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DESCRIPTION 1830 Motor Controller

DESCRIPTION

The 1830 Motor Contrnller is a member of a family of motor
controllers which are built to be inserted into any VMEbus compa-
tible computer which has double height slots. The Controller
consists of two printed circuit cards on which are mounted an
Iantel 8088 microprocessor, an AMD 9513 couater/timer, a variety
of interface circuity and, of course, the VMEbus interface,
Although the 1830 has its own microprocessor and memory it still
requires a host processor in the system to allow it rto aoperate,
It caanot operate as a stand-alone device, although it does support
joystick and jog control. The host processor will typlcally take
the form of another card plugged into the VMEbus backplane.

The 1830 unit is designed to control a siugle motor by
fssuing pulses to attala motor motion. The 1830 Motor Controller
{ssues pulses from the motor driver output to contral the posi-
tion, velocity, and acceleration of the motor, Certain motion
contrel commands allow the use of an tncremental encoder to
monitor the motor motion and position. This feedback comes to
the 1830 via the encoder connector.

The 1830 relieves the host of the tasks of controlling
velocity, distance and linear acceleration parameters as well as
monitoring end-of-travel limit switches and trigger inmputs. It
will perform a sequence of moves and remember that sequence for
later execution upon issuance of a single command. The host may
also directly control the motion algorithm to achiave sculptured
acceleration profiles for applications that require contouring.
All velocity, acceleration and distance parameters are given to
the Motor Controller in binary bytes representing numbers of
pulses (per second, per second squared, @tCuae)s This allows the
1830 to control motors of virtually any resolution.

Board revision level

When reading this manual, please note which revision levels
your 1830 Motor Controller boards are. You will find a "dash"
number at the end on the board part number (61=004135-XX) As of
this writing the dash number will be =01 or higher. Changes made
after this writing will be noted in a sheet of errata appended to
the manual.

Compumotor Corporation 1/15/85 Page |
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OPERATTON 1830 Motor Controller

OPERATION
A, Introduction

It should be noted that, although the 1830 occupies two
card slots, only one plugs into the VMEbus backplane. The VMEbus
backplane IACK jumper should be removed for the slot {n which the
1830 plugs into the backplane, but ghould remain installed for
the slot in which the 1830 is not plugged into the backplane.
Also, because the bus grant signals are not connected on the
1830, no bus grant jumpers should be {nstalled. Operation of the
1830 Motor Controller begins with its installation into a VMEbus
backplane, and is followed by connmection of a motor-driver. The
Motor Controller may then be self-tested to easure that 1t is
operating normally (as described in the "Installation" section
 gbove). In addition, the JOG inputs may be ugsed to move the molor

with host pocessor control. Beyond that, all interaction with
the Motor Controller must be done through a host processor VMEbus
card inserted elsewhere in the VMEbus backplane,

The 1830 appears to the host processor as 2 block of 256
bytes on a 256 byte boundary. Because only the low order byte of
the data bus {s used, only odd byte adresses are accessed. Of
these, the even word addresses access the data laput and output,
and the odd word addresses sccess the control and standby bytes.

The 1830 should be reset using the board reset bit in the
Control Byte (bit 7).

The following sections describe how to counect a motor=
driver assembly to the 1830, suggest ways to avoid problems in
operating the target motion control system and how to interface
the following inputs and outputs.

1. Remote power shutdown {output)
2. Trigger inputs {(inputs)
3, Programmable outputs

B. Counnecting the Mator

One cable is supplied with the 1830 Motor Controller which
connects the 1830 (J4) to a motor=driver. A 25 pin D-connector
ia supplied which may be used to creata a cable to plug into the
1830 suxilliary connector (J3).

Compumotor Corporation 1/15/85 page 11
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PROGRAMMING 1830 Motor Controller

PROGRAMM ING
A, Languages

The host language which will control the 1830 will probably
have been chosen befors the 1830 is purchased. But, 1f not, here
are some host language considerations.

The 1830 must be "spoken to" via a host card plugged into
the VMEbus, Therefore the data transfers on the VMEbus backplane
define the language used. This is not a true language: The user
does not have direct access to {t, A computer language caun
control what happens on that bus, but it is not the language
itself. All 1o all, this means that whatever language the host
processor card uses, (there has to be at least one ovarseer in
the system) is in turn used to communicate with the 1830. All
communicatfion with the 1830 1s done through the host processor
card.,

Although just about auy language may be ugsed in theory,
only compiled or assembled languages will have the gpeed neces-
gary to take advantage of the 1830%s high speed features, BASIC,
while a popular language that is supported on virtually every
type of computer made, 1s generally an fnterpreted language and,
as such, would probably not be able to keep up with complex move
profiles requiring much interaction with the host. A compiled
version of BASIC might do the job. Another popular language much
better suited to the task 1s C, While there is no "best
language,'C 18 a compiled language that runs very quickly. It
has the capacity to do very complex as well as very simple jobs
without wasting much memory space. FProbably one of its best
features for an application such as driving an 1830 Motor
Controller is that repeated functions may be put Iinto library
modules so that they may be called on as a separate functions by
any program you write. This means you write the arduous but
necessary functions, such as putting data onto the VMEbus, ounly
once.

Other languages which would do the job inelude, but are not
limited to, Pascal, Modula 2, Fortran and Assembly.

B. Reading and Writiog

The following is an explanation of how to communicate with
the 1830, It covers the basic protocol imvolved in sending
{nformation to and taking information from the 1830. The subject
of how to handle interrupts ia addressed in the section "Program-
ming, Interrupts'.

There are two pairs of registers which are used to communi-
cate with the 1830. Data is transfered via the Inmput and Output

Compumotor Corperation 1/15/85 Page 24
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SPECIFICATIONS 1830 Motor Controller

Specifications:

Performance:
- Stepping accuracy: +/-0 steps of preset distance.

Velocity accuracy: +/=0.02% of maximum rate.

Veloclty range: 0.017 steps/sec. to 1,092,267 steps/sec.

Position Range: +/=2,147,483,647 steps.

Acceleration range: 0.00001 steps/sec./sec. to instantaneous.

Power:

- 45 VDC, 1.7A nominal, 2.5A maximum; provided by user”s VME bus
back~plane.
Inputs:

- VME bus: 23 Address, 6 Address modifier, 8 Data, 11 Handshaking,
7 interrupt, VME bua compatible.

- Other inputs: Home, CW and CCW limit; 6 trigger Bics, 3 Jog
inputs, external clock input. All TTL compatible. Configurable
to interface with Model 852 Joystick for interactive manual

control.

- Encoder: TTL compatible two phase incremental optical encoder
with Z channel. Single ended or differential drive.

Qucputs:

~ Differential drive Step and Directiomn: 0.75V max. low, 3.5V

- TTL Step and Direction: 0.5 max. low, 2.5V min. high. High
level source —400 uA, low level sink 8 mA max.

- Open collector CW and CCW Step: — 300 mA at up to 40V max.
Bink. ’

— Other outputs (including 2 user-programmable): 0.75V max, low,
3.5V min. high, +/=-60 mA.

Environmental:

Operating:

32 to 130 degrees F (0 to 55 G), 0-95% humidity, non-condensing.

Compumotor Corporation 1/15/85 Page 56
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APPENDIX A 1830 Motor Controller

Command Deffnitions
00 0 Kull command, does nothing

This command does absolutely nothing., It 1s necessary for
indicating a “no command exists” condition. If this command 1s
sent to the indexer nothing will happen! The only place this
command has any use at all is when it is used in conjunction with
the EE command, which defines commands to be executed during
execution of the velocity streaming buffer.

ol 1 Interrupt "X
00 => FF, the interrupt number, (an identifier)

This command %s a simple Interrupt. It will place a
message into the OUTPUT DATA BUFFER to be read by the host
and generate a ‘'message ready intervupt” 1f this interrupt
is enabled. It may be used to Iindicate a location within
a sequence buffer or for debugging the "message ready
interrupt.” The parameter byte, which must be supplied, is an
tdentifier for the user, After power up ot resel interrupts are
disabled.

The following list 1llustrates the message oae would re-
ceive in the OUTPUT DATA BUFFER as a result of this command.

01 jdentifies the command which generated the
message
00 => FF the parameter byte supplied with cthis
command ("X")
00 bytes three through
H gixteen are always zero
00 and are always present

VALID-{n=-INDEXER-mode
VALID=1n~VELOCITY-STREAMING-mode

08 1 Write "X" to the user defined status bits

00 ~> 07, atate one wishes Lo set the three user defined status
bits to

The three user defined status bits (which can be read in
the indexer’s STATUS BYTE) will reflect the parameter byte. For
example, if one seunds the command atring 08h, OS5h user bit
zero will be set, user bit one will be cleared, and user
bit two will be set. Since there are three user defined status
bita the parameter byte way only be OO0Oh through 07h, any
other parameter byte 1s considered incorrect and ignored. After
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APPENDIX A 1830 Mgtor Contrcller

80 0 Request position relative to the beginning of the
current move

Five bytes are returned to the host iadicating the positien
relative to the start of the current move or most recent zera
velocity. If no move 1s In progress at the time this coumand is
executed the most recent “excursion" from zero  velocity, to
nonzero velocity, and back to zero velocity is reported. The
firet byte returned ls an 80h identifying the following four
bytes to be in respounse to this command. The four position
bytes are in two”s complement notation, most significant byte
ficst and least significant byte last. The following 1list
{1lustrates the respongse one would receive from this command.

80 tdentifies the command the response 1is
intended for

00 -> FF most significant byte of the relative
position

00 => FF gecond most significant byte

Q0 -> FF third most significant byte

00 -> FF least significant byte of the relative
poaition

00 bytes six through

: sixteen are always zero
00 and are always present

If one performs a sequence of continous moves that result
in the motor travelling a relative distance greater than
7PFPFFFFh pulses the response from this command will be ™gar-
bage." Additionally, any other position information requested
will be of questionable value. Thus, if one wishes to lnsure
that all position information ls correct and valid one must be
sure the motor does not perform any relative moves greater than
7FFFFFFFh pulses.

VALID=-in-INDEXER-mode
VALID~concurrent=wLlth—-5EQUENCE=-buffer—execution
VALID=in=VELOCITY~STREAMING—mode
VALID-concurrent=with-VELOCITY-STREAMING

81 0 Request position relative to the end of the
current move

Five bytes are returned to the host indicating the position
ralative to the end of the current presgset mave. 1f the motor is
not moving but the last move performed was a preset move that
relative end position {8 returned. If a move 1s occurring and it
is not a preset move or If the motor is not moving and the 1last
move that was performed was not a presekt move a zero position
is returned (the end position of a continous move is undefined).

Compumotor Corporatio 1/15/85 Page 106
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APPENDIX B 1830 Motor Controllar

APPENDIX B

Following 1s a list of the switches on the 1830 Indexer. The
switches are labeled on the boards. (* indicates factory default
settiag.)

SWITCH " FUNCTION SWITCH ACTIVE IF:
51 Self test Pressed
Eg FUNCTION HEX SWITCH ACTIVE IF:
£1 Enable fail int. On
#2 Enable messzage int. On
#3 Enable buffer ready int. On
#4 Disable watchdog alarm On *
53 FUNCTION HEX SWITCH ACTIVE LF:
3 Address bit 8, value = 100h Off *
#2 Address bit 9, value = 200h Qff *
#£3 Address bit 10, value = 400h Off *
#4 Address bit 11, value = 800h Off *
#5 Address bit 12, value = 1000h off *
26 Address bit 13, value = 2000h Qff *
¥7 Address bit 14, value = 4000h Off *
#8 Address bit 15, value = 8000h Off *
Ei FUNCTION HEX SWITCH ACTIVE IF:
3 Address bit 16, value = 10000h Off *
2 Address bit 17, value = 20000h Off *
#3 Address bit 18, value = 40000h Dff *
§4 Address bit 19, value = 30000h Off *
#5 Address bit 20, value = 100000h Qff *
#6 Address bit 21, value = 200000h Off *
#7 Addreas bit 22, value = 400000h Off *
#38 Address bit 23, value = 800000h off *
55 PUNCTION HEX SWITCH ACTIVE IF:
#1 bit O STATUS/ID value = 1lh Qff *
#2 bit 1 STATUS/ID value = 2h Off *
#3 bit 2 STATUS/ID value = 4h Off *
#4 bit 3 STATUS/ID value = 8h Off *
#5 bit & STATUS/ID value = 10h Off *
#6 bit 5 STATUS/ID value = 20h Off *
#7 bit 6 STATUS/ID value = 40h Off *
8 bic 7 STATUS/ID value = 80h off *
Compumotor Corporation 1/15/85 Page 156
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APPENDIX B 1830 Motor Comtroller

§__6__ FUNCTICN SWITCH ACTIVE IF:
#1 bit O INT level select of f
#2 hit 1 INT level select Off
#3  bit 2 INT level select Off
#4 Select short addessing On *
§1 FUNCTICN SWITCH ACTIVE IF:
#§1 1Invert encoder direction On
#2  Defeat CCW LIMIT On *
#3 Defeat CW LIMIT On *
#4 Not Used (On) *
§§_ FUNCTION SWITCH ACTIVE 1F:
£1 Z Channel active low On *
#2  Z Channel active high On
#3 CCW Limit not isolated On
#4 CCW Limit isclated On *
#5 CW Limit not isolated On
#6 CW Limit i{solated On *
#7 Not used On *
#8 Not used On *

Note: Pairs 1l &2, 3 & &, 5 &6 of gwitch 8 are
mutually exclusive for proper operation.

*{ndicates Factory default setting

Compumotor Corporation 1/15/85 Page 157
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APPENDIX C

1830 Motor Controller

APPENDIX C

J3 - AUXILLIARY FUNCTIONS CONNECTOR

Pin #

I OD ) O P D R e

Compumotor Corporation

1830 Indexer
25=-pin D connector

Signal

Programmable output 2
Programmable output 1
Trigger 6

Trigger 1

JOGPOS input

JOGHI input

JOGNEG input

Trigger 5

Trigger 2

CW limit

Shield

CCW 1imit opto return
CCW limit

DC common

DC common

DC Common

Trigger 3

Trigger 4

Shutdown 1n

EXT clk input

Home limit

Auxilliatry connector +5 V
CW limit return

CW limit opto return
CCW limit return

1/15/85
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APPENDIX €

1830 Motor Controller

J4 - MOTOR DRIVE CONNECTOR

Pin #

WO~ O B b B

Compumotor Corporatlon

1830 Indexer
25-pin D connector

Signal

Step

Direction

CW step

CCW step

Shield

Cearshift

Fault rveset
Motor/driver +5 volts
Drive fault

S1lip fault
Overdrive

Reserved

TTL direction

Step Return
Direction returu
Remote shutdown
Remote shutdown veturm
Gearshlft return
Fault resef return
DC comnon

Drive fault return
Slip fault return
Overdrive return
NG common

TTL atep

1/15/85
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APPENDIX C 1830 Motor Controller

JS5 = ENCODER CONNECTOR
1830 Indexer
25=pin D connector

Pin # Signal

1 Ch A(+)

2 Ch A(-)

3 Ch B{+)

4 Ch B(~)

5 Ch Z{+)

] ch 2{-)

7 NC

] Shield

9 NC
10 Step out
11 Direction out
12 NC
13 Home enahble
14 b comamon
15 DC common
16 DC common
17 DC common
18 DC common

19 DC common
20 DC common
21 NC
22 NC
23 +5 volts out
24 +5 volts out
25 +5 volts out

Compumotor Corporation 1/15/85 Page 160
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APPENDIX C 1830 Motor Controller

YMEbus BACKPLANE CONNECTORS AND VME BOARD CONNECTORS

INTRODUCTION

This section identifies the YMEbus backplane Pl connectot
pin assignments.* The followling table lists the pin asgignments
by pin number order. (The connector consists of three rows of
pins labeled tows A, B, and C.)

% thaose which are brought onto the 1830 indexer

ROW A ROW B ROW C
PIN SIGNAL SIGNAL SIGNAL
NUMBER MNEMONIC MNEMONIC MNEMONIC
1 Do NC NC
2 Dol NC NG
3 D02 NC NC
4 DQ3 NC NC
5 DO4 NC NC
6 D03 NC NC
7 D06 NC NC
8 DoO7 NG NC
9 GND NC NC
10 NC NC NC
11 GND NC BERR*
12 DS1* NC SYSRESET*
13 DSO* NC LWORD*
14 WRITE* NC AMS
15 GND NC A23
16 DTACK* AMO A22
17 GND AM1 A2l
18 AS*® AM2 A20
19 GND AM3 AlS
20 TACK* GND Al8
21 IACKIN® NG Al7
22 TACKQUT* NC Alé
23 AM&4 GND AlS
24 AO7 IRQ7* Al4
25 AD6 TRQ6* Al3
26 ADS IRQS* Al2
27 AQ4 IRQ4* All
28 A03 IRQ3* ALO
30 ADL IRQ2* AQ9
il NC NC NC
32 +5V +5V +35V
Compumotor Corporation 1/15/85 Page 161
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APPENDIX D
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1830 CONFIGURATION JUMPER/EPROM LOCATION DIAGRAM
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APPENDIX A 1830 Motor Controller

1f an overshoot occurs (the move is discontinued and then STOPFED
or KILLED after passing the desired end position)  the
position returned is a negative nunber; Lf an undershoot
occurs (the mave is STOPPED or KILLED before it 1s finished)

the position returned is a positive number. The f£irst byte
returned 1is an 8lh identifying the following four bytes to be
i{n response to this command. The four position bytes are in

two"s complement form, most significant byte first and least
significant byte last. The following list illustrates the
response one would receive from this command.

81 identifies the command the response is
intended for

00 -> FF most significant byte of the end relatilve
position

00 -> FF second most significant byte

00 -> FF third most aignificant byte

00 -> FF least significant byte of the end relative
position

(4]4] bytes six through

: sixteen are always zero
00 and are alwsys present
VALID-1in=INDEXER~-mode

VALID-concurrent=with-SEQUENCE-buffer-execution
VALID-1n=VELOCITY~STREAMING-mode
VALID-concurrent-with-VELOCITY-STREAMING

a2 0 Request position relative to the HOME limit switch

Seven bytes are returned to the host indicating the
position relative to the HOME limit switeh position, After
power up or reset the HOME 1imit switch position i1is defined
as that position the motor is currently residing at. The HOME
1imit switch position will only be updated if the command "'go to
the HOME 1limit switch" (39h) is given. The first byte vetur-
ned 1is an 82h identifying the following six bytes toc bhe in
response to this command. The six positiocn bytes are in two”s
complement form, most significant byte first and least signifi-
cant byte last. The following list illustrates the response one
would receive from this command.
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32 jdentifies the command the response 1s
intended for

00 ~> FF most significant byte of the HOME relative
position

00 -> FF secoad most significant byte

00 -> FF third most significant byte

Q0 ~>» FF fourth most significaant byte

00 -> FF fifth most sigaificant byte

00 -> FF least significaant byte of the HOME rela-
tive position

a0 bytes eight through

: sixteen are always zero
00 and are always present

VALID-1n—-INDEXER—nade
VALID-concurrent=wi.th~-SEQUENCE-buf fer-execution
VALID=-1in=VELOCITY-$TREAMING—mode
VALID-concurrent—with=-VELOCITY-STREAMING

83 0 Request position rtelative to the absolute zero
poaltion

Seven bytes are returned to the host indicating the
position relative to the absolute zero position (which 1s
defined with the 30h command). After power up or reset the
absolute zero position 1s defined as that position the motor 1s
residing at when power up or reset occurs. The first byte
returned is an B83h identifying the following six bytes to be
in response to Cthis command. The six position bytes are
in two”s complement form, most siganificant byte first and
least significant byte last,. The following list illustrates
the response one would receive from this command.

83 identifies the command the response is
intended for

00 ~> FFP mest significant byte of the absolute
position X

00 => FF second most significant byte

00 -> FF third most sigaificant byte

00 => FF fourth most significant byte

00 =-> FF fifth most signlficant byte

Q0 -> FF least significant byte of the absolute
poaition

00 bytes eight through

: sixteen are always zero
00 and are always present

Exceediag the maximum expresgable absolute positioa
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value (7FFFFFFFFFFFh) causes the real absolute position to be
lost. So, if one 1is interested in 1insuring that all
positions are valid and correct they must not exceed the maximum
expressable absolute position.

VALID=1n-INDEXER-mode
VALID-cnncurrent—with—SEQUENCE—buffer-execution
VALID~1in-VELOCITY—-STREAMING-mode
VALID-concurrent-with-VELOCITY-STREAMING

84 0 Request curreat direction

The current motor direction is returned. The direction
returned 1is a 00h for travel in the + direction and an FFh for
travel in the - direction. If the motor is not moving the
most recent direction of travel is returned. The following
1ist 1llustrates the response one would receive from this
command .

B4 jdentifies the command the response 1is
intended for
00 or FF direction the motor is travelling or was

most recently
travelling, 00 = + and FF = -

oo bytes three through

: sixtaen are always zero
00 and are always present
VALID=-1in~INDEXER-mode

VALID—concurrenc—with—SEQUENCE—buffer-execution
VALID~{n~VELOCITY-STREAMING-mode
YALID-concurrent=with-VELOCITY=-STREAMING

85 0 Request current velocity

1f one is in indexer mode six bytes are returned to the
host indicating the current velocity. The first byte returned
is an 8Sh identifying the following five bytes to be in res—
ponse to this command. The firat of the last five bytes indi-
cates the velocity range (see the commands to define moves, CBh
through D7h). The last four bytes are the poaitive velocity
most significant byte first and least significant byte last.
The following list 1llustrates the response one would vreceive
from this command if one is in indexer mode .
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as identifies the command the response is intended fo
XY X = the velocity range and Y = the acceleration ra
00 => 7F most significant byte of the velocity
00 => FF gecond most significant byte
Q0 ~> FF third most significant byte
00 => FF least significant byte of the velocity
0o bytes seven through
: gixteen are always zero
a0 and are always present

1If one is in velocity-streaming mode the response 1is
different than the above,. Only two parameter bytes are returned
as a respouse to this command. The bytes returned have the
same meaning as the velocity numbers oune sends to the 1800 ¢to
£111 the velocity atreaming buffer (see commands EOh, Elh,
51h, and 52h), The most significant bit of the two bytes {s the
direction (1l = CCW and 0 = CW} and the other fifteen bits, V,
represent the unsigned {requency (velocity). The [frequency
(veloecity) can be determined from the following formula:

frequency = effective clock * (V / 65,536)

While performing motion in velocity range "5," the real
velocity output can be determined by the following formula:

real velocity = reported veloecity * EXT CLK/1.09 miz

The followlng 1list 1llustrates the respouse one would
receive from this command if one is in velacity-streaming mode.

