSCALE,
QINDEX, and QPOS?.

HEWLETT-PACKARD
HEDS-5000 SERIES

QUADRATURE, COUNTER INPUTS  OPTICAL ENCODER

HP 447 14A
+CHA
QAR i R
+CHB i
+QBr e STERPRER |
CHANNEL N ~OBA¥ MOTOR i
+Qln |t INDEX CH .
L ~QIn% T
S 1
QOPWR
QGND

#* /-7 INPUTS FOR OPTICAL ENCODERS

WITH DIFFERENTIAL OUTPUTS. SasEE AL F. 15

Figure 3-5. Quadrature Counter Connections From An Optical Encoder

320 Programming the Stepper Motor Controlier/Pulse Qutput



Scaling the
Guadrature
Counter

indexing the
Quadrature
Counter

QINDEX ONCE

COMMANDS DISCUSSED:
Q8CALE gfactor [USE chj

QSCALE scales each motor step to specify the distance the motor travels
per quadrature count (in whatever units vou choose}. The distance can be a
positive or negative number and allows you fo determine position in units
of distance instead of guadrature counts. This scale factor, called gfactor,
is stored in the iocal processor that controls the indicated channel. The
power-on default is 1.0, When a QPOS? command is executed, the value
returned will be scaled by the gfactor and must be interpreted in the units
of the gfactor.

EXAMPLE: Set the scale of the channel 02 slot 4 quadrature counter to be
G.5.

QUTPUT 708;"QSCALE 0.8 USE 402"

COMMAND DISCUSSED:
QINDEX mode [USE ch]

The guadrature counter is indexed with the QINDEX command. To index
the counter means to reset it to zero and specify when counting is to
commence. Indexing can be turned off with the OFF option. The power-on
state is OFF. You have two other options for indexing; CNCE and SGL.
The default is SGL (i.e. send QINDEX without an option and QINDEX
SGL is set).

The quadrature counter is reset when the command is executed but the
counter does not begin counting until the first index pulse is recieved. An
encoder that outputs a pulse every revolution causes the counter to begin
counting on the first pulse and all following index pulses are ignored. A
“home position’’ switch can be set at the “‘zero’’ position to provide the
index pulse and initiate counting. The following example illustrates this.

Example: Reset the channel 02 slot 4 counter and initiate counting when
the motor passes through the ‘‘home position’’. A ‘“‘home position’’ switch
connected between +QI and QPWR as shown in Figure 3-6. When the
motor steps through the ‘‘home position,” the switch closes during that
step and generates a pulse with the leading edge starting the counter.
Executing the following QINDEX command resets the counter and
counting begins when the motor steps through the ‘“‘home position.”

QUTPUT 709:QINDEX ONCE USE 402"
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QGND

QPWR >
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Figure 3-6. GINDEX ONCE With Home Position Switch

QINDEX SGL The quadrature counter is reset immediately and begins counting
immediately when a QINDEX SGL command is executed. QINDEX then
returns to the OFF state. The counter is not reset on any following index
pulses but continues to keep count of the number of quadrature pulses
(positive and negative). This feature lends itself to stepping the motor to
position something at a stop (call this ‘“‘zero’’) and then resetting the
quadrature counter to “‘zero’’ to agree with the pointer.

Example: Set the channel 02 slot 4 motor to the “‘zero’’ position, reset the
counter, and begin counting immediately.

QUTPUT 709;"QINDEX SGL USE 4027

The counter is reset on execution of the QINDEX command and on the
next MOVE or SUSTAIN command providing motion, the counter begins
counting.

Asking For COMMARND DISCUSSED:
Quadrature
Counter QPOS? [USE ch|[INTO name) or |fmf]
Vaiue

For each channel, the controlling processor can be queried to find out what
value the quadrature counter holds by using the QPOS? command. You
can query the counter even while the motor is moving if the NOWAIT
option is used in the MOVE or SUSTAIN command.
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The QPOS? command returns a value that can optionally be placed into
the specified variable name or returned in the format specified. If a format
is not specified, the value is returned in RASC format {real number). The
number can range from -2,147,483,648 {o +2,147,483,647 and will rollover
from the maximum positive number to the maximum negative number and
vice versa,

EXAMPLE: Determine the quadrature counter value of channel 02, slot 4 in
DASC format.