85 identifies the command the respouse ig
intended for

00 => FF direction bit and most significant byte of
the velocity number

00 => FF least seignificant byte of the velocity
nuaber

00 bytes four through

1 gixteen are azlways zero
00 and are azlwaya preseat
VALID=in~INDEXER-mode

VALID-concurrenc-with—SEQUENCE-buffer—execution
VALID~in-VELOCITY-~STREAMING-mode
VALID—concurren:-with—VELOCITY—STREAHING

86 4] Request curreant acceleration

six bytes are returned to the host indicating the current
acceleration. The Eirst byte returned is an 86h identifying the
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following five bytes to be in response to this command. The
first of the last five bytes returned is the velocity and accel-
eration range ({see the commands to define moves, CBh through
D7h), The last four bytes are the positive acceleration most
significant byte first and least giguificant byte last, The
following 1ist {llustrates the redponse one would receive from
this command. '

86 jdentifies the command the response 1s
intended for

Xy denotes the velocity and acceleration
tange

00 -> 7F most significant byte of the acceleration

00 => FF gecond most significant byte

00 =-> F¥F third most significant byte

00 -> FF least significant byte of the acceleration

00 bytes seven through

: gixteen are always zero
00 and are always present .
VALID=in—INDEXER~node

YALID-concurrent-with=-SEQUENCE-buf fer-execution
VALID={n-VELOCITY~STREAMING—node

88 0 Request current move status

A two byte response indicating the move status. The first
byte 1is an 88h indicating the command to which this response
is directed., The second byte is the status of the motor. The
following list defines each bit of this status byte,

88 {dentifies the command the response is
intended for

XXAXXXXXD eight bit number, each bit {5 explained
below

bit 0 1s the least significant bit
bit 7 18 the wmost significant blc

bit O =» 1 the + direction limit switch is asserted
=-> 0 the + direction limit switch not asserted
bic 1 => 1 the — direction limit switch is asserted
=> 0 the - direction limit switch not asserted
bit 2 -> 1 the HOME limir switch is asserted
=> 0 the HOME limit switch 1s not asserted
bit 3 =-> 1 the direction of motion s = direction
=>4 the direction of motion {s + direction
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bit 4 -> 1 the motor is moving
-> 0 the motor is not moving

bit 5 => 1 the motor 1s at constant, nonzero velocity
-> 0 the motor 1s not at constant, nonzero

veloclity

bit 6 -> 1 the motor is accelerating
-> 0 the motor is not accelerating

bit 7 -> 1 the motor is decelerating
-> 0 the motor is not decelerating

00 bytea three through

: gixteen are always zevo
Q0 and are always present

VALID-1in~INDEXER-mode
VALID—concurtent—with—SEQUENCE-buffer—execution
VALID—{n-VELOCITY=STREAMING-nmode
VALID—concurrent-with-VELOCITY-STREAHING

29 0 Request state of the limit switches

The state of the limit switches is returned. Two bytes
are returned, the first byte indicates the command to which the
response 1is directed and the aecond byte indicates which, if
any, 1imit switch 1s active. The high order nibble (most
gignificant four bits) of the second byte pertain to the +
direction 1limit switch and the low order nitble {least aignifi-
cant four bits) pertain to the = direction 1limit gwitch.
1f a nibble s set the corresponding limit switeh 1s ac=
tive, 1f a nibble is O the limit switch 1is inactive. The
following respouses can be received from this command.

a9 identifies the command the vtesponse 1is
intended for
00 or OF or
FO or FF 00 means no limit switches are active
OF means only the = direction limit switeh
ig activae
FO means only the + direction limit switch
is active
FF weans both limir switches are active
00 bytes three through
: sixteen are always Zero
00 and are always present
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VALID—1in—INDEXER-mode
VALID=concurrent—with-SEQUENCE-buffer—execution
VALID=-1in=VELOCITY-STREAMING-mode
VALID-concurrent-with=VELOCITY-STREAMING

8A 0 Request state of the HOME limir switch

The state of the HOME limit switch 18 returned. Two
bytes ave returned, th: first byte indicates the command to
which the regponse 1s directed and the second byte
{ndicates whether ot not the limit switch is active. If the
gsecond byte 1is aun FFh the HOME limit switch is active, if the
gsecond byte is a OOh the limit switch is inactive., The follo-
wing response would be received from this command.

8A identifies the command the response 1is
intended for
D0 ox FF 00 means the HOME limit switch is inactive

PF weans the HOME limlt switch Ls active

00 bytes three through
: gixtean are always zero
60 and are always present

VALID=in—INDEXER=-mode
VALID-concurrent-with-SEQUENCE-buffer-execution
VALID=1in~VELOCITY=-STREAMING—mode
VALID—coucurrent—with—VELOCITY—STREAHING

BB ¢ Request direction of travel

The current or most recent direction of travel is returned.
This 1s a two byte response. The Eirst byte identiffes the
command the response 1is intended for aund the second byte
{dentifles the most recent direction of travel. The (ilrst
byte returned 1s an 8Bh. The second byte will be a 00h for
travel in the + dlrection and an FFh for travel 1in the =
direction. The respounse to this command is as follows.

8B tdentifies the command the rtesponse 1is
intended for
Q0 or FF 00 means travel in the + direction

FF mesns travel in the = direction

00 bytes three through
: sixteen are always zero

00 and are always present
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VALID-1in-INDEXER=mode
VALID~concurrent=-with-SEQUENCE-buffer—execution
VALID-1in-VELOCITY-STREAMING-mode
VALID-concurrent=with=VELOCITY=-3TREAMING

8cC a Request whether the motor is wmoving or not moving

Whather or not the motor is moving Is answered. Two
bytes are returned, the first byte identifies the command the
response 1is intended for and the second byte indicates the
moving/not moving status. A 00h is returned if the motor is not
moving and an FFh is returned if the motor is moving.

8C identifies the command the response 1s
intended for
00 or FF 00 means the motor is not moving

FF means the motor is moving

00 bytes three through
: sixrteen are always zero
00 and are always present

VALID=1in-INDEXER-mode
VALID=concurrent~with-SEQUENCE-buf fer-execution
VALID=1in-VELOCITY=-STREAMING-mode
VALID-concurreat-with-VELOCITY-STREAMING

8o 0 Request whether the motor is at constant, aocuzero
velocity or not

Whether or not the motor is at coanstant, nonzero velocity
is answered. Two bytes are returned, the first byte identifies
the command the response is intended for and the gacond byte
indicates the constant, nonzero velocity/not constant, nonzerg
velocity status. A OOh is returned if the motor 1is not at
constant, nonzero velocity and an FFh is returned 1f the motor is
at constant, nonzerc velocity.

8D i{dentifies the command the response 1s
intended for
00 or FF 00 means the motor is not at constant,

nonzero velocity
FF means the motor is at constant, nonzerc

velocity
oo bytes three through
s sixteen are always zero
00 and are always presant
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VALID~1in~INDEXER=-mode
VALID~concurrent-with=-SEQUENCE=buf fer-executien

VALID-1n-VELOCITY-STREAMING~mode

8E 0 Request whether the motor is accelerating or not
accelerating

Whether or not the motor 1s accelerating 1is answered.
Two bytes are returned, the first byte identifies the command
the response is intended for and the second byte indicates the
accelerating/not accelerating status. A 00h is returned 1if the
motor 1s not accelerating and an FFh is returned 1if the motor
is accelerating.

8E idantifies the command the response 1s
intended for
Q0 or FF 00 means the motor is not accelerating

FF means the motor is accelerating

00 bytes three through

: sixteen are always zero
00 and are always present
VALID~1{n~INDEXER-mode

VALID=concurrent-with=SEQUENCE-buffer-execution
VALID-1n~-VELOCITY-STREAMING-node

ar 0 Request whether the motor 18 decelerating or uot
decelerating

Whether or mnot the motor is decelerating 1s answered.
Two bytas are returuned, the first byte identifies the command
the responses is intended for and the second byte indicates the
decelerating/not decelerating status., A 00Oh is returned if the
motor 18 not decelarating and an FFh i3 returned if the wmotor
is decelerating.

8F identifies rhe command the response 1is
intended for
00 or FF 00 means the motor is not decslerating

FF means the motor is decelevating

00 bytes three through

s sixteen are always zero
00 and are always present
VALID=-in=-INDEXER~mode

VALID=concurrent=with~SEQUENCE~buf fer-~execution
VALID~1n=-VELOCITY~STREAMING-mede
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90 0 Request preseat mode

The 1indexer”s current mode of operation 1is recurned.
There are three posaible modes of operation: indexer mode;
velocity-distance streaming mode; and velocity-time streaming
mode . At least two bytes are returned, the first byte identi-
fies the command the response ls intended for and the second
byte indicates the mode the indexer is operating in. A mode 1is
jdentified by the command byte that causes the indexer to enter
that wmode; for example, 1f one wishes to enter indexer wode
they must give the indexer a 50h command. A 50h would be retur—
ned if one was in indexer mode and performed this command.

1€ one 1is in either of the velocity streaming modes
there will be additional bytes returned, besides the mode byte
(second byte returned). The third byte is the base frequency
being used, the fourth byte is the frequency divisnor, and the
£ifth through eighth bytes are the "buffer empty" alarm. 1f one
is in velocity time streaming mode the niath and tenth bytes will
contaln the update rate. (See the description of commands Slo
and 52h).

90 identifies the command the tesponse 1s
intended for

50 or 51 or 52 50 meana indexer mode
51 means velocity~distance streaming mode
52 means velocity-time streaming mode

01 -> 09 base frequency (velocity-streaming mode
only)

ol -> 10 base frequency divisor (veloclty=-streaming
mode only)

00 => FF MS byte of "buffer empty" alarm (velocity=-
streaming mode only)

Q0 => FF second MS byte

00 => FF third MS byte

00 -> FF LS byte of "buffer empty" alarm

00 -> FF MS byte of milliseconds update {velocity-
time mode only)

00 => FF LS byte of milliseconds update (velocity=-
time mode only)

00 bytes eight through

: sixteen are always zero
00 and are always present
VALID=1in~-INDEXER~node

VALID-concurrent=with—SEQUENCE-buffer—executioa
VALID={n=VELOCITY~STREAMING-mode
VALID=concurrent=with-VELOCITY-STREAMING

Compumotor Corporation 1/15/85 Page 116
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



APPENDIX A 1830 Motor Controller

91 1 Request move parameters for move mumber "X"
Q0 => 40, move number

Returns the parameters defined for move number x."  Six-~
teen bytes ave returned, The first byte returned is a %lh, it
identifies this command as the command the response is intended
for,. The second through sixteenth bytes appear as the first
through fifteenth bytes of a move definition. In other words,
the returned bytes match the format of the bytes that were sent
with the original define move command. When one is in velocicy-
streaming mode only the "default move" (move number 00) can be
defined, therefore, in velocity~streaming mode one will only
receive a response from this command if the move nunber is equal
to 00. Below is an 1llustration of the response one receives
from this command.

91 i{dentifies the command the response 1s
intended for

c8 -> DO {dentifies the move type {number is mwove
definition command)

00 -> 40 move number

XY X = velocity range and Y = acceleration
range

00 => 7F most significant byte of the move velocity

00 -> FF gsecond most significant byte

00 => FF third most significant byte

00 =-> FF least significant byte of the move velocity

00 -> 7F moat significant byte of the move accele-
ration

00 -> FF second most significant byte

00 -> FF third most significant byte

00 -> FF least significant byte of the move accele-
ration

00 => FF most significant byte of the move posi~
tion, or direction

00 => FF second most significant byte

g0 -> PF third most significant byte

Q0 -> FF least significant byte of the move position

VAL1D~1in=-INDEXER-mode
VALID=concurrent—-with~SEQUENCE-buffer—execution
VALID=-in=VELOCITY-STREAMING~mode
VALID-concurrent=with-VELOCITY-STREAMING

92 1 Request commands stored in the sequence buffer

01, always (reserved for sequence number)

Returns the commands that have been 1loaded into the

Compumotor Corporation 1/15/85 Page 117
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



APPENDIX A 1830 Motor Controller

dequence buffer, Sixteen bytes are always returned. Only
one command 1s returned from the sequence buffer at a time, if
a command is not sixteen bytes long the command will be padded
with zeroes to make it sixteen bytes long. The first byte is a
92h 1indicating this is the command the response 1s meant for.

The second through sixteenth bytes contain the command. Res-—
ponses are sent as long as there are commands in the sequence
buffer. A uull command will be =ment to indicate the end of

the sequence buffer, 1in other words, the last message sent will
be a 92h followed by the null command (92h followed by fifteen
zeroes). The response to this command appears as Eallows.

92 jdentifies the command the response 1is
intended for
00 -> FF command byte Ln the sequence buffer
00 => FF parameter one, zero if no paraweter
00 => FF parameter two, zero if no parameter
00 => FF parameter three, zero if no parameter
00 -> FF parametec four, zero if no parameter
00 => FF patamecer five, zero if ao parameter
g0 => FF parameter six, zero if no parameter
00 => FF parameter seven, zero if no parameter
00 => FF parameter elght, zero if no parameter
00 -> FF parameter nine, zero if no parameter
00 =-> FF parameter ten, zero if no parameter
00 -> FF parameter eleven, zero if no parameter
00 => FF parameter twelve, zero 1f no parameter
00 -> FFP parameter thirteen, zero if no parameter
00 ~> FF parameter fourteen, zero if no parameter
SINGULAR
VALID~in-INDEXER~mode
93 0 Request state of the move defimitions (complete or
incomplete)
The state of the move definitions 1is returned. This

command 1s requesting whether or not all the moves that have
been loaded into the indexer for definition have been "erunched”
by the indexer. In ocher words, have the move definicious
been converted from their raw form to a form ready for
performing moves by the indexer. An FFh is returned if the
moves have all been "crunched” and a 00h 1is returned {if
the moves have not all been "crunched.” If a move has not
been "crunched" it may still be performed by the indexer. The
difference between z mave being "crunched" aad not bheing “crun-
ched" 18 not the ability to perform the move but, rather, the
delay time between asking a move to be performed and the move
actually being executed. For all moves there are some pre-move
calculations involved, however, if a wmove has been "crunched"
the amount of pre-move calculations to be performed is nini-
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mized and the resulting delay time between asking that a
move be performed and the move actually beilng performed 1is
minimized. (If the indexer is asked to pecform a move that

has not been "crunched" the indexer will perform the “crun-
ching" of that move and begin the move.) The following
response would result from this command .
93 identiftes the command the response 1is
intended for
00 or FF 00 means not all the moves have been
“"crunched"”
FF means all the moves have  been
"crunched"
00 bytes three through
: gixteen are always zero
co and are always present

VALID~in~INDEXER=-mode
VALID=concurrent—with-SEQUENCE-buffer-execution

94 0 Request state of the TRIGGER inputs {2-5)

This command will return the current state of TRIGGER
inputs two through five. These inputs are level sensitive
inputs; TRIGGER inputs one and six are edge sensitive inputs.
The information 1s returned in one byte; bits two through five
reflect the state of the corresponding TRIGGER input, a l for TTL
high and a 0 for TTL low, The following message would be re-
celved from this command,.

D4 tdentifies the command the response ({s
intended for

00XXXX00b eight bit number, each bit is explained
below

bit 0 is the least significant bit
bit 7 18 the most significant bit

bit 0 => 0 always
1 never
bict 1 =-> 0 always
1 never
bic 2 > € TRIGGER 2 is currently a TTL low
1 TRIGGER 2 is currently a TTL high
bit 3 => 0 TRIGGER 3 is currently a TTL low
1 TRIGGER 3 18 currently a TTL high
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bit 4 => O TRIGCER 4 is currently a TTL low
1 TRICGER & is currently a TTL high
bit 5 => 0 TRIGGER 5 is currently a TTL low
1 TRIGGER 5 is curreatly a TTL high
bit 6 => 0 always
1 never
bit 7 -> O always
1 never
00 bytes three thirough
: sixteen are always zero
00 and are always present
VALID=in-INDEXER-mode

VALID-concurtent-with=SEQUENCE-buffer-execution
VALID-1n=-VELOCLTY~STREAMING~mode
VALID=concurrent-with=VELOCITY~STREAMING

95 i+ Raquest state of the JOG Inputs

This command will rteturn the current state of the JOG
inputs. These inputs are level sensitive, The ianformation is
returned in one byte, with bits 0 through 2 reflecting the state
of JOGNEG, JOGLO and JOGPOS, respectively. These inputs ave all
active low; therefore, "0" indicates a TTL high, and a "1"
indicates a TTL low. The followlng message would be received
from this command.

95 identi{fies the command the response {is
intended for
00000XXXDb 8 bitc number, bit O is the least
significant bit
bit 0 => O JOCNEG is not active (TTL high)
-> 1 JOGNEG 1a active (TTL low)
bit I => O JOGLO is unot active (TTL high)
-> 1 JOGLO 1s active (TTL low)
bic 2 -> O JOGPOS 13 not active (TTL high)
-1 JOGPOS 1s active (TTL low)
bits 3=7-> 0 always
-1 never
oo bytes three through sixteen are
H always zero and are always
00 present
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VALID~in—-INLDEXER~mode
VALID-1in=VELOCITY-STREAMING-mode
VALID-concurcent-—with-SEQUENCE-buffer—execution
VALID=concurrent—with-VELOCITY~-STREAMING

96 0 Request the state of the Channel Z howme input

This command is used to determine the state of an encoder
home bit input. There are two home inputs to the 1830 Indexer,
the home bit on the auxiliary coanector and the home bit on the
encoder connector. They are not the same home bit, One {5 the
open-loop home bit; the other is the closed-loop home bit. This
command refers to the closed-loop home bit.

To determine the state of the open-loop home bit, use the
8A command. When using the closed—~loop home bit as a home bit,
the open-loop home bit becomes the home enable bit. This is for
use with rotary encoders. Rotary encoders have a home bit that
occurs once every revolutien, The home enable bit is wused to
determine which revolution contains the true home. Therefore,
two bits are required for a closed-loop home—-the home enable bit
and the closed-loop home bit,

A response looks 1like, 96 00 or FF, followed by bytes 3-16
which are always zero and are always present., 00 indicates the
input is low, FF indicates the input is high.

VAL1D=-in-~INDEXER-made
VALID=1in—VELOCITY-~STREAMING~uode
VALID-concurcent=-with~SEQUENCE=-buffer-executlon
VALID=concurrent=with~VELOCITY-STREAMING

97 0 Request the state of the programmable output bits

This command 15 used to determine the stare of the pro-
grammable ocutput bits. In the response byte, bit 1 corresponds
to the state of programmable output bit 1; bit 2 corvesponds to
the state of programmable output bit 2 (bit 0 ia not used). The
state returned 1s the programmed state of the programmable output
bits., The respounse will always accurately indicate the state of
the output circuit unless an external signal is overpowering the
outputs, or the output circuitry is defective.

A response looks like, 97 00 or 02 or Q4 or 06, followed by
bytes 3-16 which are always zero and are always present, Bit ] of
the first psrameter byte indicates the state of programmable
output bit 1 and bit 2 indifcates the state of programmable ocutput

bic 2.
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VALID~in-INDEXER—mode
VALID-{n-VELOCLTY-STREAMING-mode
VALID-concucrent-with-SEQUENCE-buf fer—execution
VALID—cuncurrent—with—VELOCITY-STREAMING

98 0 Requesk relative encoder count

This command returns the relative encoder count. If the
indexer Ls performing a move tha relative encoder count is the
number of encoder pulses that have been seen by the indexer since
the most recent zero velocity position. TIf the indexer is not
performing a move the relative encoder count is the aumber of
ancoder pulses the 1Indexer saw during the 1last move {zero
velocity to avnzero veloeclty and back te zerc velocity). The
positlon returned is expressed In two”s complement Eorm, most
signiflcant byte first and least significant byte last. The sign
of the distance reflects the direction of the relative move.

The following list illustrates the message one will recelve
in the OUTPUT DATA BUFFER as a response CoO this command. A
"nessage ready incerrupt" will be ganerated 1f that intecrrupt 1s
enabled and the appropriate jumpers have been {nstalled.

98 jdentifies the command sending the nessage
00 => FF MS byte of the relative encoder count
00 => FF sacond MS byte
00 => FF third MS byte
00 => FF LS byte of the relative encoder count
00 bytes six through
H glxteen are always zero
00 and are always present
VALID=in-INDEXER-mode

VALID-concurtent—with~SEQUENCE-buf fer—execution
VALID-in=-VELOCITY-STREAMING-mode
VALID-concurrent~with-VELOCITY-STREAMING

39 0 Request relacive error from desired
closed-loop position

This command returns the difference between the desired
absoluta cloged—loop position and the actual absolute closed-loop
pesition. The error returned 1s expressed in two”s complement
form, most significant byte flrst and least sigaificant byte
last. The sign of the error reflects the direction the motor must
move to make up the error. The error is expressed in ualts of
encoder pulses as seen by the Lndexer (see command BOh). The
erroc is calculated using the following formula:

error = A =B
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where:
o = desired absolute closed-loop position
B = actual absolute closed-loop pesition
The following list illusttates the message one will recelve
in the OUTPUT DATA BUFFER as a result of this command. A "message
ready interrupt’ will be generated if that interrupt is enabled
and the appropriate switches have been set.

99 identifies the c¢ommand sending the message
00 => FF MS byte of the relative error
00 =-> FF gecond M5 byte
00 => FF third MS byte
00 -> FF LS byte of the relative ertor
00 bytes six
H through sixteen are always zero
00 and are always present

VALID=-in-INDEXER-mode
VALID-concurrent-with=SEQUENCE-buffer-execution
VALID~1in-VELOCITY—STREAMING~mode
VALID-concurrent~with-VELOCITY-STREAMING

9A 0 Request absolute encoder count

This command returns the absolute encoder count. The
position returned 1is expressed in two”s complement form, most
significant byte first and least significant byte last, The sign
of the position reflects the side of absolute zero the motor 1is
residing on. The absolute encoder count 1s reset to zero when one
redefines absolute zero with the 30h command. The absolute
position counter is a 32 bit up/down binary counter, thus, the
maximum absolute encoder count (maximum number of encoder pulses)
the indexer can track is 80000000h through 7JFFFFFFFh (~
2,147,483,648 through 2,147,483,647). The number of encoder
pulses 1s not equal to the number of encoder lines, the closed-
loop circuitry performs a "times 4" function on the incoming
encoder line pulses, Thus, the number of encoder pulses 1is equal
to four times the number of encoder lines.

The following list illustrates the message one will receive
in the OUTPUT DATA BUFFER as a result of this command. A "message
ready interrupt™ will be generated if that Iinterrupt is eunabled
and the appropriate switches have been set.

94a identifies the command sending the message
00 => FF MS byte of the absolute encoder count
00 -> FF second MS byte
00 -> FF third M8 byte
Compumotor Corporation 1/15/85 Page 123
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00 =-> FP LS byte of the absolute encoder count
00 byces six

: through sixteen are always zero
00 and are always present

VALID-1in~INDEXER-mode
VALID—concurrent-with—SEQUENCE—buffer-execution
VALID—iu—VELOCITY-STREAMING—mode
VALID—concurrent-with—VELOCITY—STREAMING

98 0 Request slip detect status

This command returns the slip detect status word. The slip
datect status word is the number of motor rotor teeth (+1/-0 1f
the number is nonzero and +/-0 if the number i{s zero) that have
slipped with respect to the stator teeth., If no slip has occured
this number will be zero. The sllp status word can only be
calculated 1f the motor to encoder ratio, the motor resclution,
and the number of rotor teeth have beean defined., If these
quantities have not been defined a zero will always be returned,
aven {f slip has occured. Slip is defined as follows:

if (abs_value of (A = B*C) > sigma)
slip status word = {abs_value of (A - B*C) - sigma) / (D/E);

else
slip status word = O;

where:
= curreat absolute motor pulse count
= current absolute enceder count
= motor pulse to encoder pulse ratio
igma = system backlash {motor steps)
= motor resolution (# of motor stepa perl revolution)
= number of rotocr teeth

The motor to encoder ratio is defined with the BOh command.
The motor resolution is defined with the Blh command. The number
of rotor teeth is defined with the B4h command. The slip status
word 1is the number of rotor teeth that the motor has '"slipped"”
with respect to the stater teeth. In other words, if a slip does
occur i1t means the motor has lost sychronism with the input
pulses being seant by the indexer. It 1s recommended that the slip
detect status word only be requested when the motor is not
moving. To set this gquantity back to zero, 1if a slip has
gccurred, one must issue the 30h command, which results in
zeroing both the open-loop absolute position and the closed—laop
absolute position.

The following list illustrates the message one will receive
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{n the OUTPUT DATA BUFFER as a result of this conmand, A "message
ready interrupt" will be generated Lf that intercupt is enabled
and the appropriate switches have heen set.

98 {dentifies the command sending tne Mmas§a7o
00 always
00 always
a0 => FF MS byte of the slip status word
00 => FF LS byte of the slip status word
00 bytes six
: through sixteen are always zero
00 and are always present
VALID=1in—-INDEXER~node

VALID-concurrent-with-SEQUENCE-buffer-execution
VALID=1in-VELOCITY=-STREAMING~mode
VALID—concurrent—with-VELOCITY-STREAHING

b 1 0 Eequest motor pulse to encoder pulse ratio

This command returns the motor pulse to encoder pulse
ratio. This ratio is used to convert encoder pulses counted by
the 1800 dindexer to motor pulses when calculating various
quantities (see commands 19h and 9Bh). The second and third byte
returned are the numerator of this catio and the fourth and fifth
byte are the denominatot. This ratio is defined by the host with
the "define motor pulse to encoder pulse ratio” command (BOh).
The numbers returned are tnterpreted as ABSOLUTE numbers, not as
signed numbers.

The following list 1llustrates the message one will receive
in the OUTPUT DATA BUFFER as a result of this commanl. A 'message
ready 4interrupt” will be generated 1f that Interctupt is enabled
and the appropriate switches have heen set.

gC {dentifies the command sending the message
00 => FF MS byte of the ratio”s numerator
00 => FF LS byte of the ratio”s numerator
00 => FF MS byte of the ratio”s denominator
00 => FF LS hyte of the ratio”s denominnter
00 bytes six
: through sixteen are always zero
00 and are always present

VALID-{n-INDEXER-mode
VALID-concurrent—with-SEQUENCE—buffer—execution
VALID~in-VELOCITY-STREAMING-mode
VALID-concutreut—with—VELOCITY-STREAHING
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a0 0 Request motor resolution

This command returns the defined motor resolution. The
motor resolution 1s required for a number of calculations,
including stall detect and slip detect. If this quantity is not
supplied those functions that requite this number will not be
operable. This quantity 1s defined with the Bih command. The
motor resolution 1s defined as the number of pulses that
constitute one complete revolution of the motor, Note that the
number returned 1s always a positive number.

The following list illustrates the message one will receive
{n the OUTPUT DATA BUFFER as a result of this command. A "message
ready interrupt” will be generated {f that interrupt is enabled
and the appropriate switches have been set,

9D identifies the command sending the message
00 always
a0 always
00 => FF MS byte of the motor resolution
00 =-> FF L5 byte of the motor resolution
0Q bytes six
: through sixteen are always zero
00 and are always preseat

VALID=1n=INDEXER-mode
VALID-concurrent=with-SEQUENCE-buf fer-execution
VALID-1n-VELOCITY-STREAMING-mode
VYALID-concurrent=«w1ith=VELOCITY-STREAMING

9E 0 Request backlash sigma (motor stepsa)

The backlash sigma number is the number of motor steps
required to traverse any deadband in the mechanical system
between the motor”s shaft and the encoder. Typlcally, the
deadband 1s due to backlash in a geartrain being drivenm by the
motor. If the encoder is mounted directly to the motor”s shaft
there should be no backlash or deadband (between the motor and
the encoder), This number is named sigma because it 1s not
expected to be very large. Too large a deadband can result in an
unstable closed-loop system.

The following list illustrates Che message oue will receive
in the OUTPUT DATA BUFFER as a rasult of this command. A "message
ready interrupt" will be generated if that interrupt is emnabled
and the appropriate switches have been set. Note that the back-
lash sigma is defined in units of motor pulses, not  encoder
pulses, and is the entire width of the deadband region.
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9E identifies the command sending the message
00 => 7F MS byte of the backlash sigma
00 -> FF gecond MS byte
00 => FF third MS byte
00 -> FF LS byte of the backlash sigma
00 bytes six
: through sixteen are always zero
00 and are always present

VALID-1in-INDEXER-mode
VALID-concurrent—with-SEQUENCE-buffer~execution
VALID-in—-VELOCITY-STREAMING-mode
VALID-concurrent—with=-VELOCLTY-STREAMING

9¥ 0 Request position maintenance alg.,
const, & max., velocity

Position maintenance 1s performed only when enabled and
only when a move is not being performed. The position maintenance
algovithm 1is wvery simple and consists of creating a correction
velocity based on the positional error {the difference between
the desired absolute encoder position and the actual absolute
encoder position). Three veloeity generation functious are
available and are chosen with parameter byte number one. Those
three functions are:

parameter byte # one correction algorithm
01 cotrection velocity = K * error
02 correction velocity = K * (error)~{1/2)
03 correction velocity = K * (error)”2

In the first algorichm, 01, the correction velocity is K
times the positional error. For algorithm 02 the correction
velocity is equal to K times the square root of the positicnal
error. And in algorithm 03 the correction velocity 1is equal to K
times the square of the positional error.

K {8 the correction galn constant and is specified with the
second parameter byte. It may be any number between O and FFh (0
-255). Obviously, if 0 is chosen no correction will take place!

The last five parameter bytes speclfy the maximum
correction velocity allowed. The method of choosing the maximum
correction velocity is similar to that used to choose move
velocities, That 1is, a velocity range number must be supplled
with the four byte velocity aumber. The velocity range number
corresponds to the velocity range numbers one uses when defining

Compumototr Corporation 1/15/835 Page 127
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



APPENDIX A 1830 Motor Controller

a move.

The following list fllustrates the measage one will receive
{n the OUTPUT DATA BUFFER as a result of this command. A “message
ready interrupt” will be generated 1f that interrupt is enabled
and the appropriate switches have been set.

9F jdentifies the command sending the message
01 -> 03 position maintenance algorithnm
00 => FF correction galn constant (K)
0X -> 5X velocity range number (see C3 command }
00 -> 7F MS byte of the maximum correction velocity
00 -> FF gecond MS byte
00 -> FF third MS byte
00 -> FF LS byte of the maximum correction veloeity
00 bytes nine through
: sixteen are always zero
00 and are always present

VALID-1n-INDEXER-—mode
VALID—concurrent-uith—SEQUENCE—buffer-execucion
VALID-in=-VELOCITY-STREAMING-mode
VALID—concurrent-u1th—VELOCITY—STREAMING

AD 1 Interrupt at the start of the next aove

00 or nonzero, 00 = disable the interctupt, nonzerg =~ enable the
intecrupt

Interrupt the host bus when the next move begins. The
{ntercupt occurs only once, at the beginning of the next move.
Subgsequent moves will not cause an interrupt. The intarrupt
one will receive from the 1830 indexer 1s a “message ready”
interrupt, the message in the OUTPUT DATA BUFFER 1is this
command (ADh) followed by Eifteen zeroes. 1f a move is occur-
ring at the time this command is issued the next move to start
will cause an Interrupt, the current wmove will not cause an
interrupt as a result of this command. Afcer power on or reset
this interrupt is disabled,.

VALID=wit hin-a-SEQUENCE-buf fer

VALID—1in=INNEXER-mode
VALID-concurrent—with-SEQUENCE—buffer-execution

Al 1 Interrupt at the start of every move

00 or nonzero, 00 = disable the interrupt, nonzero = enable the
intertupt

Same as AQh except an Interrupt will be d1ssued every
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time a move begins. (Unless the command is issued when a
move is in progress, then the move in progress will not cause an
interrupt.) The message in the OUTPUT DATA BUFFER will be an
Alh followed by fifteen zeroes. After power on or reset this
interrupt is disabled.

VALID-within-a~SEQUENCE=buf fer
VALID-in=INDEXER-mode
VALID-concurtrent-with-SEQUENCE-buf fer~execution

A2 1 Interrupt at coustaot, N00ZETO velocity of the
next move

00 or nonzero, 00 = disable the interrupt, nonzero = enable the
interTupt

Interrupt the host bus when the next move reachas  con-
atant, nonzeroc velocity. The interrupt occurs only once, a4t
constant noazero velocity of a next wmove, The Iinterrupt one
will receive from the 1830 indexer 1is the 'message ready"
interrupt, the message in the OUTPUT DATA BUFFER is this
command (A2h} followed by fifteen zeroes. Subsequent con~
stant, nonzero velocities of any moves will not cause an inter-
rupt. If & move is occuring at the time this command 1s issued
the next move started will cause an Interrupt, the current move
will not cause an interrupt as a result of this command. If
constant, nonzerc velocity is not reached (the move 1s prema-
turely stopped or the performance of a preset move results 1in a
triangular profile) no interrupt will be recelved by the host.
After power on or reset this interrupt is disabled.

VALID-within—a=SEQUENCE~buffer
VALID-1in~INDEXER-node
VALID-concurrent~with—SEQUENCE~buf fer-execution

A3 1 Interrupt at constant, nonzers veloelty of every
move

00 or nonzero, 00 = disable the interrupt, nonzero = enable the
interrupt

Same  as A2h except an intertupt will be 1ssued every
time any move veaches constant, nonzetro velocity., (Unless the
command is issued when a move i3 in progress, then the move in
progress will not cause aa interrupt.) The message one  will
receive will be an A3h followed by fifteen =zeroes. If con-
stant, nonzero velocity is not reached (the move is prematurely
stopped or the performance of a preset move results in a triangu-
lar profile) no interrupt will be received by the host.
After power on or reset this interrupt 1s disabled,
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VALID-within—a—-SEQUENCE-buffer

VALID-1in~INDEXER-mode

VALID-concurrent-with—SEQUENCE-buffer—executian
A4 1 Intexrupt at the next end of motion

00 or nonzero, 00 = disable the Interrupt, nonzero = enable the
interrupt

Interrupt the host bus when the next end of wotion

occury., The interrupt occurs only once, when the  wmotor
arrives at zero velocity. Subsequent excursions to  zero
velocity will not cause an interrupt. The 1interrupt  one

will receive from the 1830 indexer is a 'message ready"
interrupt, the message in the OUTPUT DATA BUFFER is this
command (A4h) followed by fifteen zeroes. After power on or
regset this iInterrupc 1is disabled.

VALID-within-a~SEQUENCE-buffer
VALID-{n~-INDEXER-mode
VALID=concurreat—-with-SEQUENCE~buffer—execution

AS 1 Tuterrupt at every end of motion

00 or unonzero, 00 = disable the interrupt, nonzero = enable the
interrupt

Same as A4h except an interrupt will be 1ssued every time
end of motion occurs is reached. The message one will receive in
the DATA BUFFER will be an ASh followed by fifteen zeroes.
After power on or reset this ianterrupt is disabled.

VALID-within-a—-SEQUENCE-buffer
VALID-in—-INDEXER-mode
VALID-concurrent-with—-SEQUENCE~buffer—execution

Af 1 Iaterrupt on next stall detect

00 or nonzarc, 00 = disable the interrput,
nonzero = enable the intertupt

Interrupt the host bus when the next gtall detect occurs.
The interrupt occurs only cnce, when the next stall detect
oceurs. Subsequent stall detects will not cause an intercupt.
The interrupt one will recelve from the 1830 1indexer 1is a
"message ready” interrupt; the message in the OUTPUT DATA BUFFER
is this command (A6h) followed by fifteen zeroes. After power cn
or reset, this intercupt is disabled.
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VALID=within-a SEQUENCE-buffer
VALID-1in-INDEXER-mode
VALID-concurrent—with-SEQUENCE-buffer-execution
VALID-1in=VELOCITY-STREAMING=—mode
VALID-concurrent-with-VELOCITY=-STREAMING

A7 1 Intetrupt on every stall detect

00 or nonzerc, 00 = disable the interrput,
nonzero = enable the interrupt

Same as A6h except an interrupt will be issued every time a
stall detect occurs. The message in the OUTPUT DATA BUFFER will
be an A7h followed by fifteen zeroes. After power on or reset,
this interrupt 1is disabled.

VALID=-within—-a SEQUENCE-buffer
VALID=in~INDEXER-mode
VALID-¢oncurrent—with~SEQUENCE-buffer—-execution
VALID~in=-VELOCITY-STREAMING-mode
VALID=concurrent-with-VELOCITY=-STREAMING

Al 1 Interrupt the next time the wotor hits the + limit

00 or nonzero, 00 = disable the interrupt, nomzero = enable the
interrupt

Interrupt the host bus when the + direction limit switch
is struck. The Interrupt occurs only once, the first time the
+ 1limit switch 1s struck. Subsequent active + direction
limits will not cause an Iinterrupt. The interrupk one will
receive from the 1830 indexer 1is a "message ready" inter-
Tupt, the message In the OUTPUT DATA BUFFER 1s this
command (A8h) followed by fifteen zerces. If the + direction
1imit {8 active at the ¢time this command 1s 1ssued the next
active + direction 1limit will cause an interrupt, the cur-
rent active + limit will not cause an lotertvupt as a result of
this command.

VALID=-within=a=SEQUENCE-buffer
VALID~1in=-INDEXER-mode
VALID=-concurrent=with=SEQUENCE~buf fer-execution

VALID=-in=VELOCITY-STREAMING-made
VALID=concurtent-with=-VELOCITY-STREAMING
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A9 1 Interrupt every time the motor hits the + limir
switch

00 or nonzero, 00 = disable the interrupt, nonzera = enable the
interrupt

Same as ABh except an interrupt will be 1ssued  every
time the + direction limit 1is struck., (Unless the command is
{ssued when the + limit 1s actlve, then the next active + limit
will cause an lanterrupt.) The message one would recelve in
the OUTPUT DATA BUFFER is an A9h followed by fifteen zeroes.
After power on or reset this interrupt is disabled.

VALID~within-a—SEQUENCE-buffer
VALID»in—INDEXER-node
VALID-concurrent-with—SEQUENCE—buffer—execution
VALID—in—VELOCITY-STREAHING-mode
VALID—concurrent—with—VELOCITY-STREAMING

AA 1 Tonterrupt the next Cime the motor hits the - liwmit

00 or nonzero, 00 = disable the intercupt, nonzero = enable the
interrupt

Intertupt the host bus when the ~ direction limit switch
{s struck. The 1nterrupt occurs only once, the first time the

- limit switch 1s struck. Subsequent active = direction
limits will not cause aa lnterctupt. The interrupt one
will Trecelve from the 1830 indexer is a ''message ready"

interrupt, the message in the DATA BUFFER 1s cthis command (AAh)
followed by flfteen zeroes. If the = direction limit is active
at the time this command is issued the next active = direc—
tion limit will cause aun Interctupt, the current active =
1imit w@ill not cause an laterrupt a3 a result of this
command. After power ot or reset thig interrupt is disabled.

VALID-within-a-SEQUENCE—buffer
VvALID=in—-INDEXER-mode
VALID—concurrentnwith-SEQUENCE—buffer-executton
VALID-in—VELOCITY-STREAHING-mode
VALID—concurren:—with-VELOCITY-STREAMING

AB 1 Interrupt every time the wokor hits the — limit switch

00 or nonzero, 00 = disable the interrupt, nonzero = enable the
interrupt

Same as AAh except that an intercupkt will be 1ssued every
time the = direction 1imit 1s struck. (Unless the command is
{gsuad when the = limit is active, then the next active — limit
will cause an interrupt.) The message one will recelve in the
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OUTPUT DATA BUFFER will be an ABh followed by £ifteen zeroces.
After power on or reset this interrupt 1is disabled.

VALID-within—a=SEQUENCE-buffer
VALID-in—INDEXER-mode
VALID-concurrent-with-SEQUENCE-~buffer—execution
VALID-1n=VELOCITY~STREAMING-mode
VALID~concurrent=with~VELOCITY-STREAMING

AC 2 Interrupt on TRIGGER "X" active

01 or 06, 01 = TRIGGER 1 and 06 = TRIGGER 6
00 or nonzero, 00 = disable this function, nonzero = enable

Interrupt the hoat bus when when the specified TRIGGER
goes  actlive, The interrupt one will receive from the 1830
indexer 18 a "message ready" ianterrupt, the message in the
OUTPUT DATA BUFFER is this command (ACh) followed by the
parameter byte {a 01 or a 06) and fourteen zeroes.

Only one function may be performed by a given TRIGGER
input. For example, if TRIGGER 1 has already been initialized
to STOP motion on active TRIGGER 1 no other function may be
specified for active TRIGGER 1 until the STOP motion function is
digabled.

VALID-within-a=-SEQUENCE-buffer
VALID=-in-INDEXER-mode
VALID=concurrent—with-SEQUENCE-buffer—execution
VALID-1n-VELOCITY-STREAMING~mode
VALID=-concurrent-with-VELOCITY-STREAMING

AF 0 Inhibit all of the interrupts

Tfurns off all interrupts turned on by commands AOh
through AEh. I1f none of the above Interrupts are enabled this
command has no effect.

vALID=within=-a~5SEQUENCE=buffer
VALID~1in-INDEXER-mode
VALID-concurrent=with-SEQUENCE-buf fer-execution
VALID-1in=VELOCITY=-STREAMING-mode
VALID—concurrent—with—VELOCITY-STREAHING

RO & Define motor pulse to encoder pulse ratio

00 => FF, MS byte of the numerator
00 =-> FF, LS byte of the numeratot
D0 => FF, MS byte of the denominator
00 =-> FF, LS byte of the denominator
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This command defines the motor pulse to encoder pulse
catio. This ratle 1s used for a varlety of calculations (see
commands 19h and 9Bh). The second and third parameter bytes are
the numerator of this ratio and the fgurth and fifth parameter
bytes are the denominator. The numbers 1ia the ratlo are
{nterpreted as absolute integers, not as Ctwo™s complement
aumbers, {the ratio is a rational number). The 1830 closed—-loap
cireuitry performs a "cimes 4" function on the incomiag encoder
pulses, Therefore, one incoming encoder perilod equals four
encoder periods as counted by the 1830 indexer. To determine the
ratio do the following:

1) x = number of motor pulses per revolution of the motor

2) y = number of encoder lines per vevolutioan of the wmotor
3) z =y * 4 (aumber of encoder pulses per motor revolution)
4) ratio =x / z

"

The numbers one must send with this command are ¥ and
3" These two nuabecs are {aterpreted as positive sixteen bit
numbers. Lf the anumbers one determines for the above ratio do not
£{t Llato the two byte numerator and denominator format it may be
necessary to slmplify the ratio, For example, if one has a ratlo
of 70,000 / 10,000 they caanot define the ratio using this
command because 70,000 does aot fit into sixteen bits., However, 7
/ 1 does fit, and will work just as well!