1G¢ QUTPUT 709;"QPOS? USE 402 DASC”
20 ENTER 709; value

30 PRINT value

40 END

Programming For General Purpose Pulse OQutput

POMER

Liife PULSES

PULSE OUTPUT
% DIRECTICN = ——

STANDEY

COMMON

EMERGENCSY
T ———— HALT SWITOR
W’E { OPTIONAL USE D

} SHAFT ENCODER POWER

This section deals with applications that primarily require control of pulse
width (pulse width modulation) and secondly, changing of frequency. For
general purpose pulse output, all inputs and outputs of the HP 44714A are
active but all of them might not be used. Unless you control dc motors,
you probably will not use Limit Commands, Position Commands, or
Quadrature Counter Commands. Three groups of commands actively used
in general purpose pulse output are:

1. PULSE SET-UP
a. Set the pulse mode (establish outputs the pulses will appear at)
b. Set the pulse width profile and period

2. PULSE OUTPUT COMMANDS
a. Sending pulses indefinitely until commanded to hali
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3. INTERRUPT COMMANDS
a. Enabling the HP 44714A to interrupt
b. Disabling the interrupts

Setting Up commann piscussen:

the Pulse
OUtpUt PULSE mode PSTP_ sense [NDIR__sense][USE ch]

PARAMETER YALID ENTRY

mode SD or 88
PSTP__sense Hi, LC, LH, or HL
NDIR__sense Hi L0, LH, or HL

Setting up the pulse output establishes the output terminals that pulses
appear at (PSTPn and NDIRn) and whether the pulses are to be low-high-
low or high-low-high.

1. The SD (step/direction) mode causes all pulses to appear at the
PSTPn output while the NDIRn output is one logic level for positive
numbers and the other logic level for negative numbers specified in an
output command. You specify which level is high and which is low
with the PSTP__sense and NDIR__sense,

See Figure 3-7a.

Low-high-low pulses are set by declaring the HI or LH option for the
PSTPn_ sense parameter (LO or HL causes high-low-high pulses). The
NDIRn__sense parameter sets the sense for the NDIRn output which
will indicate positive numbers specified in an output command. For
example, if HI is selected for NDIRn__sense, this output will be high
during the output of pulses specified as a positive number. If nothing
is declared here, the sense defining positive numbers is the same as set
for PSTPn.

2. The S8 (step/step) mode causes pulses for positive numbers to appear
at the PSTPn output while pulses for negative numbers will appear at
the NDIRn output.

See Figure 3-7b.

The PSTPn__sense parameter defines low-high-low or high-low-high
pulses for PSTPn. The NDIRn__sense parameter defines the sense for
NDIRn. If the NDIRn__sense is not declared, it is the same as that
declared for PSTPn.
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a) PULSE STEP/DIRECTION MODE.

HP 447144
PSTP ————8= ALL PULSES

NDTR el 3%

¥ Pulse specified with & positive number cause NDIR to be
a high or low logic level {settablel). Pulse specified
with & negitive number cause NDIR to be the opposzite
logic level.

b) PULSE STEP/STEP MODE.

HF 44714A
PSTP b= PULSES SPECIFIED WITH A POSITIVE NUMBER
NOIR p————%= PULSES SPECIFIED WITH A NEGATIVEZ NUMBER

B652F: Al4.F. 17

Figure 3-7. Selling Up the Puise Oulput With the PULSE Command

Defining COMMAND DISCUSSED:
& Puise
Profile PROFILE WIDTH min max slope period [USE ch}

PARAMETER MEARINE

WIDTH puise width profile (versus FREQ profile used for motor cantrol)
min minimum pulse width in seconds i.e. .001 or 1E-3

max maximum pulse width

slope rate of change going from one width to another

period period or repetition rate of pulses

A pulse profile specifies a pulse width range (minimum to maximum) and a
rate of change for going from one width to another. You also control the
period of the pulses with the pulse profile. This pulse profile dictates the
pulse train generated by the SUSTAIN command. SUSTAIN initiates the
pulses when triggered and specifies the pulse width while the period is
controlled by the PROFILE command. Figure 3-8 shows a typical
trapezoidal pulse profile.
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ACCELERA'\TION SLOPE
PULSE WIDTH | (DETERMINES THE RATE AT

% WHICH THE PULSE WIDTH INCREASES)
MAX PULSE WIDTH -+ - — —i-- = DECELERATION SLOPE
(ET)ET“FERMINES THE RATE A_T ~
MIN PULSE WIDTH - - — ( WHICH THE PULSE WIDTH DECREASES)
= T TME

J852P: Al4.F. 18
Figure 3-8. Typical Trapezoidal Puise Width Profile Used By the SUSTAIN Command

PROFILE WIDTH A “‘settings conflict” error is generated if you specify parameters in the
Setting PROFILE command which conflict i.e. specifying a period smaller than the
Conflicts max pulse width. This section lists examples of PROFILE command setting
conflicts and describes why the command will cause an error.