VALID-within—a=SEQUENCF-buffer
VALID-in=-1NDEXER-mode
VALID—concurrent-with-SEQUENCE—buffer—execution
VALID=-1n-VELOCITY-STREAMING-node
VALID—concurrent—with-VELOCITY—STREAMING

Bl 4 Define motor resalution
00, always
0n, always

00 => FF, MS byte of the motor resolution
g0 -=> FF, LS byte of the motor resolution

This command defilnes the motor resolution, The motor
resalution 18 used for a vaclely of calculations {(see commands
19n and 9Bh). The motor resclution is defined as the numbecr of
pulses that constitute one complete revolution nf the motor (in a
gtandard Compumotor this would be 25,000 steps). Note that the
motor resolution ls always defined as a positive aumber.

VALID-within-a—-SEQUENCE-buffer
VALID—-1in—-INDEXER-mode
VALID-concurrent-with-SEQUENCE-buEfec—execaticn
VAL1D-1in~-VELOCITY-STREAMING-node
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VALID-concurrent-with-VELOCITY-STREAMING
B2 4 Define backlash sigma (motor steps)

00 => 7F, MS byte of the backlash sigma
00 -> FF, second MS byte
00 -» FF, third MS byte
00 => FF, LS byte of the backlash sigma

The backlash sigma number is the number of motor steps
required to Craverse any deadband in the mechanical system
between the motor”s shaft and the encoder. Typically the deadband
1s due to backlash in & geartrain being drivea by the motor. If
the eancoder 1s mounted directly to the motor’s shaft there should
be no backlash or deadband (between the motor and the encoder).
This number is named sigma because it 1s not expected to be very
large. Too large a deadband can result in an unstable closed-loop
gystem.

Note rthat the backlash sigma is defined 1in units of motor
pulses, uot encoder pulses, and is the entire width of the
deadband reglon.

VALID-within=-a-SEQUENCE-buffer
VALID=1in—~INDEXER-mode
VALID-concurrent-with=SEQUENCE~buffer—execution
VALID-1n0-VELOCITY-STREAMING-mode
VALID-concurrent=with=-VELOCITY~STREAMING

B3 7 Define position maintenance alg.,
const. & max. velocity

01 => 03, choose position maintenance algorithm

00 -> FF, correction gain constant (K}

0X => S5X, velocity range number

00 =» 7F, MS byte of the maximum correction velocity
00 => ¥F, second MS byte

00 -> FF, third MS byte

00 => FF, LS byte of the maximum correction velocity

Poaition maintenance is performed only when enabled and
only when a move is not being pecrformed. The position maintenance
algorithm 1s very simple and consists of creating a correction
velocity based on the positional error (the difference between
the desired absalute encoder position and the actual absolute
encoder position). Three velocity generation functiomns are
avallable and are chosen with parameter byte number one. Those
three functious are:

parameter byte # one correction function
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01 correction velocity = K * error
02 eorrection velocity = K * {error)~(1/2)
03 correction velocity = K * (error)”2

In the first algorithm, 01, the correctlon velocity is K
times the positional error. For algorithm 02 the correction
velocity 1s equal to K times the square root of the positional
aerror. And in algorithm 03 the correction velocity is equal to K
times the square of the positional error.

K is the correction gain coastant and is specified with the
second parameter byte. Tt may be any number between O and FFh (0
-255). Obviously, if 0 is chosen no correction will take place!
The Ffirst two correction algorithms work the best. Always starc
off with a small value for K and work up to the optimum value for
K. The cortect algorithm and K value are very strong functions of
the your mechanical system.

The last five parameter bytes specify the maximum
correction velocity allowed, The maximum correction veloclity is
specified in units as one specifies a move velocity. The veloclity
range number used here 13 exactly the same as the veloclty rtange
numbers used in move definitions. (See the D4h command below).

No position maintenance will be performed until all of
these parameters have been supplied. These parameters mwdy be
changed at any time, it is not necassary to turn the position
maintenance function off when changing them.

VALID~-within-a=SEQUENCE-buffer
VALID-1in~INDEXER-mode
VALID-concurrent-with-SEQUENCE-buffer-execution
VALID-1n=VELOCITY-STREAMING-mode
VALID—coucurrent"with-VELOCITY-STREAMING

BA 4 Define the number of rotor teeth
00, always
00, always

00 -> FF, MS byte of rthe number of roter teeth
00 -> PF, LS byte of the number of rotor teeth

This command defines the number of rotor teeth on the motor
being driven. The number is required to calculate the slip detect
statug word., Most hybrid permanent magnet step motors have 50
rotor teeth, (All Compumotors at the time of this writing have 50
rotor teeth). The number of rotor reeth determines the distance

over which a slip will onccur,
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VALID—within—a-SEQUENCE~buffer
VALID=in=-1NDEXER=-mode
VALID=concurrent—with-SEQUENCE-buffer~execution
VALID—-in-VELOCITY-5TREAMING~mode
VALID=concurrent-wlth-VELOCITY-STREAMING

B5 4 Define the deadband region in eancoder pulses

00 -=> FF 1ignored

00 -> FF ignored

00 =->» FF most significant byte of deadband size
00 => FF least significant byte of deadband size

This command is required for use with the code 80 option
of the OF command, Code 83 of the OF command i{s used teo indicate
whether the motor is within the user defined closed-loop dead-
band. The BS command is used to define that desired closed-loop
deadband.

The four parameter bytes are the deadband reglon to be
defined. The first two parameter bytes are unused and ignored.
The last two parameter bytes define the deadband region. The
number defined {8 the absolute value of the deadband region on
each side of the desired position. The number is not a two's
complement number.

The reason for this command, and the B0 code of the OF
command, is to allow a way of knowing when an 1830-~which is
performing position maintenance~—has achieved the desired closed
loop position, or 1s within a certain distance of the desired
closed=loop position

For example, when performing a closed-loop move, the motor
may not acheive the desired position on the first try. The motor
may overshoot or undershoot. The 1830 will recover that over-
shoot by moving the motor to the desired closed~loop position.

This command, in conjunction with the OF command, gives a
means for determining whether ot not the motor has acheived its
programmed position. Te¢ find out {f the motor 1s positioned to
within one encoder pulse, the deadband should be set to be zervo.
To know only when the motor happens to be within 5 encoder pulses
of the desired position, define the deadband to be 5. 1In this
cagse, whenever the encoder 18 within 5 encoder pulses of the
desired position, the OF command-—~aloang with the 80 code-—would
cause the programmed user defined status bit to indicate active.
1f it were outside of 5 encoder pulses from the desired position,
the same user defined status bit would indicate inactive.

This number has no effect on the position maintenance
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algorithm--the 1830 always attempts to maintain a zero deadband,

VALID-{n-INDEXER-mode
VALID-in=VELOCITY=-5TREAMING-mode
VALID-within-a-SEQUENCE-buffer
VALID—concurrent-with—SEQUENCE—buffer*execution
VALID—concurrent—with-VELOCITY-STREAHING

c8 E define move "X,” define it as a relatlve, trape=
znidal move

0l => 40, move nuaber

XY X = velocity range and ¥ = acceleration range
(see below)

00 -> 7F, most signiFicant byte of the velocity

00 -> FF, second most significant byte

00 -> FF, third most significant byte

00 => FF, least significant byte of the velocity

00 -» 7F, most gignificant byte of the acceleration

00 -> FF, second most significant byte

00 => FF, third most significant byte

Q0 ~> FF, least aignificant byte of the accelervation

0g =-> FF, most significant byte of the relative distance
(pulses)

00 -> FF, gsecond most significant byte

00 => FF, third most significant byte

00 =-> FF, least significant byte of the relative distance

This command will define move "X" as a relative, trape-
zoidal move to be performed by the "perform move number "X
command (40h), The first parameter byte specifies thae move
number, a move number of 00h is 1llegal and will be ignored.
The most signiffcant nibble of the secoad parameter byte denotes
the velocity range of the move and the least sgignificant
aibble denotes the acceleration range. The velocity range
determines the units of the velocity aumber sent, the maximum
velocity acheivable, and the velocity resolution. The accel-
eration range determines the units of the acceleration number
with respect to the velocity aumber’s units. The last twelve
bytes apecify the veloeity, acceleration, and distance (in
pulses); all three aumbers are interpreted In two™s complement
form. The velocity and acceleration numbers must be specified
aa positive numbers. The distance specified 1s a relative
distance! A distance of 80000000h is illegal and may not be
specified, All of the bytes must be present iu order for a
relative move to be deflned. Redefinition of a move is
allowed by reissulng a complete define a move command.

Only one move number "X" may be defined at any time; for
exanple, one can only define one move number 9, whether move
9 {s a relative move, an absclute move, or a coatinuous move
{s of no relevance, there may be culy one move 9.
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There are six velocity ranges defined with three accel-
eration ranges per veloclty range. If one falls to speclfy
a defined range the wmove definition is invalid., The veloclity
and acceleration ranges are as follows.

0 velocity number 1s pulses/second (pps)
maxinum velocity is 546,133.3 Hertz
velocity tesolution 1s 16.667 Hertz

1 velocity number 1s pulses/ten seconds (0.1 pps)
paximum velocity is 54,613.33 Hertz
velocity resolution 1s 1.6667 Hertz

2 veloelty number is pulses/hundred seconds (0.0}

pps)

maximum velocity is 5,461.333 Hertz
velocity resolution is 0.16667 Hertz

3 velocity number is pulses/thousand seconds {0.001

pps)

maximum velocity is 546.1333 Hertz
veloclity resolution is 0.016667 Hertz

4 velocity number is pulses/sixty secouds (ppm)
maximum velocity 1s 9,102.222 Hertz
velocity resolution is 0.27778 Hertz

5 velocity aumber is pulses/second (pps)
maximum velocity is 1,092,266.67 Hertz
velocity resolution is 33.333 Hertz

0 acceleration number is velocity units/second

1 acceleration number is velocity units/ten seconds

2 acceleration number is velocity units/hundred
geconds

A relative, preset move 1s defined to be an excursion
from zero veloecity to a nonzero velocity and back to zero
velocity, The goal of a preset move is to get from the
current position to a new position. Therefore, 1f the Indexer
is performing a preset move it considers the action of
"sarforming a move" L0 be synenymous with the "motor mode—
ving.! Thus, a relative, preset move can only be performed 1f
the motor is not moving. It is a goad idea not to mix continuous
moves with preset moves,

VALID—within-a—SEQUENCE-buffer
YALID-1in~-INDEXER-mode
VALID-concurrent-with-SEQUENCE—buffer—execution

Ch E pDefine move "X," define it as an absolute, trape-
zoidal wmove

01 =-> 40, move number
Xy X = velocity range and Y = acceleration range

{see below)
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00 =-> 7F, wost significant byte of the velocity

o) -» FF, second most significant byte

00 ->» FF, third most significant byte

00 => FF, least significant byte of the veloclity

00 =-> 7F, most significant byte of the acceleration

00 => FF, gsacond most significant byte

00 =-> FF, third most significant byte

Q0 -> FF, least significant byte of the acceleration

00 => FF, most significant byte of the ahsolute position
{pulses)

00 =-> FF, second most significant byte

00 -> FF, third most significant byte

00 ~> FF, least significant byte of the absolute position

This command will define move "¥" a5 an absolute, trape-
zoidal move to be performed by the "perform move number “X™
command (40h). The first parameter byte specifies the move
number, & move nuaber of GOh is fl1legal and will be ignored.
The most significant nibble of the second parameter byte de-—
notes the velocity range of the move and the least signifi-
cant nibble denotes the acceleration range. The velocity
range determines the units of the velocity number sent, the
maximum velocity acheivable, and the velocity resolution. The
acceleration range determines the units of the acceleration
number with respect to the velocity number”s units, The last
twelve bytes apecify the veloclity, acceleration, and distance
(in pulses); all three numbers are intetvpreted in two's

complement form, The velocity and acceleration must be
specified as positive numbers. The distance specified 1s an
abgsolute distance! All of the bytes must be present in order

for an absolute move to be defined., Redefinition of a move is
allowed by reissuing a complete define a move cummand.

Absalute positions can only be defined within the
range C0000001h through 3FFFFFFFh {=3FFFFFFFh through +3FFFFFFFh
or ={2"30)=1 through +(2730)-1). An absolute position specified
outside of this range is Ilnvalid. 1f the motor is situated
outside of this range one must perform a relative distance move
to return to the inside of the range before an absolute move
can be performed.

Only one move number "X" may be defined at aay time: for
example, one can only define one move number 9, whether move 93 is
a relative move, an absolute move, or a continuous move i3 of no
relevance, there may be only one move 9,

There are six velocity ranges defined with three accel-
eration ranges per velocity range. 1f one fails to specify
a defined rtange che moave definition is invalid. The velocily
and acceleration tanged are as follows.
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0 velocity number is pulses/second (pps)
maximum velocity is 546,133.3 Hertz
velocity resolution is 16.667 Hertz

1 vaelocity number 1s pulses/ten seconds (0.1 pps)
maximum velocity is 54,613.33 Hertz
velocity resolution is 1.6667 Hertz

2 velocity number is pulses/hundred seconds (0.01

pps)

maximum velocity 18 5,461.333 Hertz
velocity resolution is 0.16667 Hertz

3 velocity number is pulses/thousand seconds (0.001

pps)

maximum veloecity 18 346.1333 Hercz
velocity resolution is 0.016667 Hertz

4 velocity number is pulses/sixty seconds (ppm)
maximum velocity is 9,102,222 Hertz
velocity resolution is 0.27778 Hertz

5 velocity number is pulses/second (pps)
maximum velocity is 1,092,266.67 Hertz
velocity resolution is 33.333 Hertz

0 acceleration number is velocity units/second

1 acceleration number is velocity units/ten seconds

2 acceleration number is velocity units/hundred
seconds

An absolute, preset move 1s defined to be an excursion
from zero velocity to a nonzero velocity and back to zero
velaocity. The goal of a preset move 1is Lo get from the
current position to a new position, Therefore, 1f the indexer
is performing a preset move it considers the action of
"performing a move” to be synonymous with the '"motor mo-
ving, Thus, an absolute, preset move can only be performed if
the motor is not moving. It is a good idea not to mix continuous
moves with preset moves.

VALID=within~a~SEQUENCE~buffer
VALID-in=INDEXER-mode
VALID-concurtent=with-SEQUENCE-buffer-execution
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CE B define move "X," define it as a continuous, Ekrape—
zoldal move

01 => 40, move number

XY X = velocity range and Y = acceleration range
(see below)

00 -> 7F, most significant byte of the contlinuous velocity

00 -> FF, second most significant byte

00 ~> FF, third most significant byte

00 =-> FF, least significant byte of the continuous
veloelity

60 -> 7F, most significant byre of the acceleratlion

00 -> FF, gecond most significant byte

0Q -> FF, third most significant byte

00 =-> FF, least significant byte of the acceleration

00 or nonzero, direction of the move, 00 = + and nonzero = —

This command will define move "X" as a continuous,
trapezoidal move to be performed by the "perform move number ~™"
command (40h). The first parameter byte specifies the move
number, a move number of OOh is 1llegal and will be ignored. The
most significant nibble of the second parameter byte denotes the
velocity range of the move, the least significant nibble denotes
the acceleration range. The velocity range determines the units
of the velocity number, the maximum acheivable velocity, and the
velocity resolution. The acceleration range determines the units
of the acceleration number with respect to the velocity number’s
unicts. The veloecity and acceleration of the move are interpreted
as two’s complement numbers, only positive numbers are allowed.
The eleventh parameter byte specifies the direction of travel: 0
for travel in the + direction and nonzero for travel in the =~
direction. All of the bytes must be present in order for a con-
tinuous move to be defined. Redefini tion of a move is allowed by
reissuing a complete define a move command.

Only one move number "X" may be defined at any time; for
exanple, one can only define one move number 9, whether move 9 ia
a relative move, an absclute move, Or & continuous move is of no
relevance, there may be only one move 9.

There are seven veloclity ranges defined with three
acceleration ranges per velocity range. If one fails to specify a
defined range the move definition is invalid. The velocity and
scceleration ranges are as follows,

Q veiacity number is pulses/second (pps)
paximum velocity 18 546,133.3 Hertz
velocity resolution is 16.667 Hertz
1 veloeity number is pulses/ten seconds (0.1 pps)
maximum velocity is 54,613.33 Hertz
velocity resolution 1is 1.6667 Hertz
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2 velocity number is pulses/hundred seconds (0.01
pps)
maximum velocity 1s 5,461.333 Hertz
velocity resolation 18 0.16667 Hertz
3 velocity number is pulses/thousand seconds (0.001
pps)
maximum veloclty is 546.1332 Hertz
velocity resolution is 0.016667 Hertz
4 velocity nusber s pulses/sixty seconds (ppm)
maximum veloeity is 9,102.222 Hertz
velocity resolution 1is 0.27778 Hertz
5 velocity number is pulses/second (pps)
maximum velocity is 1,092,266.67 Hertz
velocity resolution is 33.333 Hertz

6 gelects external clock to the rate multiplier.
Velocity range information is identical to
range "0," scaled by a factor = ext. freq/1.09 mHz

0 acceleration number is velocity units/second

1 acceleration number {s velocity units/ten seconds

2 acceleration number is veloeity units/hundred
seconds

A continuous move is defined to be an excursion from one
veloeity to another velocity. The goal of a continuous move 1s to
get from the current velocity to a new velocity. Therefore, 1f
the indexer is performing a continuous move the action of
"serforming a move" is NOT syaonymous with the "motor moving," it
is synonymous with either the act of accelerating or
decelerating. Thus, a continuous move can only be performed 1f
the motor is not accelerating or decelerating AND a preset wmove
{s not being performed. It is a good Ldea not to mix continuous
moves with preset moves.

VALID-within-a-SEQUENCE-buffer
VALID-1in—-INDEXER-mode
VALID-concurrent=with-SEQUENCE~buffer-execution

D4 E define move "X, define it as a relative,
closed=loop move

0l -> FF, move number
XY X = velocity range and Y = acceleration range
{see below)
00 -> 7F, most significant byte of the velocity
00 -> FF, second most significant byte
00 -> FF, third most significant byte
Q0 -> FF, least significant byte of the velocity
oo =>» 7F, most significant byte of the acceleration
o0 -> FF, gsecond most significant byte
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00 -> FF, thied most significant byte

o0 -> FF, least significant byte of the accelerarion

00 =-> FF, most significant byte of the relative distance
(enc. pulses)

00 -> FF, second most significant byte

o0 =->» FF, third most significant byte

00 =-> FF, least significant byte of the relative distance

This command will define move " as a relative, closed-
loop move to be performed by the “perform wmove number “x™
compand (40h). The £irst paramelter byte specifies the move
nunber, a move number of 00h is tllegal and will be ignored. The
most significant nibble of the second parameter byte denotes the
velocity range of the move and the least significant nibble
denotes the acceleration range. The velocity range determines the
units of the velocity number sent, the maximum veloclty
achievable, and the velocity resolution. The acceleration range
determines the units of the acceleration nunber with respect o
the velocity number’s units. The last twelve bytes specify the
velocity, acceleration, and distance (in encoder pulses); all
three numbers are 1interpreted in two"s complement form. The
velocity and acceleration numbers must be specified as positive
aumbers. The distance specified is a celative encoder distance!
The relative distance specified must be in the ramge (relative
encoder distance) * (motor pulse to encoder pulse ratio) =
80000001h through (relative encoder distance) * (motor pulse to
encoder pulse ratio) = 7FFFFFFFh. In other words, the absolute
value of the relative encoder position specified must be less
than or equal to 7FFFFFFFh divided by the motor pulse to encoder
pulse ratio. All of the bytes must be present in ovder for a
relative move to be defined. Redefinition of a move 1is allowed by
refssuing a complete define a move command.

It should be noted that this move nay only be performed
after the motor pulse toc encoder pulse ratio has been defined
(see the BOh command). Without this ratio no moves may be
performed. The distance specified in this move definition is in
units of encoder pulses as seen by the indexer; that 1is, the
distance 1s specified in terms of encoder lines times four {see
the BOh command) not in terms of motor pulses.

Only one move number "X" may be defined at any time; for
example, one can only defing one move number 3, whether move 9 is
a relative move, an absolute wove, Or 4 continucus move is of no
relevance, there may be only one move 9.

There are six velocity ranges defined with  three
acceleration ranges per veloeity range. If one falls to specify a
defined range the move definition is invalid. The velocity and
acceleration ranges are as fal lows.

Cnm,ﬁgt'j’sgg %CFH%O(?{‘ gb%atqwty Instrumenjeti§y B Suaranteed | (888) 88-SOURCE | www.artigéﬁge.copﬁl‘h



APPENDIX A

B - O

1830 Motor Controller

velocity number is pulses/second {(pps)

 maximum velocity 1s 546,133.3 Hertz

velocity resolution is 16.667 Hertz

velocity number is pulses/ten seconds (0.1 pps)
maximum velocity is 54,613.33 Hertz
velocity resolution 1s 1.6667 Hertz

velocity number is pulses/hundred seconds {(0.01 pps)
maximun velocity is 5,461.333 Hertz
velocity resolution is 0.16667 Hertz

velocity number 1s pulses/thousand seconds (0.001 pps)
maximum velocity 1s 546,1333 Hertz
velocity resolution is 0,016667 Hertz

velocity number is pulses/sixty seconds (ppm)
maximum velocity 1is 9,102,222 Hertz
velocity resolution is 0.27778 Hertz

veloeity number is pulses/second (pps)
rmaximum velocity is 1,092,266.67 Hertz
velocity resolution is 33,333 Hercz

acceleration number is velocity units/second
acceleration number is velocity units/ten seconds
acceleration number is velocity units/hundred seconds

A relative, presat move is defined Lo be an excursion from
garo velocity to a nonzero velocity and back to =zero velocity.
The goal of a preset move is to get from the current position to

a nev position.
considers the action of "performing a move" to be

move 1t

Therefore, if the indexer is pevforming a preset

synonymous with the "motor moving." Thus, a relative, preset move
can only be performed if the motor is not moving, It is a good
idea not to mix continuous moves with preset moves.