COMMARD SYNTAX SETTING CONFLIGT
"PROFILE WIDTH 1&-6 108-6 0 .1E-3” slope = 0; min-to-max width range unattainable
"PROFILE WIDTH 0 10E-6 0 .1£-3" min = 0; slope = 0; no pulses can be generated
"PROFLE WIDTHO 0 O .1E-3" min = max = sjope = 0; no pulses can be
generated

"PROFILE WiDTH 1E-3 10£-3 1E-3 9E-3" period < max width
"PROFILE WIBTH BE-3 1E-3 1E-3 10E-3" min > max

Puis@ The SUSTAIN command is used to set up a pulse output and must be
Qutput triggered with the TRIG command to initiate action. This section describes
Comma nds the SUSTAIN command, the TRIG command, and the DELAY command
for delaying the trigger.

SUSTAIN COMMAND DISCUSSED:
Command
SUSTAIN width INOWAIT|[USE ch]
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The SUSTAIN command, when triggered, causes pulses to be generated
indefinitely until a SUSTAIN 0 command is executed and triggered or a
HAILT SGL command is executed. The pericd of pulses is specified by the
PROFILE command and must be used in conjunction with the SUSTAIN
command. The SUSTAIN command specifies the final pulse width and
initiates the pulse train while the PROFILE command specifies the period
of the pulse train. Use of the SUSTAIN and PROFILE commands is
illustrated in Figure 3-9, NOTE A SUSTAIN command with a width less
than the PROFILE *‘min”’ parameter will cause pulses to be generated at
the “min’’ width, A SUSTAIN command with a width greater than the
PROFILE “max’’ parameter will cause pulses to be generated at the
“max’’ width ramping from “‘min’’ to ‘‘max.”’

TRIG COMMAND DISCUSSED:
Command
TRIG mode [USE ch]

The SUSTAIN command is triggered to initiate pulses with the TRIG
command. You can trigger automatically with the AUTO option and a
trigger is generated as the final step in the SUSTAIN command. You use
the SYS option to declare the HP 3852A mainframe backplane system
trigger as the trigger source. Simultaneous moves of all three channels are
made by triggering channels I and 2 off of channel 0 using the CHANO
option. You can generate an immediate trigger with the SGL option and
onee generated, TRIG returns to HOLD. The power-on state is AUTO and
if a TRIG command is executed without declaring an option, the default
option is SGL. Use of the TRIG command is illustrated in Figure 3-9.

NOTE
You must specify the NOWAIT option in the SUSTAIN command if you
use TRIG HOLD in conjunction with another mode other than AUTO. If
NOWAIT is not specified, the SUSTAIN command will be locked into a
wait state preventing it from accepting another command.

DELAY COMMARD DISCUSSED:
Command
DELAY time [USE ch]
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The triggering of a SUSTAIN command can be delayed with a DELAY
command. The delay can be from 0:000 to 65.536 seconds and is settable in
one millisecond increments.

Figure 3-9 demonstrates the use of the PROFILE, SUSTAIN, DELAY, and
TRIG conimands to establish and change pulse widths and frequency of
puises.

SQ!@Cﬁﬂg Each channel can be enabled to interrupt with the ENABLE INTR [USE
ﬂnte;’fupts ch] command. When enabled, a channel interrupts when:

1. Pulses stop following a MOVE command

2. The specified frequency or pulse width is reached in a SUSTAIN
command

. A hardlimit is reached causing puises to stop

A BALT SGL command is executed stopping pulses

5. The HALT switch is activated stopping pulses

:;xm

Also, each channel can be prevented from interrupting with the DISABLE
INTR [USE ch] command. Refer to Chapter § “Using Interrupts’” in the
HP 3852A Mainframe Configuration and Programming Manual for more
information. An example program for servicing an HP 44714A interrupt
follows the next two sections titled ‘‘Enabling Interrupts”’ and ‘‘Disabling
Interrupts”.