VALID-within—a-SEQUENCE—-buffer
VALID~1in—INDEXER-~mode
VALID=concutrrent—with~SEQUENCE-buffer—execution
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DS E pefine move "X,"” define it as an absolute,
closed~loopumove

0l => FF, move aumber

XY X = velocity range and Y = acceleration range
{see below)

60 -> 7F, most significant hyte of the velocity

00 -> FF, second most sigaificant byte

00 -> FF, third most significant byte

00 -> FF, least significant byte of the velocity

00 -> 7%, most significant byte of the acceleration

00 => FF, second most significaat byte

00 => FF, third most significant byte

00 => FF, least significant byte of the acceleration

00 => FF, most significant byte of the absolute position
(enc. pulses)

00 -> FF, second most significant byte

00 -> FF, third most significant byte

0Q0 -> FF, least significant byte of the absolute position

This command will define move "X" as an absolute, closed-
loop move to be performed by the "perform move number X
command (40h). The first parameter byte specifies the move
number, a move number of O0h is 1llegal and will be tgnored. The
most significant aibble of the second parameter byte denotes the
velocity range of the move and the least significant nibble
denotes the acceleration range. The valocity range determines the
units of the velocity number seat, the maximum velocity
achievable, and the velocity resolution. The acceleration range
determines the units of the acceleration number with respect to
the velocity number’s units. The last twelve bytes specify the
veloeity, acceleration, aad distance (in encoder pulses); all
three numbers are interpreted in two’s complement form, The
velocity and acceleratlon must be specified as positive aumbetg.
The distance specified is an absolute distance! All of the bytes
must be present 1in order for an absolute move to be defined.
Redefinition of a move is allowed by reissuing a complete define
a move command.

Absolute positions can only be defined such that the
difference between the current absolute encoder pesition and the
desired absolute encoder position meets the relative encoder
distance specificatiocns outlined in the D4h command above. 1In
other words, the Telative encoder distaace to be travelled must
be less than or equal to 7FFFFFFFh divided by the motor pulse to
encoder pulse ratio. An absolute positlon specified outgide of
this range is invalid.

It should be noted that this move may only be performed
aftar the moter pulse to encoder pulse ratio has been defined
(see the BOh command)., Without this ratio no moves may he
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The distance specified in this move definition is in

units of encoder pulses as seen by the indexer; that Is, the
distance 1s specified in terms of encoder lines times four (see
the BOh command) not in terms of motor pulses.

Only  one move number "X" may be defined at any time; €for
example, one can only define one move number 9, whether move 9 1s
a relative move, an absolute move, oOor a continuous move is of no
relevance, there may be only one move 9.

There

are six vaelocity ranges defined with three

acceleration ranges per velocity range. If one fails to specify a
defined range the move definition is invalid. The velocity and
acceleration ranges are as fol lows,

0

Q
1
2

velocity number is pulses/second {(pps)
maximum velocity 1is 546,133.3 Hertz
velocity resolution is 16.667 Hertz

velocity number is pulses/ten seconds (0.1 pps)
maximum velocity is 54,613.33 Hertz
velocity resolution is 1.6667 Hertz

velocity number is pulses/hundred seconds (0.0l pps)
maximum velocity 1s 5,461.333 Hertz
velocity resolution is 0.16667 Hertz

velocity number is pulses/thousand seconds (0.001 pps)
maximum veloclty is 546.1333 Hertz
velocity resolution is 0.016667 Hertz

velocity number is pulses/sixty seconds {ppm)
maximum velocity is 9,102.222 Hertz
velocity resolution is 0.27778 Hertz

velocity number is pulses/second (pps)
maximum velocity is 1,092,266.67 Hertz
velocity resolution is 33,333 Hertz

acceleration number is velocity units/second
acceleration number 1z velocity units/ten seconds
accaleration number is velocity units/hundred seconds

An absolute, preset move 1s defined to be an excursion from
zero velocity to a nonzero velocity and back to zero velocity.

The goa

a new pogition.

1 of a preset move 18 to get from the current position to

Therefore, Lf the indexer is performing a preset

move 1t considers the action of "performing a move” to be

SYynonymous

with the "motor moving." Thus, an absolute, preset
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move can only be performed if the motor is not moving. It 1s a
good idea not to mix continuous moves with preset moves.

VALID-within-a—-SEQUENCE~buffer
VALID-1n-INDEXER-mode
VALID-concarrent-wich—SEQUENCE-buffer-execution

D6 4 Define the start/stop veloclity

00 -> 7F, most signficant byte of the start/stop velocity
00 -> F¥, aecond most algnificant byte

00 => FF, third most significant byte

00 => FF, least significant byte of the start/stop velocity

This command will define the start/stop velocity. The
start/stop velocity 18 a part of all moves performed. If a move
whose velocity is less than the atart/stop velocity is performed
ao acceleration is performed to that velocity, instead the
indexer will jump to the move’s defined velocity. If a move whose
velocity 1s greater than the gtart/stop velocity is performed the
aceceleration to the move’s veloclty is begun at the start/stop
veloeity and deceleration ends at the start/stop velocity. The
start/stop velocity is always specified in units of pulses per
second {pps). After power on or reset the start/stop velocity is
defined as zeroc.

VALID-in-INDEXER-mode
VALID—concurrent—with—SEQUENCE—buffer-execution
VALID—in—VELOCITY-STREAHING—mode
VALID-concurreut-with—VELOCITY—STREAMING

7 1 Delete move "X"

01 => 40, move number

Deletes move number "X' from the library of defined moves
Lf move 'X" has been previoualy defined, Otherwise, this com
mand does nothing.

VALID-within-a-SEQUENCE-buffer
VALID=-{n~INDEXER~made
VALID—concurrent—with-SEQUENCE-buffer—execution

Dy 0 End definition of sequence buffer

Instructs the indexer that the last command to be stored in
the sequence buffer has been transmitted. Commands sent following
this command will be interpreted literally, and pecformed. This
command ends definition of whichever sequence buffer is currently
being defined.
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VALID-1in-INDEXER-mode
D9 1 Begin definition of sequence buffer "x"
01l => OF indicates which sequence buffer is being defined

Instructs the indexer to begin filling the specified
sequence buffer. Every command sent after this command 1s
considered a candidate for the sequence buffer except "end
definition of sequence buffer" and "perform the test switch
function" (commands D8h and FFh). In other words, no commands
are performed after this command has been sent to the indexer,
they are considered for imsertion into a sequence buffer; L1f Chey
are valid sequence buffer commands they are placed into the
sequence buffer, 1if they are not valid sequence buffer commands
they are ignored,

Thue, 0o commands can be performed (except the above
exceptions!) while a sequence buffer is being filled.

There is a limited amount of space allocated for all
sequence buffers {about 1000 decimal bytes). Even though 15
sequance buffers may be defined, tf the available buffer space
becomes filled by some number of sequence buffers less than 15,
you may not define any more sequence buffers until some space is
made by deleting another sequence buffer (command D7), To find
out how much space remains in the seguence buffer refer to
compand E2.

SINGULAR
VALID-1in~=INDEXER~mode

DA 1 Delete sequence buffer "X"
01 => OF indicates which sequence buffer is to be deleted

This command deletes one of the 15 sequence buffers availa-
ble in the 1830. All sequence buffers in the 1830 share a common
memory, 8o if one or more of the sequence buffers ia very large
less than 15 buffers will fit into the memory available,
Deleting a sequence buffer frees memory making it avallable for
use by other sequence buffera. The amount of space remaining in
the sequence buffer common memory may be requested via the E2
command .

SINGULAR
VALID-1in~INDEXER~mode
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EO c Place the following data ianto the velocity-
distance buffer

00 -> FF, most significant byte of velocity A

00 -> FF, least significant byte of velocity A

00 -> FF, most sigaificant byte of relative distance A

00 -> FF, least significant byte of relative distance A
00 => FF, most significant byte of velocity B

00 -> FF, least significant byte of velocity B

00 -> FF, most significant byte of velative distance B

00 -y FF, least significant byte of relative distancs B
00 => FF, most significant byte of velocity c

00 => FF, least significant byte of velocity C

00 -> FF, most significant byte of relative distance C

00 -> FF, least significant byte of relative distance C

The data will be loaded into the velocity-distance stream=
ing buffer if the 1830 1is in the velocity-distance streaming
mode, otherwise the command is ignored. The parameter bytes are
three velocity-distance palrs. All three pairs must be supplied
i1f the command Ls to be executed. The velocity number 1s a
fifteen byte number; the most significant bit 1is the sign bit, 1
= CCW motion and O = CW motion. The velocity number, V, has an
unsigned range of 0000h through 7FFFh., The following formula can
be used to determine what the velocity number means in units of
the "effective clock frequency.”

velocity = effective clock frequency * (Vv / 65,536)

The "efFective clock frequency" is determined when velocity-
distance streaming mode 1s entered (see command 5ih}. The
relative distance is 1in units of pulses. When supplyilng
velocity~distance palrs one must be sure that the distance 1is
such that 1t will take a minimum of two milliseconds to cover
at 1cs assoclated veloclty. In other words, one should be
sure the followling equation 1is satisfied, or an incorrect
profile can result.

(relative distance) / (veloeity) >= 0.002 seconds

If a distance of zero is supplied the velocity-distance
pair is ignored; 1f a velocity of zero is specified the distance
{s irrelevant {and may be zero), but must be supplied!

One cannot £111 tha velocity streaming buffer with more
bytes than it will hold! To determine how maay bytes are
available in the velocity streaming buffer use the E2h command
below, the E2h command will report the number of avallable bytes
{n the velocity streaming buffer. There must be at least fifteen
free bytes Ln the velocity streaming buffer to use this command,
i{f there are fourteen or fewer tha data supplied with this
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command will be lost, {t will not be placed into the veloclty
streaming buffer.

VALID-1in=-VELOCITY-STREAMING-mode
VALID-concurrent—with-VELOCITY=STREAMING

El E Place the following data into the velocity-time
buffer

00 -> FF, most significant byte of velocity number A
00 -> FF, least significant byte of velocity number A
00 -> FF, most significant byte of velocity number B
00 -> FF, least significant byte of velocity number B
00 -> FF, most significant byte of velocity number C
00 -> FF, least significant byte of velocity number C
00 -» FF, most significant byte of velocity number D
00 -> FF, least significant byte of velocity number D
00 -> FF, most significant byte of velocity number E
00 -> FF, least significant byte of velocity number E
00 -> FF, most significant byte of yelocity number F
00 => FF, least significant byte of velocity number F
00 -> FF, moat significant byte of veloeity number G
00 -> FF, least significant byte of velocity number G

The data will be loaded into the velocity—time streaming
buffer if the 1830 is in velocity-time streaming mode. Otherwise,
the command is fgnored. As is apparent, one must load seven
velocity values at a time into the velocity~time streaming
buffer. (The time is not loaded since the indexer automatically
updates the velocity at a prespecified rate.) If one is finishing
a move and does not have a full seven velocities to place into
the buffer the excess velocity values should be equal to the
final veloclty value. For example, i1f one was performing a
velocity streaming move to a velocity of 1000h and the sequence
of velocities one desired to send to the indexer was 100h, 200h,
300h, 400k, 500R, 600h, 700h, 800h, 900h, and 1000h, the
following commands would be sent to the 1830 to fill the
velocity-streaming buffer:

£1,01,00,02,00,03,00,04,00,05,00,06,00
£1,07,00,08,00,09,00,10,00,10,00,10,00

Every time this coumand 1s used seven velocity numbers must be
gupplied. 1f one was to send either of the following commands in
place of the secound command above the motor would not end up at
1000h. In the flrst case the 1830 would ignore the command
entirely so the motor would remain at a valocity of 900h. In the
second case the 1830 would go to 1000h and then go directly to
zero on the next update.

E1,07,00,08,00,09,00,10,00
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EI,07,00.08,00,09,00,10,00,00,00,00,00

The velocity uumbers have the same meaning as they do for
the above commaad (EOh), The velocity number 1g a fifteen byte
unsigned number; the most significant bit is the sign bit, 1=CCW
motion and O=CW motion. The velocity number, V, has an unsigned
range of 0000h through 7FFFh. The following formula can be used
to detetmine what the velocity number means in units of the
“affective clock frequency.”

velocity = effective clock frequency * (V / 65,536}

The "effective clock frequency” is determined when velocity-time
_streaming mode 1s enterted (see command 52h).

One cannot Eill the velocity gstreaming buffer with more
bytes than it will hold! Toe determine how many bytes are
available in the velocity atreaming buffer use the E2h command
below, the E2h command will report the number of available
bytes in the velocity streaming buffer. There must be at least
fifteen free bytes in the velocity streaming buffer to use this
command, 1f there are fourteen or fewar the data supplied with
this command will be lost, it will not be placed into the
velocity streaming buffer,

VALID=1n~VELOCITY-STREAMING~node
VALID-concurrent-with=VELOCITY-STREAMING

E2 0 Request # of free bytes in velocity~streaming/se~
quence buffer

This command reports back to the host the number of bytes
available in the sequence buffer {f the 1830 indexer is in
indexer mode {(see 50h command) and the number of bytes available
in the velocity streaming buffer Lf the 1830 indexer is in velo-
city streaming mode (see commands 5lh and $2h). Five bytes are
returned to the host, this command followed by the number of free
bytes. The number of free bytes returned 1s a four byte number.
The following illustrates the response one would receive from
this command.

E2 identifies the command the response 1s
intended for

00 MS byte of the number of free bytes,
always zero

00 gsecond M5 byte, always zero

00 -> FF third MS byte

00 =-> FF LS byte of the number of free bytes

VALID=in~-INDEXER-mode
VALID-concurrent—with-SEQUENCE-buffer-execution
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VALID=-1in=VELOCITY-STREAMING-mode
V&LID—concurrent-wi:h-VELOCITY—STREAMING

EE 5 Define command to be executed during the velocity
streaming buffer. (or Define bogus velocity
streaming value)

00 => FF the most significant byte of special velocity
00 => FF the least significant byte of speclal velocity
00 -> FF command to be executed

00 =-» FF first parameter byte of command to be executed
00 -> FF second parameter byte of command to be executed

This command defines s command which will be executed upon
the indexer finding a special, or bogus, velocity value when
executing the velocity streaming buffer. The speclal veloclity
values can be any number except zeroc. The commands which can be
executed upon reaching a special velocity value in a velocity
streaming buffer must he VALID-in-VELOCITY~STREAMING-mode and
they must be VALID-concurrant~with=VELOCITY-STREAMING, In addi-
tion, they are limited to 1, 2 and 3 byte commandg--that is,
commands which have 0, 1, or 2 parameter bytes. The null command
(00 hex) 1s a special command for the EE function and 1s used to
delete a velocity marker, or undefine a velocity marker.

The way this command is used is to say, for instance, 7F FF
would be defined as a special velocity. One might define it to
get a programmable output bit. 5o the command sequence sent Eo
accomplish this would be EE 7F FF 0B Ol 00, That sequence would
accomplish setting programmable output bit 1 whenever 7F FF is
found in the velocity streaming buffer. Notlce that the third
parameter byte is used even though the 0B command does aot
require it, the EE command requires all five parameter bytes to
be filled whether they are used or not.

Ten special velocity markers may be defined, so you might
have a corresponding special velocity value of 7F FE that would
be set up to clear programmable output bit one whenever a
velocity value of 7F FF is encountered. This way you can mark
points within the buffer, If two or more special velocity markers
are encountered in the buffer {n a row, only the last one will be
executed, In other words, one cannot have consecutive gpecial
veloclty values, Enough time must be allowed for the command
associated with a special velocity to be executed before another
special velocity marker 1s be encountered. If, for instance, you
have a special velocity marker in the buffer, a real velocity,
then another special velocity marker in the buffer, the Becond
special velocity marker would not be executed i{f the command
assoclated with the first special velocity marker was still in
the process of being executed, Therefore, one should allow
enough time for commands assocfated with special velocity markers
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to be executed.

Generally, most of the commands asgsoclated with special
velocity markers take approximately two to four milliseconds to
execute. So, 1f you assure that there will be about a four
millisecand time frame bhetween special velocity markers in a
buffer, there should be no problem. If you find that a command
assoclated with a special velocity marker iz not belng executed,
1t may be due to its being too clogse to another special velocity
marker,

If you wish to uadefine a special velocity as a marker, you
would send, as the paramester bytes, the speclal velocity value
and three zeros, i.e,, the null command referred to above. The
null command will erase that special velocity marker from the
table.

VﬁLID—in*VELOCITY—STREAMIHG-mode
VALID-concurrent-wi:h—VELOCITY-STREAHING

o 0 Request software port number and revisioa

This command enables the user to determine the port number
and revision letter or the software in the 1830 Indexer, without
removing the Indexer from the host. The information {s returned
in a twelve or thirteen character string, with aach byte being
one ASCII character, The following message would be received
from thias command:

FD {dentifies command for which the response is
intendad
39 ASCII character "9"
34 ASCII character "4"
2D ASCII charvacter "="
XKoo o XX Six ASCII characters representing the port numbar
2D ASCII charvacter "-"
*X,XX two ASCIL characters representing revisiom aumber
XX ASCLII character representing revision letter
{X5) ASCII character representing revision letter

modifier. This character will only be present on
indexers containing temporary, or intermediate,
software.

VALID=1in-INDEXER-moile
VALID—concurrent—with-SEQUENCE-buffer-execution
VALID-{n=-VELOCITF-STREAMING~mode
VALID-cuncutrent—with—VELOCITY-STREAMING
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FF 0 Perfora the test switch function

This command 1s supplied primarily as a debugging tool, If
a standard Compumotor (25,000 pulses per revolution) is properly
attached to the 1330 indexer and has power applied this command
will result in performance of the test switeh function, The test
switch is a small mechanical switch on the edge of the board,
when the switch 1s pushed a standard Compumotor {25,000 pulses
per revolution) will turn one complete revolution in the CCW
direction and one complete revolution in the CW direction. The
pulse frequency during each of the above moves is 5000 Hertz,
which results in a 0.2 rps move for a standard Compumotor.
Following thls move the "board monitor alarm"” will be "set
of £, which results in the gmall LED on the edge of the board
lighting up. After the test switch function has been
exercised the board MUST be reset, either by a bus reset, cycling
the power, or by getting the reset bit 1in the 1830°s CONTROL
BYTE.

VALID-in-INDEXER-mode

VALID—concurrent-with—SEQUENCE—buffer—execution

VALID—in-VELOCITY"STREAﬂING—mode

VALID-concurrent*uith—VELDCITY-STREAMING
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power on or reset the user defined status bits are set to zero.

VALID-1in~-INDEXER-mode
VALID-1n-VELOCITY~STREAMING-mode
VALID=within-a—SEQUENCE-buffer
VﬂLID-concurrent-with—SEQUENCE-buffer—execution
VALID-concurrent-with-VELOCITY-STREAMING

09 1 Sat user defined status bit number 'y
00 -> 02, user defined status bit number b &)

Set the specified user defined atatus bit. The difference
between this command and the above command (08h) 1is this com—
mand acts ou a specific bit without affecting the other two
user defined status bits in the STATUS BYTE, while the above
command (08h) acts on all three user defined status birs at
ance, The parameter byte indicatesa which user defined status
bir is to be wset. The three user defined status bits are
labeled 0, 1, and 2; therefore, the parameter byte may be a Qoh,
a Olh, or a 02h, Any other parameter byte is considered incor-
rect and the command will be 1gnored. After power oum or reset
the user defined etatus bits are set Lo zera,

VALID-within—-a-SEQUENCE-buffer

VALID-1in-INDEXER-mode
VALID—concurrent-with—SEQUENCE-buffer-execution
VELOCITY STREAMING MODE VALID

VALID WHILE PERFORMING THE VELOCITY STREAMING BUFFER

0A 1 Clear user defined status bit number "
00 => 02, user defined status bit nusber "X"

Clear the specified user defined status bik. The dif-
ference between this command and the above command (08h) is
this command acta on a specific bit without affecting the
other two user defined status bits in the STATUS BYTE, while
the above command (08h) acts om all three user defined status
bita at once. The parameter byte ilndicates which uger defined
status bit i3 te be cleared. The three user defined status
bits are labeled O, 1, and 2; rtherefore, the parameter
byte may be a 00h, a Olh, or a 02h. Any other parameter byte
{s considered incorrect and the command will be 1ignored. After
power on or resat the user defined status bits are set Lo Zero.

VALID-within-a-SEQUENCE-buffer
VALID=-1{n-INDEXER=~mode
VALID-concurrent-with—SEQUENCE—buffet—execution
VALID-1n-VELOCITY~STREAMING-mcde
VALID—concurrent-with—VELOCITY-STREAMING

Compumotor Corporation 1/15/85 Page 70
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



APPENDIX A 1830 Motor Controller

0B 1 Set programmable cutput bit mumber "X"

01 or 02, programmable output bit number b &

Set the specified programmable output  bit. The
parameter byte indicates which programmable output bit is to be
set. The two programmable output bits are labeled 1 and 2;

therefore, the parameter byte may be a Oth or a 02h. Any other
parameter byte 1s considered 1incorrect and the command 1is
ignored. After power on or reset the programmable output bits

are cleared.

VALID-within—a—~SEQUENCE-buf fer
VALID-in—-1INDEXER-mode
VALID-concurrent—with=~SEQUENCE-buffer-execution
VALID=in=-VELOCITY-STREAMING=mode
VALID=concurreant—with-VELOCITY-STREAMING

oc 1 Clear programsable output bit number "X
01 or 02, programmable output bit number "X"

Clear the specified programmable output  bit. The
parameter byte indicates which programmable output birt 1is
to be cleared. The two programmable output bits are labelled |1
and 23 therefore, the parameter byte may be a 0lh or a OZh.
Any other parameter byte is considered incorrect and the command
will be 1ignored, After power on or reset the programmable
output bits are cleared.

VALID-within-a~SEQUENCE-buf fer
VALID-1n-INDEXER~mode
VALID-concurrent-with-SEQUENCE-buffer-execution
VALID-1in=VELOCITY-STREAMING-mode
VALID-concurrent-with-V;LOCITY-STREAMING

oD 1 Write "I" to the programmable output bits

0G, 02, 04 or 06
Bit 1 corresponds to programmable output bir l.
Bit 2 corresponds to programmable output bit 2.
All other bits of the parameter byte are undefined

and are ignored.