Enabling Interrupts can be independently enabled for each channel with the
interrupts ENABLE INTR command. If more than one channel generates an
(ENABLE INTR)} interrupt, the mainframe services the lowest-numbered channel first, then
the next-lowest, etc. The HP 44714A generates an interrupt each time the
motor stops or when the specified frequency or pulse width is reached in

the SUSTAIN command.

Disabling Each channel can be independently disabled from generating an interrupt at
Interrupts the end of a move with the DISABLE INTR [USE ch] command. The
{DISABLE INTR}) channel specified by USE ch is the channel with interrupts disabled. The
other two channels can still interrupt if enabled.
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EXAMPLE: The following program segment and subroutine enables and
services an HP 44714A interrupt for siot 4 channel 00.

OUTPUT 708;"USE 400" {8lot 4 Channel 00

OUTPUT 709;”PROFILE WIDTH 1E-3 10E-3 BE-3 20E-3"  1Set width profile

CUTPUT 708, 'ON INTR CALL INTRUPT" ICall the subroutine on interrupt
QUTPUT 709;”ENABLE INTR 5YS” IEnable the system interrupt

QUTPUT 708;"ENABLE INTR” [Erabte the HF 44714A interrupt
QUTPUT 749,'SUB INTRUPT” Subroutine INTRUPT

QUTPUT 709, BEEP" Action taken on interrupt

QUTPUT 709, ENABLE INTR" {Reenable HP 447 14A to interrupt(1)
QUTPUT 709;"'SUBEND” 1End of servicing subroutine

DUTPUT 709;"SUSTAIN 2E-37 linterrupts and beeps when 2 mS reached
OUTPUT 709;"WAIT 107 [Wait

QUTPUT 708;"HALT SGL” linterrupts and beeps when pulses halt

{f14n enabled interrupt that is serviced is disabled and must be reenabled to be able to interrupt
again.

STANDBY COMMARD DISCUSSED:
Command
STANDBY [mode]sense}[USE ch}

The primary purpose of the STANDBY command is to set up the STBYn
output for powering down a stepper motor between moves. However, the
STBYn output may find application in general purpose pulse output where
STBYn changes state when a pulse train is present, The opposite state is
present when no pulses are output. When you specify the STANDBY mode
ON znd the logic sense HI, the STBYn output will be high when no pulses
are output. When a MOVE or SUSTAIN command is executed and
triggered, the STBYn output goes low. After all pulses are sent, the STBYn
output goes high. Figure 3-10 illustrates the STBYn output for HI sense
and LO sense.

The power-on defaults are AUTO and HI. If a STANDBY command is

executed and a mode is not specified, the default is ON. If a sense is not
declared, the sense remains unchanged.
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(LINE 40 ACCELERATION (LINE 59

PERIOD = 1mS SLOPE = .2mS SUSTAIN WIDTH = .5mS
MIN = . 1mS

1

DECELERATION (LINE 8@

SLOPE = .2mS SUSTAIN WIDTH = . 1mS

| | |

(LINE 128)

PERICD = 1mS (LINE 13@)

g?qégg;wm“%’{ﬁg SUSTAIN WIDTH = PERIOD = . 1mS

- ’ (LINE 160)
d HALT
NOTE

THE “PROFILE WIDTH” AND “SUSTAIN’ COMMANDS ARE
USED TOGETHER TO CONTROL THE PULSE WIDTH.

1. PROFILE sets the pulse width Timits
and waveform period.

2. SUSTAIN specifies the pulse width,

SUSTAIN

Pulse width specified by SUSTAIN
command . pec
trlggered pericd specified by PROFILE
A
4 A
E‘;fer'iod —tn e ]
b
pulse width L_ pulse width - pulse width
spacified by increases as specified by
‘min’ of profile specified by SUSTAIN
‘sl ’ tained
paare of attaine 3852P: AL4.F. 19

Figure 3-9. Changing Pulse Widih and Freguency
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STANDBY MODE = ON
PULSE
OUTPUT M&.mwm