When bit 1 or bit 2 is set, the corresponding programmable
output bit will be set; when bit 1 or bit 2 1is eleared, the
corresponding programmable output bit will be cleared. This
command allows changing the stata of the programmable output bits
simultaneously, using a single command.
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There 1is no "don”t care" state assoclated with either of
the bitsa: using thie command affects the state of both program
mable output bits, If you wish to write te only one of the
programmable output bits aud not affect the state of the other
programmable output bit use the OB and 0C c¢ommands which will set
and clear the programmable output bits individually.

VALID~in=-INDEXER=mode
VALID=-1n-VELOCITY~STREAMING-mode
VALID-within-a—~SEQUENCE-buffer
VALID~concurrent-with-SEQUENCE~buffer-execution
VALID~concurrent=with=VELOCITY-STREAMING

OF 3 Define bit "X" to indicate state "Y"

00 -> 04 indicates which bit will be wused to indicate
the desired state. Values greater than 4 are uot
allowed and will cause the command to be ignored.

Parameter byte values are defined as follows,
00 corresponds to user definable bit O,
01 corresponds to user definable bit 1,
02 corresponds to user definable bit 2,
03 corresponds to programmable output bit 1,
04 corresponds to programmable output bit 2.

00 => FF {ndicates which indexer state will be displayed by
the chosen definable bit {chosen by parameter byte
1 above). The code numbers indicating the desired
indexer state are,

00 indicates the oull code,

0l indicates the moving state,

02 indicates the performing—a—-singular—-command
state,

03 indicates the performing-the sequence-
buffer state,

04 indicates performing-the-velocity-streaming-
buffer state,

05 indicates the accelerating state,

06 indicates the decelerating state, and

07 indicates the non—zero constant velocity state.

80 indicates the motor is within the user-defin-
able closed=loop deadband,

81 indicates the state of the Inputs, active 1f
the 1inputs would cause a jog move under the
curreat jog iaput definition.

Codes between 00 and 7F are very accurate state
indicators. Code numbers between 80 and FF are less
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accurate state indicators.

gero or NoN—-zZero
indicates the active level of the bit. Non—zero
means active high, 00 means active low.

This command 1s used to indicate that a given state is
occurring within the 1830 Indexer. For instance, Yyou can
{adicate the state of moving/not—moving through user-definable
bit number one by sending the command sequence OF 01 01 FF. This
gequence means: "When the motor is moving, set user-definable
bit number one, and when the motor is not moving, clear user—
definable bit number one," More than one programmable bit may
i{ndicate the same state at any time, e.g., JYou could have the
indexer display the state of the JOG inputs by both a program
mable output bit and a user~definable bit.

It is expected that the OF command will be sent once only
during initialization, It is an extrenmely powerful command, It
can be used in place of requesting Information and reading the
regponse to a request, For instance, the 8C command is commouly
used to determine whether the motor i{s moving or not. Using the
8C command involves walting for the input buffer Eto be ready to
recelve a command, sending the 8C command, indicating the conmand
has been sent, waiting for the message to return, reading the
message, and indicating that you have read the wmessage. There
are quite a few ateps involved here and they usually take about 5+
milliseconds to accomplish.

Using the OF command, you can simply read the status byte,
look at the previously defined bit, and know at that instant
whether or not the motor is moviug. In essence, 1t gives you a
wuch more accurate view of the state of the machine. It also
{nvolves a much simpler and faster process for determining cthat
atate.

There is a way to "undo" previously programmed codes. You
can do this by using the null code, For instance, 1if user bit 0
is being used to indicate the moving/not moving state, and you
later want it not to Iindlcate any state, i.e,, remaln constant,
send a OF 00 00 0C.

This sequence says, "define user bit 0 to indicate the null
code gtate, and leave the bit in its previous state.” The last
parameter byte has no effect. The first parameter byte indicates
which bit to be defined, in this case, user definable bit O, The
second parameter byte, 00, means we wish to delete that bity from
indicating any state. It is oot expected that the aull code will
be usad very often,

VALID=in=-INDEXER-mode
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VALID-1n~VELOCITY-STREAMING-mode
YALID-within-a-SEQUENCE-buffer
VALID—concurrent—with—SEQUENCE-buffer-execution
VALID—concurrent—with-VELOCITY-STREAMING

10 1 Disable/Enable JOG Inputs
00 or nonzero, 00O=disable, nonzero=enable

Disahles otr enables the jog functioas according to the
paraweter bytes passed. A nouzero parameter byte will cause the
1830 to poll the jog inpuls and respond according to the jog
input definitions. A zero parameter byte will cause the 1830 to
ignore the jog inputs. This command can be used to prevent the
jog inputs from interrupting or pre-empting move comsands 1ssued
by the host, On power—up or after reset, the jog lnputs are
enabled.

VALID-in-INDEXER-mode
VALID-1n~VELOCITY=STREAMING-mode
YALID=-within~a—SEQUENCE-buffer
VALID-concurtent-with—SEQUEHCE—buffar-execution
VALID—concurrent—with—VELOCITY-STREAHING

11 1 Define JOG Input Functious

00 or non-zero, the definitlion aumber desired.

The JOG inputs may be defined Co have two sets of meaning.
Under the "00" definition, the following table describes the move
atarted when the inputs go to the state 1isted {1=high).

JOGLG JOGPOS JOGNEG MOVE #
1 1 1 N/A
1 1 Q 3DH
1 0 1 3ER
1 0 0 N/A
0 1 1 N/A
0 1 0 3FH
Q G 1 40H
0 0 0 N/A

When this command is issued with A "hon~zerg”" parameter
byte the JOGPOS and JOGNEG inputs take the new labels of JOG and
JOGDIR, respactively. The following table shows the move gstarted
when the inputs go to the state liated (l=high, O=low).
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JOoG(JOGPOS)  JOGLO JOGDIR(JOGNEG) MOVE #

1 X X —_—
0 1 1 anH
0 1 0 3Ed
0 0 1 3FH
0 0 0 40H

The 00" definition is the power—up default. Both of the above
sets of labels for these inputs assume that the moves are con=
tinuous moves and have the characteristics described below. In
practice, any move definition may be given for thes moves.

MOVE # ATTRIBUTE
3DH Normal speed, negative direction
3EH Normal speed, positive direction
3IFd Low speed, negative direction
40H Low apeed, positive direction

VALID-1in-INDEXER-mode
VALID=4n-VELOCITY=-STREAMING-node
VALID=-within=a=-SEQUENCE~buffer
VALID-concurrent=-with~SEQUENCE-buffer-executlion
VALID=concurrent=-with-VELOCITY-STREAMING

12 1 Ture off/on remote power shutdowm
00 or nonzero, 00 = "off" and nonzero = “on"
Turne on or off the remote power shutdown to the motor/dri-
ver according to the parameter byte passed. (Remote power

shutdown is a feature of Compumotor microstep drives,
enabling remote power shutdown turns off current to the motor”s

windings and removes the wotor”s holding torque.) A nonzero
parameter byte will turn on remote power shutdown and a 00 para-
meter byte will turn off remote power shutdown. There are

two means by which one may activate remokLe power gshutdown:
the auxiliary "remote shutdown in" bit, and this command. If
the "remote shutdown 4in" bit on the auxiliary coonecter ia
enabled £t will have priority; thia command (12h} has lowest
priority. This command will not be performed if the remote
ghutdown in bit 1s enabled, or if the wmotor is moving. Aftert
remote power shutdown is turned on no moves may be performed
until rtemote power shutdown is turned off. After power on or
reset the remote power shutdown 1s off.

VALID~within-a=SEQUENCE-buffer
VALID=-in=-INDEXER-wode
VALID=1n=VELOCITY-STREAMING-mode
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13 1 Disable/enable the "remote shutdowm in™ bit
00 or nonzero, Q0 = disable and nonzero = enable

The “remote shutdown in" bit {s an input on the auxiliary
connector of the 1810/11 indexer, {re function is to cause
shutdown of the motor. (Remote power shutdown is a feature of
Compumotor microstep drives, enabling remote power  shutdown
turns off current to the motor”s windings and remaves the
motor“s holding torque.) A unonzero parameter byte will enable
the "remote shutdown 1n" bit and a 00 will disable the "renote
ghutdown in" bit on the auxiliary coanector. There are two
means by which one may activate remote power shutdown: the
auxiliary 'remote shutdown 1n" bic, and the previous command
(12h). If the "remote shutdown in" bit on the auxiliary con=
necter 1is enabled, via this command, it will have priority;
the previous command (12h) has lowest priovity. After renote
power shutdown 15 turned on no moves may be performed nor may
the Joystick be enabled until remote power shutdown 18 turned
off. After power on or reset this input bit 1s disabled.

YALID-within-a=-SEQUENCE-buffer
VALID=in=-INDEXER-mode
VALID-in=VELOCITY-STREAMING=mode

14 1 Set CW wmotion equal to +/=
00 or nonzero, 00 means CW = + and nonzero means CCW = +

Set the sense of CW motion equivalent to & + directlion oT a
- direction according to the parameter byte. A 00 will set CW
motion aquivalent to a + sign and a nonzero parameter byte will
get CCW motion equivalent to a + sign. After powar ou or Teset
CW wmotion 1is egquivalent to a + sign. This command is 1gnored
if the motor is moving. Changing the direction definition
does not change the direction definitlon of aay moves that heve
been defined. For example, 4if move number one 13 a + move and
CW wmotion 1is equivalent to the + direction parforming move
number one will cause the motor to travel in the CW direction,
1f the direction definition 1is changed so that CCW motlon is
equivalent to the + direction performing move number ome will
now cause the motor to travel in the CCW direction. After the
divection redefinition move number one is still a +  move.
Positions are always reported as either + or =, not as CW or

CCW,

VALID=within—-a~SEQUENCE-buffer
VALID=1in—=INDEXER=-mode
VALID-concurrent=with-SEQUENCE-buf fer~execution

VALID-in=VELOCITY—-STREAMING-mode
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18 1 Turn off/on post-move position maintenance
00 or nonzero, 00 = "off" and nonzero = "on"

Turns on or off the post-move position malntemance function
according to the parameter byte passed. A nonzero parameter byte
turns post-move position maintenance on and a DO parameter byte
will turn the post-move position maintenance feature off, After
power up or reset this function is off.

Position maintenance is the primary ¢losed—loop functiou,
When position maintenance 1is aenabled, and the indexer 1s not
performing a move, the indexer attempts to maintaln the "desired
encoder position.” After power up or reset the desired encodet
position 1is that position the encoder was at when power up oOrF
reget occured (and 1is defined as zero). From then on the desired
encoder position 1s determined by the sum of closed=loop moves
that have occured, or, if this function ig turned off, the
encoder position the motor was at after completion of the most
recent open-loop move. For example, if, following reset or
zeroing of the absolute position (see the 30h command}, one
performed a closed-loop move of distance +30 relative encoder
pulses and a second closed=-loop move of distance -10 relative
encoder pulses the desired encoder position would be the absolute
encoder position +20. If one performed an absolute closed-loop
move to absolute positicn +55 the desired closed=loop position
after the move was coupleted would be the absoclute encoder
position +35. Now, {f one was to turn the position maintenance
function off, perform an open-loop move, and then turn the
position maintenance function back on, the desired encoder
position would be that position the encoder was at when the open-
loop move was completed.

It should be noted that an opea-loop incremental or
absolute move cannot be performed when the position maintenance
function 1is turned on. Therefore, 1in order to perform an open—
loop move (this excludes the open-loop go HOME move and
continuous moves) one must first turn the position malintenance
function off and then perform the open—loop mOovVe.

VALID-within-a-SEQUENCE-buffer
VALID—1n-INDEXER-node
VALID-in-VELDCITY-STREAMING“dee
VALID—concurrent—with—VELOCITY*STREAMING
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19 1 frn offfon move termination ou stall detect
00 or nonzero, 00 = "off" and nonzero = "an"

Turns on or off the move termination on stall detect
function accotding to the parameter byte passed. A nonzera
parameter byte turns move termination on and a 00 parameter byte
will turn the move termination feature off., After power up oOT
reset this function is off.

After the motor to encoder resolution, the motor
resolution, the backlash sigma, and the number of rotor teeth
have been defined the indexer will watch for stall detect on ALL
moves (open—loop and closed-loop). If this function is on when a
stall is realized the motor velocity will be zeroed, which
results in prematurely ending the current move., If the position
maintenance function was turned on when the stall 1is realized
(see command 18h) the encoder position at the time of the atall
becomes the new desired encoder position. If this function is
turned off when a stall occurs the motor will continue to stall,
until the move has completed or is atopped by the host!

VALID-within-a—SEQUENCE-buffer
VALID=-in-INDEXER-mode
VALID—concurrent-with—SEQUENCE-buffer—execution
VALID=-1n—VELOCITY=-STREAMING-mode
VALID—concurrent—with—VELOCITY—STREAMING

20 3 Eepeat the following "X" commands " times

01 -> FF, number of commands to be repeated
00 -> FF, most significant byte of number of times to loop
00 => FF, least significant byte of number of times to loop

This command can be used only in a sequence buffer, it has
no meaning anywhere elsa, 13 purpose is to create a loop in
which a 1list of commands is repeated up to 65,535 times. A
maximum of 255 commands may be within the lLoop. There is no
nesting of loops, thus oune cannot place this command within
itself, 1f one does so the inner loop command is ignored. The
firat parameter byte specifies the number of commands following
this command to be repeated., The second and third parameter
bytes specify the number of times the loop 1s to be performed.
1f zero 1s specified for either "y" or "Y' the command 1=

ignored.

SINGULAR
VALID-within—a~SEQUENCE-buffer
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21 1 Repeat the following "X" commands until a CONTINUE
is recelved

01 => FF, number of commands to be repeated

This command can be used only in a sequence buffer, 1t
has no meaning anywhere else, Its purpose is to create a loop
that is repeated until the host computer issues a CONTINUE
command (48h). Upon recelpt of a CONTINUE command Lthe current
loop iteration will be completed and the next command in the
sequence buffer following the loop 15 performed. Up to 2535
commands may be placed in the loop. Loops may not be nested,
1f one does attempt to nest the imner loop command will be
ignored.

SINGULAR
VALID=-within—a—SEQUENCE-buffer

28 1 Wait for a CONTINUE

00 or nonzero, 00 ~ do not interrupt the host and
nonzero = interrupt the host '

This command 1is only defined within a sequence buffer.
It has no meaning outside of a sequence buffer. It causes
the indexer to suspend processing of the sequence buffer
until a CONTINUE command is issued by the host computer. Other
commands may be Iissued and performed before the CONTINUE command
is issued by the host, but no commands within the sequence buffer
will be performed until a CONTINUE command 1s issued. 1f the
parameter byte 1is nonzero thia command will send a message to
the host to indicate that this command has been encountered,
If the "message ready interrupt” is enabled an interrupt will be
generated ou the host”s bus. The message one will receive in
the OUTPUT DATA BUFFER will be this commaund (28h) followed by
fifteen zaroes.

SINGULAR
VALID=-within=-a-SEQUENCE~buffer

29 & Wait "Y" milliseconds

00 -> FF, most significant byte of milliseconds
00 -> FF, second most significant byte

00 -> FF, third most significant byte

00 -> FF, least significant byte of milliseconds

Thia command 1s defined only within a sequence buffer,
it has no meaning outside of a sequence buffer. 1t causes the
indexer to perform a time delay before performing the next
command in the sequence buffer. The first parameter byte 1s
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the most significant byte of the time delay and the last para-
meter byte 1s the least significant byte of the time delay. A
time delay of zeto i{s invalid and will be ignored. The time
delay number one must gsupply whith this command is interpreted
as an absolute number, not as a signed number! As 1is
apparent, one can perform time delays of 1 to (2-32)-1
milliseconds {approximately 50 days!).

SINGULAR
VALID—within-a-5EQUENCE~buffer

2A 2 Wait "X" seconds

00 -> FF, most significant byte of seconds
00 => FF, least significant byte of seconds

Thia command is defined only within a sequence buffer,
it has no meaning outside of a sequence buffer. 1t causes the
indexetr to perform a time delay before performing the next
command Ln the sequence buffer. The first parameter byte 1is
the moat significant byte of the time delay aad the last para-
meter byte {8 the least significant byte of the time delay. A
time delay of zero is invalid and will be ignored. The time
delay numbaer one must supply whith this command 1s intevpreted
as an absolute number, not as a signed number! As 1s
apparent, one can perform time delays of I to 65,535 seconds
(approximately 18 hours).

SINGULAR
VALID-within—-a-SEQUENCE-buffer

2B 2 Wait "X" ainutes

00 => FF, most significant byte of minutes
00 => FF, least significant byte of minutes

This command 1is defined only within a sequence buffer,
{t has no meaning outside of a sequence buffer. 1t causes the
indexer to perform a time delay before performing the next
command in the sequence buffer. The first parameter byte 13
the most significant byte of the time delay and the last para-
meter byte 18 the least significant byte of the time delay. A
time delay of zero is 1avalid and will be ignored. The time
delay number one must supply whith this coumand {8 interprated
as an absolute number, not as a signed aumber! As 1s
apparent, one can perform time delays of 1 to 65,535 minutes
(approximately 45 days).

SINGULAR
VALID=-within-a-SEQUENCE=buffer
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2C 2 Wait for TRIGGER "XI" to go active

0t -> 06, the trigger bit the indexer is waiting for
00 or aonzero, the active state of the trigger bit (don"t care
i1f first parameter byte is either 01 or 06)

This command 18 defined only within a sequence buffer,
it has no meaning outside of a sequence buffer, This
command is very similar in function to the Ygait for a CONTI-
NUE" command {28h), When this command 1is encountered 1ia a
sequence buffer 1t will cause suspension of the sequence
buffer until the desired conditiom is met {the specified TRIGGER
bit becomes active). The TRIGGER bits are 1nputs on the
1830 Indexer’s auxlliary connector. If a2 TRIGGER bit is
specified outside of the given range the command will be ig-
nored. The active state of the trigger bit is specified in the
second parameter byte: 00 means the TRIGGER bit 1s active at O
volts {TTL low) and nonzero means it is active at +5 volts (TTL
high).

SINGULAR '
VALID=within-a-SEQUENCE-buffer
2E 4 Define the absolute open—loop postion as "XI"
00 -> FF, most significant byte of the absclute
open—~loop position
00 => FF, second most significant byte
00 => FF, third most significant byte
00 -> FF, least significant byte of the absolute open-loop
position

This command allows re-definition of the current absolute
position. It gives the ability to define the absolute position
to be some number other than 1its c¢urrent value,

1f, for example, the best place for absolute positlon zero
happens to be where a cutoff saw does its business (not a good
place for a honme sensor), a home sensor can be place some known
distance from the saw. Then when it becomes necessary to re-
verify the motor”s absolute position, the indexer can move the
motor so that it finds the sensor, aud the absolute position is
get to the known offset of the sensor.

The command”s four parameter bytes indicate the absolute
opan loop position "X" to be defined. This command allows defi-
aition of the curreat static poaition as "X". It may not be
performed while the motor is moving, The number supplied by the
four parameter bytes is a signed two"s complement number. It has
a range of 80 00 00 00 through 7F FF FF FF.
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VALID-within-a—-SEQUENCE=-buffer
VALID=1in~INDEXER-mode
VALID-1in-VELOCITY~-STREAMING~mode

2F 4 Define absolute closed—loop position
00 ~> FF, nost significant byte of the absolute
closed—loop position
00 => FF, gecond most significant byte
00 =-> FF, third most significant byte
00 -> FF, least significant byte of the relative of the

absolute closed=loop position

This command is used to define the current position as
the absolute closed-loop position X, where X is specified with
the parameter bytes. X Must be within the absolute clased=loop
positioning range of the indexer,

VALID~within-a-SEQUENCE~buffer
YALID—iu—INDEXER*mode
VALID-1in~VELOCITY=-STREAMING-mode

30 0 Define preseat position as the absolute zero
position

This command causes the current position af the motor to
be assigned the absolute zero position. The absolute zero
position is the referance point for absolute moves. After
power up or reset absolute zero is defined to be that position
the motor Ls at when the power up or reset occured. The
absolute zero position and the position of the HOME limit
switch are two independent locations and only colacide 1f
the user wishes them to by performing a “go to the HOME
jimit switch" command (39h) followed by this command, "define
the present position as the absolute zero position.” This
commaend 1s ignored if the motor is moving.

VALID~1in-INDEXER~mocde
VALID-concurrent=with-SEQUENCE-buf fer—execution
VALID-iu—VELOCITY-STREAHING—mode
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i1 A Define default velocity & default acceleration
XX don”t care
XY X = velocity range and Y = acceleration range (see
below)

00 -» 7F, most significant byte of the default velocity

00 -> FF, second most significant byte

00 «> FF, third most significant byte

00 -> FF, least significant byte of the default velocity

00 => 7F, most significant byte of the default acceleration
00 => FF, second most significant byte

00 -> FF, third most significant byte

00 => FF, least significant byte of the default acceleration

This command defines a default velocity and acceleration
to be used by the "perform the default move (trapezoidal
continuous),” "go to relative position “X" at the default
velocity and acceleration,” "go to absolute position "X at
the default velocity and acceleration,” and "go to the HOME
}imit switch at the default velocity and acceleration" commands
(32h, 33h, 34h, and 39h). If one wishes to request the default
veloclity and acceleration parameters they may do so by using
the "request move parameters for move number 00" command {91h)
(i.e., let parameter byte one of the g1h command equal 00). Move
number zero is defined as a trapezoidal, contlnous move, {CEh).

The second parameter byte determines the velocity and
acceleration range for the default move, the available velocity
and acceleration ranges are defined in commands C8h through D7H
("define move “X™"), Velocity range "6 may not be used in this
command. Bytes three through six specify the veloclity. Bytes
geven through ten specify the acceleration. The velocity aand
acceleration are interpreted as two”s complement numbers but
must be positive, two's complement numbers. A negative
velocity and a negative acceleration are invalid parameters.
After power up or reset the default velocity and acceleration
are set Lo ZETO.