STBYn 5 ] sEcR—

OUTPUT | 1
HI SENSE T
STBYn o lsectd—
OUTPUT i
LO SENSE

3852P1 Al4.F. 20

Figure 3-10. Standby Output (STBYn) H! sense and LO sense

Pregramming the Stepper Motor Controlier/Pulse Output 3-31









Contents

DELAY - o oot 4-1
DISABLE INTR. .. oootteeee it iieann 41
DONE? ...t e 42
ENABLE INTR . ..+ eeeeeei i 42
HALT o oo e e e 4.2
HARDLIM . e 42
MOVE -« oo 4-2
POS . oot 42
POST . oot e 4.2
PROFILE .« oo oot ettt 4-3
PSCALE . .o ettt e et 4-3
PULSE © .t vttt 43
QINDEX . - oo et 4-3
QPOST ettt 4-3
QSCALE. ..ottt 43
STANDBY ..ot 43
SUSTAIN . oo oottt 4-3
R T 4-3



Chapter 4
Command Summary

This section summarizes the HP 44714A commands discussed previously in
this manual. For a tutorial on each of these commands, refer to the section
titled “‘Programming the Stepper Motor Controller/Pulse Output.”’ For
detailed reference information on each command in the summary, refer to
the HP 3852A Command Reference Manual.

Commands by Function

PULSE/MOTOR DRIVER SET-UP POSITION COMMARNDS

COMMANDS POS

STANDBY POS?

PULSE DONE?

PROFILE

PSCALE QUADRATURE GCOUNTER
COMMANDS

QUTPUT COMMANDS QSCALE

MOVE QINDEX

SUSTAIN QPOS?

TRIG

DELAY INTERRUPT COMMANDS

HALT SGL ENABLE INTR

DISABLE INTR
LIMITS COMMANDS
HARDLIM TEST COMMAND
HALT TEST

Alphabetical Listing

DELAY Causes the selected trigger to be delayed by the time specified. Delays the
triggering of the MOVE and SUSTAIN commands.

Syntax: DELAY rime [USE ch]

DISABLE INTR Disables the interrupts that occur when a move is completed.
Syntax: DISABLE INTR [USE ch]
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DONE?

ENABLE INTR

HALT

HARDLIM

MOVE

POS

POS?

4-2 Command Summary

Queries the controller to determine if a move has completed and if so,
under what conditions the move terminated. A code (-3 to +2} is returned
indicating how the move compileted.

Syntax: DONE? [USE ch][INTO name] or [fmi]

Clears and then enables the interrupts that cccur when a move is completed
or a SUSTAIN has reached final frequency or width.

Syntax: ENABLE INTR [USE ch]

Specifies the conditions under which a stepper motor is to be brought to an
abrupt stop. For general purpose pulse output, specifies the conditions
under which pulses abruptly stop.

Svatax: HALT mode [USE chj

Determines how the positive (PLIMn} and negative (NLIMn) hard limit
inputs will operate. When a limit switch is activated in the positive
direction, further positive motion is prohibited but negative motion is
allowed. The opposite case occurs when the negative limit switch is
activated.

Syntax: HARDLIM PLIMn_ sense {NLIMn__senselfUSE ch}

Specifies a distance to be moved and determines the number of pulses
required for the move (the parameters of the PROFILE command and the
scale factor of the PSCALE command are used to calculate the number
pulses required).

Syntax: MOVE distance [mode][NOWAIT|[USE ch]

Loads a position value, in units specified by the PSCALE command, in the
internal position counter. This allows you to set the counter to any value
corresponding with current position.

Syntax: POS pos__value [USE ch]

Requests the current position value present in the internal position counter.

Syntax: POS? [USE ch][INTO name} or [fmi)



PROFILE

PSCALE

PULSE

QINDEX
QPOS?

QSCALE

STANDBY

SUSTAIN

TEST

TRIG

Defines a trapizoidal motion profile that specifies the velocity range,
acceleration/deceleration, and pulse width of pulses generated by the
MOVE and SUSTAIN commands.

Syntax: PROFILE FREQ min__freq max__freq slope pwidth [USE ch)
or PROFILE WIDTH min__width max__width slope period [USE ch]

Specifies the distance of motion that one step of the motor causes.
Syntax: PSCALE scale_ fuctor [USE ch)

Sets which outputs the pulses appear at and whether the pulses are positive
going or negative going.

Syntax: PULSE mode PSTP__sense [NDIR__ sensel[USE ch]

Specifies how the quadrature counter is to be indexed (resets the counter).