VALID~within-a=SEQUENCE-buffer
VALID=in=INDEXER-node
VALID-concurtent-with—SEQUENCE-buffer-execution
VALID=-in-VELOCITY-STREAMING-mode
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32 1 Perform the default move (trapezoidal continuous)
00 or nonzero, mave direction, 00 =+ and nonzere = -

This command will perform the default move (rove number O
defined with the above command, 31h) as a trapezoidal, conti-
nuous move (same as CEh). The parameter byte specifles the
direction the move is to be performed, in the + direction if the
parameter byte is 00, otherwise, in the - direction. If the
default move has not been defined no wove will be performed.

SINGULAR
VALID-within-a—-SEQUENCE-buffer
VALID—in-INDEXER-mode
33 4 Co to relative position "X" at default velocity
and acceleration
00 -> FF, most significant byte of the relative position
00 => FF, gsecond most-significant byte
00 -> FF, third most significant byte
00 -> FF, least significant byte of the relative positlon

This command tells the indexer to move """ pulses at
the default velocity and acceleration defined with the above
command, 3lh. The relative distance specified 1s {aterpreted
as a signed, two’s complement number. A relative wmove may be
performed for any distance in the signed range 80000001h through
JFFFFFFFh (~7FFFFFFFh through +7FEFFFFFh or =(2731)-1 through
+(2°31)-1). A distance of 80000000h is invalid and will be
ignored. 1f the default move has not been defined (with command
311h) no move 18 performed.

SINGULAR
VALID-within—-a=SEQUENCE-buffer

VALID=-in-INDEXER~wmode
VALID—in-VELOCITY-STREAMING-mode

34 & GCo to absolute position "X” at default velocity
and acceleration

00 =-> FF, most significant byte of the absolute position

00 => FF, gecond most significant byte
00 -> FF, third most significant byte
00 -> FF, least significant byte of the absolute position

This command tells the indexer to move to absolute position
ngt (X" pulses away from the absolute zero position). The
absolute distance specified as a part of this command is
jnterpreted as a signed, two's complement numbet. Absolute
positions may be gspecified only in the range COO00001h through
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1PFFFPFFFh (-3FFFFFFFh through +3FFFFFFTh or -{2730)-1 through
+(2°30)-1). The absolute zero position may have either sign.
The indexer will move the motor at the default velocity and
acceleration defined with the above command, 31h. If the default
velocity and acceleraticn have not been defined, no move 1s
performed,

1f an absolute position is specified that 1s outside the
above range, or if the current absolute position of the motor is
outside the above range, no move will be performed. If the motor
is positioned outside the valid absolute positiening range
before being able to perform any absolute moves.

SINGULAR
VALID-within-a~SEQUENCE-buffer
VALID-in-INDEXER-mode
VALID-1n-VELOCITY-STREAMING-mode

as & Go to relative encoder position "X"
00 -> FF, most sigdficat tyte of the relative
encoder position
00 => FF, second most significant byte
00 => FF, third mst significant byte
00 —-> FF, least sigificat byte of the relative

encoder position

This command tells the indexer to move "X" encoder pulses
at the daefault velocity and acceleration (defined with the 3lh
command). The relative encoder distance specified is interpreted
as a signed, two’s complement number, A relative c¢losed=loop move
may be performed for any distance in the signed range "X" *
(motor pulse to encoder pulse ratio) = 80000001h through "X" *
(motor pulse to eacoder pulse ratio) = JFFFFFFFh  (=7FFFFFFFh
through +7FFFFFFFh or —{2*31)-1 through +(2°31)=1). A distance of
" * (motor pulse to encoder pulse ratio) = 80000000h is invalid
and will be ignored. In other words, the absclute value of "Y'
pust be less than or equal to 7FFFFFEFh divided by the motor
pulse cto encoder pulse ratio. If the default move has not been
defined (with command 31h) and the BOh through B4h commands have
not heen defined no move can be performed.

SINGULAR
VALID-within-a~SEQUENCE-buffer
VALID~in—~INDEXER~mode
VALID—in-VELOCITY-STREAMING-mOde

k3 4 Co to absolute encoder position "X"

00 -> FF, most significant byte of the absolute
encodar position
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00 =-> FF, gecond moat gigaificant byte
00 -> FF, third most significant byte
00 -> FF, least significant byte of the absolute

encoder position

This command rells the indexer to move to absolute encoder
position "X" ("X" pulses away from the absolute zero position).
The absclute encoder distance specified as a part of this command
13 interpreted as a signed, two’s complement number. Absolute
positions may ouly be specifi{ed such that "X" minus the current
absolute encoder position does not exceed the values given above,
in the 35h command, In other words, the relative distance
traveled by the moctor must be less than or equal to 7JFFFFFFFh
divided by the motor pulse to encoder pulse ratio. The indexer
will wmove the motor at the default velocity and acceleration
(defined with the 3lh command). If the default velocity and
acceleration have not been defined and commands BOh through Béh
have not been defined no move cam be performed.

SINGULAR
VALID-within=a—SEQUENCE~buffer
VALID~1n—-INDEXER~mode
VALID=-in-VELOCITY-STREAMING-mode

338 4 Define HOME location and final search parameters

00 or nonzero, active state of HOME input, 00 = TTL low and
nonzero = TTL high

00 or nonzero, active edge of HOME input, 00 = CW edge and
nonzero = CCW edge

01 => 64 final approach velocity as % of default velocity
00 or nonzero, final approach direction, G0 = CW and nonzero =
CcW

This command is meant to be used typlcally only after power -
up or system initialfzation. It allows the user to define the
precise home position with respect Lo a HOME input aignal of
finite width and fixed position, regardless of the inftial ap=
proach direction. It also defines the velocity and direction at
which the final approach is performed.

The first parameter byte supplied with this command de—
fines the active state of the HOME input. A 00 parameter Dbyte
means the HOME input is active low (TTL 0) and a nonzero para-
meter byte means the HOME input is active high (TTL 1). The
HOME input, 1ike TRIGGERs 2 through 5, is a level sensitive
fnput and must be active for a minumum of four milliseconds at
the default velocity, defined with the 3lh command, in order
for the indexer to perform properly. Following is an illuatra—
tion of an active HOME input,
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TTL high S
/
\ 00 active /
\ /
TTL low \ /
< t —_——aa)
t >= 4 msecs
TITL high
! A\
/ \
/ nonzero active \
TTL low / \

When searching for the HOME position the 1800 indexer does not
simply search for that point at which the HOME input is active,
but rather, it searches for a specific edge of the active HOME
input. The edge the indexer will "home in on" is determined by
the second pactameter byte. If the second parameter byte is 00
the HOME pasition is the CW edge of the active HOME input, 1if
the parameter byte 1s nonzero the HOME position is the CCW edge
of the active HOME Input, The following diagram 1llustrates
the CW and CCW edges of an active high HOME input. If one
starts from the CW limit, the CW edge of the HOME input is the
first active going edge one will strike while travelling towards
the CCW limit. The inverse 1s true for the CCW edge of the HOME
input. Note that the edge defined as HOME 1s {independent of
the direction definition (whether CW =+ or CCW = +). This is
because the HOME position is defined in terms of the absolute
divections CW and CCW; defining HOME in terms of Cthese absolute
diractions insures repeatability of the HOME position.

/ \
/ \
/ \
/ \
CW edge CCW edge
CW limit active ROME input CCW limit

The edge approach velocity, apecified by the third para-
meter byte, 1s the velocity at which the final search for the
HOME position 1s performed, There ig no acceleration to nor
deceleration from this velocity, the motor wust be able to satep
up to and down from this velocity, The repeatability of the
HOME position is a function of the magnitude of the final
approach velocity. The lower the final approach veloclty the
more repeatable, and more accurate, will be the HOME posi-
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tion. The final approach velocity 1s determined as a
function of che default velocity (defined with command  31lh).
The third parameter byte supplied with this command expres—
ges the final approach velocity to be a percent of the default
velocity. Perceats greater than 100 ot equal to 0 are invalid
and will cause this command to be ignored. To determine the
actual final approach velocity use the following formula:

jrd parameter byte

approach velocity = (default veloelty) *
100

The fourth, and final, parameter byte supplied with
this command specifies the final approach direction for finding
the HOME position. Thig means that the HOME position will
always be approached from the same absolute direction, 1f this
parameter byte is a 00 the final approach direction is in the CW
direction, towards the CW limit. 1f the parameter byte 1is
nonzero the final approach direction {s in the CCW direction,
rowards the CCW limit., Thus, 1if one specified the CW edge of
the HOME input to be the HOME position and specified to ap~
proach in the CW direction the indexer would always approach
HOME from HOME active to HOME inactive (see above diagram).

The "go HOME" move is designed to be rapid and repeatable.
The initial search direction is specified with the go HOME com=
mand (39h), but Lif an end of limit is encounterad the motor
will veverse and try searching in the other direction. If the
opposite end of travel limit is hit the search for HOME is aban-
doned. The following diagram illustrates what happens after the
specified HOME edge is found once. Item number one indicates the
inirtal search for the HOME input. When the active edge of
interest ia found (either at the default velocity or during
acceleration to the default velocity) the indexer will begin ko
decelerate the motor; this begins item number two, the avershoot
due to deceleration. The indexer notes the distance it has
overshot and will perform a recovery move, item number three,
to get back to the approximate location of the HOME position,
The final approach to the HOME position will be performed  at
the specified percent of default velocity (parameter byte num-
ber three) in the specified absolute direction {parameter
byte number four). The diagram below does not illustrate the
motions the indexer will send the motor through to achieve the
final approach im the specified absolute direction.
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constant velocity

A
/ \ 2) overshoot due
1) initial search / \ to deceleration
/ \
LSV AN
accelerating / VN
/ F AV
/ / \ '\ 3) recovery
/ / Voo
/ / AU
/ / N
/ [ 4) final \ \ __ approach
// approach valocity
= re
(offset for graphic clarity)

active HOME edge

VALID=-within=-a=-SEQUENCE-buffer
VALID=-in=INDEXER-mode
VALID—concurrent-with—VELOCITY-STREAHING
VALID-1in—-VELOCITY-STREAMING-mode

NOTES ON THE CLOSED-LOOP GO HOME COMMAND

The 38h command is used to define the HOME position for
both open-loop and closed-loop "go HOMES.'" When used to define a
closed-loop "go HOME" its parameter bytes rake on slightly
different meanings. Following is a descriptlon of the 38h command
as it pertains to the closed-loop "go HOME"” move. (Note: if
position maintenance 18 turned off a closed-loop "go HOME" caanot
be performed. An open—loop "go HOME" can be performed regardless
of the state of position maintenance.)

38 4 Define HOME location and final
search parameters (for closed loep)

00 or nonzero, active state of HOME ENABLE input, 00 = TTL low
X don”t care, (not ignored by open—loop go "HOME' )
0l => 64 final approach velocity as % of default velocity
00 or nonzero, final approach direction, 00 = CW and nonzero = CCW

The first parametar byte supplied with the 38h command
defines the active state of the HOME ENABLE {sput., A& 00 parameter
byte means the HOME ENABLE input 1s active low (TTL 0) and a
nonzero parameter byte means the HOME ENABLE input 1s active high
(TTL 1). The HOME ENABLE input, like TRIGGERs 2 through 5, 1s a
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level sensitive input and must be active for a minumum of four
milliseconds at the default velocity, (defined with the 3lh
command), in order for the indexer to "see' HOME properly.
Following is an illustratiocn of an active HOME ENABLE input.

TTL high
/
\ 00 active /
\ /
TTL low \ /
4 t >
t >= 4 msecs
TTL high
/ \
/ \
/ nonzeroc active A\

TTL low !

The second parameter byte 18 tgnored when performiag a
closed=loop 'go HOME." It still has meaning 1f one atteapts to
perform an open-loop "go HOME™ move! The edge of HOME to be
chosen  as the HOME position by the {ndexer during a closed loop
home move 13 a function of the final approach direction
(parameter byte number four) and the Z-channel polarity switch.

39 1 Co HOME at the default velocity and acceleration

00 or nonzero, direction In which search is to begin, 00 =+
and nonzero = -

This command will cause the indexer to search for the HOME
1imit switch at the velocity and acceleration specified with
comzand 3lh. ) & 4 the HOME limit switch is not found after
striking both the CW 1limit switch and the CCW limit switch the
gearch is abandoned.

The parameter byte spacifies the direction the indexer
will  Tbegin moving the motor as 1t begins its search for the
HOME input (as defined with command 38h above), i,e., whether
to begin searching for the HOME limit switch in the + direction
or in the — direction. This command will not be performed 1if
the above command (38h) has not been performed (the HOME position
has not been defined), 1f the default move parameters have not
been defined or Lf the motor {5 moving.
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SINGULAR
VALID=within-a-SEQUENCE-buffer
VALID=-in-INDEXER-mode
YALID=1in=VELOCITY-STREAMING-mode

3A 1 Go to encoder BOME at the default
velocity & acceleration

00 or nonzero, direction in which search is to begin,
00 = + and nonzero = -

This command will cause the indexer to search for the
channel Z HOME position at the veloeclty and acceleration
gpecified with command 3lh. If the channel Z HOME position is not
found after striking both the CW limit switch and the CCW limit
switch the search is abandoned.

The parameter byte specifles the direction the indexer will
begin moving the motor as it beging 1lts search for the HOME laput
(as defined with command 38h), i.e. whether to begin searching
for the HOME position in the + direction or in the =direction.
This command will not be performed if the 38h command has not
been performed (the HOME position has not been defined), 1if the
default move parameters have not been defined, 1f the motor {is
moving, or if the joystick is enabled.

The channel Z home position is defined via the CH 2+ and
the CH Z-inputs, These inputs are typically found on incremental
encoders and are used to indicate a known reference peint. For
rotary encoders 1t 1s necesgary to supply an additional signal
which 1s referred to as the HOME ENABLE input. Activating the
HOME ENABLE {input validates the channel Z home position {which
oceurs once during each revolution of a rtotary encoder).
Therefore, the 1indexer will search for the channel Z home
position that occurs when HOME ENABLE is active.

One must issue the 38h command before any "go HOME" moves
can be performed. The 38h command is typically performed only
once after power up or system tnitialization. It allows the user
to define the precise home position with respect to a HOME input
signal of finite width and fixed position, regardless of the
initial approach direction. It also defines the velocity and
direccion at which the final approach to the HOME position 1is
performed. Additional information regarding the closed-loop o

HOME" command is provided on the following pages.

SINGULAR
VALID-within-a=SEQUENCE-buffer
YALID=-1n~INDEXER-mode
VALID=in=-VELOCITY-STREAMING-mode
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40 1 Perform move number "X

01 => 32, move number

This command will cause the indexer to perform previously
defined move number "X." The move definition contains informa-
tion specifying the distance, velocity, acceleration, direc-
tion, velocity range, acceleration range, and move type (rela-
tive, preset, or continuous), A move uumbered outside of the
above range 18 invalid and will be ignored. If a move s
currently being performed this command is ignored.

SINGULAR
VALID=-within~a=-SEQUENCE-buffer
VALID-in~INDEXER-node
VALID-1in~VELOCITY=STREAMING-mode

s 1 Parform sequence buffer "X"
0l => OF indicates sequence buffer number

This command causes previously defined sequence buffer
"{" to be performed. The parameter byte must be supplied with
this command, 1f it is not supplied the command is ignored. 1f
a sequence buffer has not been defined this command is 1ignored.
To fiad out how much free space is lefc in the sequence buffer
refer to command EZ.

VALID-in-INDEXER-mode
42 0 Perform the velocity streaming buffer

This command tells the 1indexer CtoO perform the pre=
viously filled velocity streaming buffer. If the wvelocity
streaming buffer is empty no action takes place, If the
velocity streaming buffer 18 emptied out faster than 1t is
cefilled the motor will remain at the last velocity in the buf-
fer, To resume velocity streaming the buffer must be refilled
and this command velssued; thus, when tha velocity streaming
buffer is emptied the 1830 is no loager “pserforming the velocity
streaming buffer.”

VALID-1n-VELOCITY-STREAMING-mode
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48 V] CONTINUE (perfora the next command)

This command causes continuation!! If a command has
been performed instructing the indexer to walt for a CONTINUE
command this i{s the command it is wailting for. 1f the indexer

is not waiting for a CONTINUE this command is ignored.

VALID-in-INDEXER-mode :
VALID-concurrent-with=SEQUENCE-buffer—execution
VALID=in~VELOCITY-STREAMING-node
VYALID=-coucurrent~with-VELOCITY=-STREAMING

50 0 Enter open loop indexer mode

This command instructs the controller to enter apen loop
indexer mode. In open loop indexer mode one can perform relative
moves, absolute moves, and continuous moves. Operation of the
jog functions are also permitted. Open loop indexer mode is what
one might consider the “normal”™ mode of  the indexer. After
power on or reset the indexer 1s in open loop indexer mode.

VALID=~1in=-INDEXER-mode
VALID~{n=VELOCITY-STREAMING-mode

51 6 Enter velocity-distance streaming mode {user
profiling mode)

01 => 09, choose base clock frequency
0l ~> 10, choose divisor

00 -> FF, MS byte of buffer empty alarm
00 -> FF, second M5 byte

00 => FF, third MS byte

00 => FF, LS byte of buffer empty alarm

Velocity-distance streaming mode requires that the
user supply velocity—distance palrs Co the indexer. These
are supplied with the EOh command. The three parameter

supplied with this command determine the "velocity range" and
the poiunt at which a "buffer empty alarm" is sent.

The following list contains the base ¢lock frequencles
avallable and the parameter byte (parameter hyte number one)
used to choose a base frequency.
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parameter byte baase freguency

o1 4.3690667 MHz
02 436.90667 Kiz
03 43,690667 KHz
04 4,.3690667 KHz
05 436,90667 Hz

06 273.066867 KHz
07 17.066667 KHz
08 1.0666667 KHz
09 66.666667 Hz

The effective clock frequency 1s calculated by dividing the
base clock frequency by the divisor supplied as the second
parameter byte. The divisor may be any number between Olh and
10h inclusive (1 through 16). The maximun frequency (velocity)
acheivable for the chosen base frequency and divisor 1is one half
the effective clock frequency. The frequency {velocity) reso~
lution 18 equal to the effective clock frequency divided by
65,536,

The "buffer empty alarm' 1s a message to the host indica-
ting that the velocity streaming buffer is ’‘nearly eapty."
The third parameter supplied (parameter bytes three through
six) is a comparison number the 1830 indexer usaes to determine
if it should send a "buffer emply alarm" to the host, If the
aumber of data bytes in the velocity streaning buffer equals or
goes below this parameter {and a certain precondition has been
met) the indexer will send the host a "huffer empty alarm.” A
"puffer empty alarm' is accomplished by sending a message to the
host. The message sent 1s this command followed by the parame-
ter bytes that were supplied with this coumand. (Sending &
message to the host will result in a "message ready” Interrupt,
{f the interrupt has been enabled.) For exaaple, if the third
parameter was a 00 00 00 64h the Lndexer would send a “buffer
empty alarm” to the host when the number of bytes to be proces—
gsed in the velocity streaming buffer was equal or less than 100
bytes, However, the alarm would not have occured unless the
buffer had been filled to more than 100 bytes; i{in other words,
one must fill the buffer past the buffer alarm value in order to

turn on the alarm function. In addition, the alarm will only
be sent once, the host will not receive continuous alarms after
the buffer goes below the buffer alarm value. Again, the

following sequence of events must take place in order to recelve
a “"buffer empty alarm.”
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1) Define the buffer alarm value with parameter three
above,

2) Fill the velocity streaming buffer with wmore bytes
than have been specified as the buffer alarm
value.

3) Begin velocity streaming. When the buffer empties to
a number of bytes below the value apecified as the
buffer empty alarm a "buffer empty alarm"” message
will be sent to the host,

To avoid the buffer empty alarm altogether specify a buffer
elarm value that is greater than the total size of the velocity
streaming buffer (see command E2h). When thias 1is done it is
impossible to turn the buffer empty alarm function on because
it 1is 1impossible to fill the buffer with more bytes than the
buffer alarm value specified.

One may reenter velocity—distance streaming wmode while
in velocity-distance stresming mode (but not while perfor-
ming the velocity-stresming buffer). Reentering 1s the only
means by which one may modify the aeffective clock frequency and
the "buffer empty alarm.," If one attempts to eunter velocity~-
distance streaming mode while the motor is moving the request
will be ignored., The base clock frequency and the effective
clock frequency cannot be nodified L1f the motor is moving.

All move commands may be executed while in this mode.

VALID-1in—-INDEXER-mode
VALID=1in-VELOCITY-STREAMING-mode

52 8 Enter velocity-time atreaming mode {user profiling
mode)

01 -> 09, choose base clock frequency

0l => 10, choose divieor

00 -~> FF, MS byte of the buffer empty alarm valua

00 ~> FP, second MS byte

00 => FF, third MS byte

00 => FF, LS byte of the buffer empty alarm value

00 -> FF, most significant digit of the update rate, in milli-
gseconds

00 -> FF, least significant digit of the update rate, in uilli-
seconds

Velocity—-time streaming mode requires that Cthe user
supply velocity values 0 be output at a predefined update
rate. The first three parameter determine the ''velocity
range” and the point at vhich a "buffer empty alarm" will be
sent. The update rate ia supplied as the seventh and eighth
parameter bytes of this command . The update rate is specified
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in milliseconds and can be any value between 2 and 65,535 milli-
seconds, inclusive; an update rate of zero or one millisecond
is invalid and not allowed. Velocity values to be output by
the indexer are supplied with the Elh command,

The following 1list contains the base clock frequencies
available and the parametetr byte (parameter byte number one)
used to choose a base fraquency.

parameter byte base frequency

0l 4,3690667 MHz
02 436,90667 KHz
03 43.690667 Kiz
04 4.,3690667 KHz
05 436,90667 Hz

06 273.06667 KHz
07 17,066667 KHz
08 1.0666667 KHz
(1 66.666667 Hz

The effective clock frequency 1s8 calculated by dividing the
base clock frequency by the divisor supplied as the second
parameter byte, The divisor may be any number between Olh and
10h inclusive (1 through 16). The maximum frequency (velocity)
achaivable for the chosen base frequency and divisor ig one
half the effective clock frequency. The frequency (velocity)
resolution is equal to the affective clock frequency divided by
65,536.