Syntax: QINDEX mode [USE ch]

Requests the current position value present in the quadrature counter.
Syntax: QPOS? [USE chl[INTO name) or [fint]

Specifies the distance of motion that one quadrature count corresponds to.
The scale factor {gfactor) can be in any units desired i.e, inches, angle of
rotation, etc.

Syetax: QSCALE gfactor [USE ch]

Used to remove power from a stepper motor when the motor is sitting idle.
Syntax: STANDBY [mode][sense][USE ch]
When triggered, generates pulses continuously at the velocity or pulse width

specified. The velocity or pulse width must be within the min and max
limits specified in the PROFILE command.

Syntax: SUSTAIN velocity or width INOWAIT|[USE ch]

Initiates a pass/fail self test.

Syrtax: TEST slot

Determines how a move specified by a MOVE or SUSTAIN command is
triggered. The move is not initiated until triggered.

Syntax: TRIG mode [USE ch]
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Appendix A
Specifications

introduction

The specifications for the HP 44714A are the performance characteristics
of the module which are certified. These specifications are listed in this
appendix and are the performance standards or limits against which the
module is tested.

Any changes in specifications due to manufacturing changes, design, or
traceability to the National Bureau of Standards will be covered in a
marnual change supplement.

HP 44714A Specifications

Output Characteristics Stepper Motor Configurations:
Two outputs per channel - PSTP & NDIR. These outputs can
be configured in one of two modes:
¢ PSTP - outputs pulses
NDIR - determines direction

Trapezoidsl motion profiles:
» Continuous stream of pulses (SUSTAIN)
s Set number of pulses (MOVE)

PULSE QUTPUT TERMINALS e PSTF - pulses for one direction (e.g. CW)

PVCC  {+5ta +42V relative to PCOM)* NDIR - pulses for other diraction (e.g. CCW)

PSTP  (Positive/Step output channel}

NIHR {Negative/Direction output channef] RMaximum Resalgtion

STBY {removes power when ne output! Bulse Rate 10 kHz 25 yHz**

PCOM__common return) Pulse Rate of Change 1 MHz/sec 25 mHz/sec

*Supplied by the user (isolated operation} or supplied by the Pulse Width 65.535 msec 1 ussc

module (non-isolated operation). Pulse Widih Rate 1 secisec 1 psec/sec
of Change 1 secfsec 1 usecisec

Isolztion:
{Channels are isolated from sach other, PVCC, PSTP, NDIR,
and STBY outputs on sach channel have a common return.)

**An average pulse rate can be selected te this resolution, but
neriod elements witl be based on a 1 psec time base.

Between outpuis

{PSTP,NDIR,STBY} and cemmon (PCOM;: 15V
Betweean channels: 42V
Between channel and ground: 42V
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Jitter Aocuracy

Puise rate 1 usec 0.01%
Pulse width 1 usec 0.01% = 200 nsec™**

**% Applies to non-isolated outputs (otherwise 0.01% % 1
psec)

Tatal number output pulses/channe! in MOVE mode:
+2,147 483,647

Input Characteristics

Quadraturs counier;

» TTL compatible

e +5V {180 mA) or 0 to 15 V with an external power supply
available

s Differential inputs {0 to +15V) are filtered for noigy
enviranments

The minimum time interval between any pulse edge on channel
QDA to any pulse edge on channel QDB of a particufar channel
is 2 psec,

Limit Switch Inputs:
¢ Schmitt trigger inputs filter noise and sense input state
s Causes an immediate halt of output pulses

Limit Switch Characteristics:

The iimit switch inputs are TTL compatible and require & >50
usec pulse width. The accessory supplies + 5V and & 10 kohm
pull-up resistor for switch closure sensing.

Supplemental Characteristics

This section contains characteristics that are intended to
provide information useful in applying the system by giving
typical or nominal, but non-warranted performance parameters.

RESPORSE TIRGES:
Command over HP-IB to start/stop pulses 35 msec
Command from a subroutine tg

start/siop puises 10 msec
Backplane trigger to stari pulses 150 msec
Limit switch to stop puises 100 msec

Gounter Limit switches
Maximum input voltage 15V Y
Maximum input current 3.5 mA -1 mA
Thresholds
Viow{max} 05V 1.0V
Vhigh(min} 28V 385V
Number of counts  2,147,483,647 niz
0.5 counts nfa

Counter accuracy
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