The "buffer empty alarm” is a message L0 the host indica-
ting that the velocity streaming buffer is 'mearly empty."”
The third parameter supplied (parameter bytes three through
gix) 1s a comparison number the 1830 indexer uses to determine
i{f it should send a "buffer empty alarm" to the host. If the
number of data bytea in the velocity streaming buffer equals or
goes below this parameter (and a certain precondition has been
met) the indexer will send the host a "hbuffar empty alarm.” A
"puffer empty alarm” is accomplished by sending a message to the

host.

The message sent 1s thia command followed by the parameter
bytes that were supplied with this command . {8ending a message
to the host will result in a "message ready" intervupt, if the
interrupt has been enabled.) For exaaple, if cthe third
parameter was a 00 00 00 64h the indexer would seand a "buffer
enpty alarm” to the hoat when the number of bytes to be proces-—
sed in the velocity streaming buffer was equal or less than 100
bytes. However, the alarm would not have occured unless tha
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buffer had been filled to more tham 100 bytes; in other words,
one must fill the buffer past the buffer alarm value {n order to

turn on the alarm function. In addition, the alarm will only
be sent once, the host will not recelve continucus alarms after
the buffer goes below the buffer alarm value. Agalua, the

following sequence of events must take place in order to receive
a "buffer empty alarm.”

1) Define the buffer alarm value with parameter three
above.

2) Fill the velocity streaming buffer with more bhytes
than have been specified as the buffer alarm
value.

3) Begin velocity streaming. When the buffer empties to
a number of bytes below the value gpecified as the
buffer empty alarm a "buffer empty alarm"” message
will be sent to the host.

To avold the buffer empty alarm altogether gpecify a buffer
alarm value that is greater than the total size of the velocity
streaming buffer (see command E2h). When this 1s done it is
impossible to turn the buffer empty alarm function on because
it 1is 4impossible to £ill the buffer with more bytes than the
buffer alarm value specified.

One may reenter velocity-time streaming mode while in
velocity-time atreaming wode (but not while performing the
velocity-streaming buffer). Reentering 4s the only means by
which one may modify the effective clock frequency, the
“huffer empty alarm," and the predefined update rate. 1f one
attempts to enter velocity-time streaming mode while the motor
{s moving the request will be ignotred. The base clock fre-
quency and the effective clock Frequency cannotC be modified 1if
the motor is moving.

All move commands may be executed while in the VELOCITY=-
STREAMING-rode.

VALID-{n—INDEXER-mode
VALID-1in~VELOCITY-STREAMING-mode

70 0 STOP motion

A controlled deceleration of any motion due to the
performance of a move {s performed. The deceleration Cto
Zero is at the most recent acceleration/deceleration rate.
1f the valocity streaming buffer 1s being performed this com—
mand 1s equivalent to command 78h, KILL motion.
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VALID-1in-INDEXER-node
VALID-concurrent—with—SEQUENCE—buffer-execut1on
VALID~1n-VELOCITY-STREAMING~mode
VALID—concurrent-ui:h—VELOCITY-STREAHING

71 0 Discontinue the sequeuce buffer

The command curreatly being performed in rthe sequence
buffer will be completed and no more commands will be atarted
in the sequence buffer. This command causes the {Indexer to
leave the sequence buffer prematurely. In other words, 41f thia
command is issued while performing the sequence buffer one will
aot be able to restart the sequence buffer where it was disconti-
nued. 1f the sequence buffer 1s not belng performed this
command has no effect. The contents of the sequence buffer
are not loat when this command is executed.

VALID=in-INDEXER-mcde
VALID-concurrent-with=SEQUENCE~buf fer—execution

72 0 Suspend the sequence buffer; wait for a CONTINUE
to resume

This command is similar to 71h. Rather than prematurely
ending the sequence buffer {t is temporarily suspended until a
CONTINUE command (48h) 4s received. Upon recelpt of a CONTINUE
command the next command ttat was to be pecformed when the
sequence buffer was suspended 18 performed. 1f the sequence
buffer 1s not being performed when this compand is  executed
the command is ignored.

VALID-1in-INDEXER-mode
VALID-concurreut-with—SEQUENCE-buffer-axe:ution

73 0 Discontinue any singular cosmand curreantly being
performed

Any singular command being performed at the time this
command {s executed is prematurely ended. 1f a move is being
performed, either preset or continucus, the velocity being ocutput
at the time the coumand is issued is the last velocity  output.
In other words, the move is neither STOPPED  (see command
70h), KILLED (@ee command 78nh), nor finished, it is suspended!!

VAL1D-in~INDEXER-mode
VﬁLID—concurrent-with-sEQUENCE-buffer—execution
VALID-1n-VELOCITY—STREAMING-mode
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74 3 STOP motion when TRIGGER "X" goes active

0l or 06, 0! = TRIGGER | and 06 = TRIGGER 6

00 or nonzero, 00 = disable this functlon, nonzero = enable

00 or monzero, 00 = do not send a message, nonzero = send a
. message

The effects of this command are similar to the "STOP
motion™ command, {(70h). A controlled deceleration of any
motion due to the performance of a move occurs when the speci-
fied TRIGCER goes active, The TRIGGER i3 specified by the first
parameter byte. The deceleration to zero is at the most recent
acceleration/deceleration rate, The second parameter byte
turns this function on aad off. A 00 parameter byte means an
active TRIGGER 1 or 6 will not STOP motion and a nonzerc para=
meter byte means an active TRIGGER 1 or 6 will STOP motion.
Following power on or reset this fuanction is disabled. The thircd
parameter byte specifies whether the indexer is to send a message
to the host when the specified TRIGGER goes active. If the
third parameter byte is nonzero the indexer will gsend a mes-
sage to the host, which will generate a "message ready lnter=
rupt” on the host”s bus if interrupts are enabled. The message
one will receive will be this command byte followed by the
firat parameter byte and fourteen zeroesa.

Only one function may be performed by a given TRIGGER input
at a given Clme. For example, if TRIGGER 1 has already been
{nitialized to STOP motion on active TRIGGER 1 mno other
fuanction may be specified for active TRIGGER 1 until the STOP
motion function is disabled.

VALID=within—a—-SEQUENCE-buffer
VALID=1in-INDEXER~mode
VALID=concurrent-with-SEQUENCE~buf fer-execution

75 3 Discontinue the sequence buffar when TRIGGER “X"
goes active

01 or 06, 01l = TRIGGER 1 and 06 = TRIGGER 6

00 or nonzera, 00 = disable this function, nonzero = enable

00 or nonzero, 00 = do not send & message, nonzero » gend a
message

This command is very similar to 7lh. Rather chan
discontinuing the sequence buffer immediately upon receipt of
this command the sequence buffer is discontinued when the speci-
fied TRIGGER input goea actlve. As 1s the case with  command
71h, the sequence buffer is prematurely ended and may not be
restarted at the point of discontinuation. The sacond parame—
ter byte turns this function on and off, A 00 parameter byte
means an active TRIGGER 1 or 6 will not discontinue the sequence
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buffar and a nonzero parameter byte means an actlve TRIGGER 1 or
6 will discontinue the sequence buffer. Following power on oOr
reset this function is disabled. The third parameter byte
specifies whether the Iindexer i to send a message to the
host when the apecified TRIGGER goes active. If the third
parameter byte 1s nonzero the indexer will send a message to the
host, which will generate a "message ready interrupt” on the
host”s bus 1f iaterrupte are enabled. The message one will
receive will be this command byte followed by the first para-
meter byte and fourtsen zeroes. '

Only one function may be performed by a given TRIGGER
input at a given time. For example, if TRIGGER 1 has already
been initialized to STOP motion on active TRIGGER 1 no other
function may be specified for active TRIGGER 1 until the STOP
motion function ia disabled.

VALID-within—a—SEQUENCE=-buffer
YALID=-in-INDEXER~-mode
VALID—concurrent—with—SEQUENCE—buffer—execution

76 3 Suspend seq. buffer when TRIGGER wX" goes active;
walt for a CONTINUE to resume

0l or 06, 01 = TRIGGER 1 and 06 = TRIGGER &

00 or nonzere, 00 = disable this fumction, nonzero = enable

00 or nonzere, 00 = do not send a message, nonzeéro = send a
message

This command 13 very similar to 72Zh, Rather  than
auspending the sequence buffer when this command i3 received
the sequence buffer will be sugpended when Cthe specified TRIG~
GER goes active. Upon receipt of a CONTINUE command the next
command that was to be performed when the sequence buffer was
suspended is performed. If the sequence buffer L{g not being
performed when the specified TRIGGER goes active the  TRIG-
GER is ignored. The second parameter byte turne this fune—
tion on and off., A 00 parameter byte means an active TRIGGER
1 or 6 will not suspend the sequence buffer and a nonzero
parameter byte means an active TRIGGER 1 or 6 will  suspend
the sequence buffer. ¥ollowing power on or reset this func—
tica 1s disabled. The third parameter byte specifies whether
the indexer Is to send a message to the hast when the  speci-
fied TRIGGER goes active. If the third pavrameter byte is
non-zero the indexer will seand a measage to the host, which
will generate a "message ready interrupt” on the host”s bus 1f
interrupts are enabled. The message one will recelve will
be this command byte followed by the £first parameter byte and
Fourteen zetroes.
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Only one funection may be performed by a given TRIGGER
input at a given time. For example, if TRIGGER 1 has already
been initialized to STDP motion on active TRIGGER 1 no other
function wmay be specified for active TRIGGER 1 until the STOP
motion function is disabled.

VALID=-within—a-SEQUENCE-buffer
VALID-in—-INDEXER-mode
VALID-concurrent-with-SEQUENCE-buffer-execution

77 3 Discontinue any singular command when TRIGGER "X"
goes active

¢l or 06, 0l = TRIGGER 1 and 06 = TRIGGER 6

00 or noazerc, 00 = disable this function, nonzero = enable

00 or nonzero, 00 = do not send 4 message, nonzerco = send a
mnegsage

This command i{s nearly identical to command 73h, however,
the specified TRIGGER must go active before a singular command
is prematurely ended. If a move {8 being performed, either
preset or continuous, the velociry being output at the time
the specified TRIGGER bit goes active is the last velocity
output. In other words, the move 1is neither STOPPED (see command
70h), KILLED (see command 78h), nor finished, it is suspen~-
ded!! If TRIGGER 1 or 6 goes active when there is no singular
command being performed it has no effect. The second para-
meter byte sapecifies whether the apecified TRIGGER 1s to be
ignored or not. If the parameter byte is 00 en active TRIGGER
will not cause premature ending of a singular command, and If
the parameter byte is nonzeroc an active TRIGGER will cause
premature ending of a singular command. The third parameter
byte specifies whether the i{indexer is to send a message to the
host when the specified TRIGGER goes active. If the cthird
parameter byte is nonzero the {ndexer will send a message to the
host, which will generate a "message ready interrupt” on the
host”s bus Lf interrupts are enabled. The message one will
receive will be this command byte followed by cthe First para-
meter byte and fourteen zerces,

Only one function uay be performed by a glven TRIGGER
input at a give time. For example, 1f TRIGGER 1 has already
been initialized to STOP motion on active TRIGGER 1 na other
function may be specified for active TRIGGER 1 until the STOP
motion function is disabled.

VALID~within-~-a~-SEQUENCE-buffer
VALID=-in-INDEXER-mode
VALID~concurrent-with=-SEQUENCE~buf fer-execution
VALID-in=-VELOCITY-STREAMING-mode

Compumototr Corporation 1/15/85 Page 101
Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



APPENDIX A 1830 Motor Controller

78 (1] KILL motion

Any motion that is occuring at the time this command 18
executed is immediately stopped. Pulse3 are stopped immediate-
ly, there 18 no deceleration to zero velocity., The action of
this command is equivalent to hitting a 1imit switch,

VALID~in-INDEXER-mode
VALID—concurrent-with—SEQUENCE-buffer—executiun
vALID-in—VELOCITY—STREAHING—mode
VALID—concurten:-uith—VELOCITYwSTRE&MING

79 0 KILL the sequence buffer

Any singular command that 13 being performed in the seque-
nce buffer is prematurely ended and the sequence buffer 1is
prematurely ended. If the sequence buffer is mnotC being
performed when this command is executed the command 1is
ignored.

VALID=-1in-INDEXER-mode
vALID-concurrent-with—SEQUENCE—buffer—execution

7A 0 KILL curreat sequence singular command; walt for a
CONTINUE

Any singular coamand that is currently being performed in
the sequance buffer 1s prematurely ended. The sequence buffer
is temporarily suspended until a CONTINUE command 1is received.
1f the sequence buifer is not being performed when this command
is executed the command is ignored.

VALID~in-INDEXER-made
VALID—concurrent-with—SEQUENCE-buffer—execution
7B 0 EILL the velocity-streaming buffer
Velocity-streaming 1is prematurely ended at the velocity
value 1n effect when this cocmand 1is axecuted. This command
clears the velocity-streaming buffer. To resume velocikty

streaming one must refill the velocity streaming buffer and
reigssue the "perform the velocity streaming buffer” command
(42h). To bring the velocity of the motor to zero the velocity-
streaming buffer must be filled with a zero velocity or the
KILL motion command must be issued (78h).

VALID—in-VELOCITY*STREAHIHG—mode
VALID—concucrent-wich—VELDCITY—STRBAHING
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7C 3 KILL wotion when TRIGGER "X" goes active

01 or 06, 0l = TRIGGER 1 and 06 = TRIGGER 6
00 or nonzero, 00 = disable this function, nonzero = enable

00 or nonzero, 00 = do not send a megsage, nonzero = send a
megsage

The effects of this comand are similar to the "KILL
aotion" command, (78h),. Any motion that 1s occuring at the
time the specified TRIGGER goes active is immediately stopped.
Pulses are stopped immediately, there is no deceleratioa to
zero veloclity. The action of this command is equivalent to
hitting a limit switch, The TRIGGER is specified by the first
parameter byte. The second parameter byte turns this function on
and off. A 00 parameter byte means an active TRIGGER 1 or 6
will not KILL motion and a nonzero parameter byte means an
active TRIGGER 1 or 6§ will KILL motion. Following power on or
reset this function 1s disabled. The third parameter byte
gpecifies whether the indexer is to send a message to the host
when the specified TRIGGER goes active. If the third para-
meter byte is nonzero the indexer will seund a message to the
host, which will generate a "message ready interrupt" on the
host”s bus if interrupts are enabled, The message one will
receive will be this command byte followed by the first para-
meter byte and fourteen zeroes.

Only one function may be performed by a given TRIGGER input
at a gilven time. For example, if TRIGGER 1 has already been
initifalized to STOP motion on active TRIGGER 1 mno other
function may be specified for active TRIGGER 1 until the ST0P
motion function 1s disabled.

VALID=within-a=SEQUENCE-buffer
VALID=-1in~INDEXER-mode
VALID-concurrent=with—~SEQUENCE-buffer~execution
VALID-1n=-VELOCITY-STREAMING-mode
VALID=-concurrent=with=VELOCITY~-STREAMING

7D 3 KILL the sequence buffer when TRIGGER "X" goes
active
01 or 06, D1 = TRIGGER 1 and 06 = TRIGGER 6

00 or nonzero, 00 = disable this function, nonzero = enable
00 or monzero, 00 = do not send a message, nonzero = send a
message

This command is very similar to 7%h, Rather than KILLING
the sequence buffer immediately upon receipt of the command the
gequence buffer is KILLED when the specified TRIGGER goes ac-
tive, As is the case with command 7%h, the saquence buffer is
prematurely ended and may not be restarted at the point of the
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APPENDIX A 1830 Motor Controller

KILL. 1f TRIGGER 1 or 6 goes active when there is no sequence
buffer being performed 1t has no effect. The gecond para-
meter byte determines whether or not the specified TRIGGER 1is
to be ignored. If the parameter byte is 00 an active TRIGGER
will not cause KILLING of a sequence buffer, and if the para-
meter byte 18 nonzero an active TRIGGER will cause  KILLING
of a sequence buffer. The third parameter byte specifies
whether the indexer is to send a message to the hoat when the
specified TRIGGER goes active. If the third parameter byte
{s nonzero the indexer will send a message LO the Thost, which
will gensrate a ‘message ready interrupt” to the host”s
bus 1f interrupts are enabled. The message one will receive
will be this command byte followed by the first parameter byte
and fourteen zeroes.

Only one function may be performed by a given TRIGGER
input. For example, 1f TRIGGER 1l has already been initialized
to STOP motion on active TRIGGER 1 no other fuanction may be
specified for active TRIGGER 1 until the STOP motion function is
disahled.

VALID-within-a—SEQUENCE=buffer
VALID-1in=~INDEXER-mode
VALID-concurrent-with—SEQUENCE-buffe:—execution

7B 3 KILL current sequence singular command when TRIG-
GER "X" goes active; wait for a CONTINUE

0l or 06, 01 = TRIGCER 1 and 06 = TRIGGER &

00 or nonzero, 00 = disable this function, nonzerc = enable

00 or nonzero, 00 = do not send a mesgage, nONZero = gend a
message

1f the sequence buffer is being performed aay singular
command being performed when the specified TRIGGER goes active
{g prematurely ended and the sequence buffer is suspended
until a CONTINUE 1is received. The second parameter  byte
determines whether the specified TRIGGER is to bhe 1ignored or
not, If the parameter byte is 00 an active TRIGGER will not
cause sugpension of the sequence buffer, and 1L the parameter
byte is nonzero an active TRIGGER will cause suspension of the
sequence buffer. The third parasetar byte specifies whether
the indexer is to seud a messdage Lo the host when the speci-
fied TRIGGER goes active, If the third parameter byte 1s
nonzero the indaexer will send a message Lo the host, which will
generate a "message ready {aterrupt” to the host”s bus Lf inter-
rupts are enabled. The message one will receive will be this
command byte followed by the first parameter byte and fourteen
zerces.,
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APPENDIX A 1830 Motor Controller

Only one function may be performed by a given TRIGGER
input. For example, 1f TRIGGER 1 has already been initialized
to STOP motion on active TRIGGER 1 no other function may be
gpecified for active TRIGGER 1 unril the STOP motion function is
disabled.

VALID-within-a—SEQUENCE-buffer
VALID=1in-1NDEXER-mode
VﬁLID—concnrrent-with-SEQUENCE-buffer—execution

¥ 3 XILL the welocity-streaming buffer when TRIGGER
"X" goes active

0l or 06, Ol = TRICGER 1 and 06 = TRIGGER &

00 or nonzero, 00 = disable this function, nonzero = enable

00 or nonzero, 00 = do not send a message, nonzera = gsend a
message

Velocity-streaming 1is stopped at the current veloecitry
being output at the time the specified TRIGGER goes active.
This command clears the velocity—atreaming buffer. To Tesume
velocity streaming one must refill the velocity-streaming buffer
and send the "perform the velocity streaming buffer"  command
(42h), To bring cthe valocity of the motor to zero the velo-
city-streaming buffer must be filled with a zero velocity ot the

KILL wmotion command must be issued (78h). The second para-
meter byte determines whether the gpecified TRIGGER 1is Lo be
ignored or not. 1f the parameter byte is 00 an active TRIG-

GER will not cause KILLING of the sequence puffer, and if the
parameter byte 1s nonzeroc an active TRIGGER will cause KILLING
of the sequence buffer. The third parameter byte specifies
whether the indexar s to send a message to the host when the
gpecified TRIGGER goes active. 1f the third parameter byte 1s
aonzero the indexer will send a message to the host, which will
generate &4 "message ready {nterrupt” to the host”s bus {f inter~
rupts are enabled. The message one will recelve will be
this command byte followed by the first parameter byte and
foutrteen zeroes.

Only one function may be performed by a given TRIGGER
fnput. For example, 1f TRIGGER 1 has already been initialized
to STOP motion on active TRIGGER 1 no other function may be
specified for active TRIGGER 1 until the STOP motion functiom is
disabled.

VALID-in—VELOCITY-STREAMING—mode
VALID-concurrent—wi:h—VELOCITY-STREAMING
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SPECIFICATIONS 1830 Motor Comntroller

Storage:
-22 to 185 degrees F (-30 to 85 C)

thsical Dimensions:

Size:

Non-expanded bus, double height VME board, double wide panel
takes two card guide slots, but only one plugs into the VME
backplane.

6§.3" D x 1.58" W x 10.25" B (16.0 em X 4.0 cm x 26.0 cm)
Weight:

1.25 1b (0.6 kg) Net, 3.0 lbs (1.4 kg) Shipping

Inputs and Outputs

There are four external connectors on the 1830 indexer,
three located on the top board edge and the VMEbus Pl
connector. The VMEbus P2 connector is, not used. The three
front panel counnectors  are: Auxiliary, Motor=Driver, and
Encoder. For pinout listings of these conmnectors see Appendix C.

The electrical characteristics and functicns described in
this section use the term LS TTL equivalent load. This means
an input at a TTL high level (2.0 volts to 5.5 volts) will sink
20 microamps of current, and an input at a TTL low level (0.8
volts to O volts) will source 0.4 nilliamps of current.

The following format is used to describe the three front
panel connectors” signals.

SIGNAL (DIRECTION WITH RESPECT 10 THE 1830 INDEXER)
ACTIVE STATE (omitted if this is undefineable)

Paragraph describing che signal®s function.

Description of the signal”’s electrical characteristics.

The four connectors to be described, 1in the order of their
description, are the AUXILIARY connector, the ENCODER counector,
the MOTOR/DRIVER connector, and the VMEbus Pl comnecter.

AUXTLIARY CONNECTOR

The AUXILIARY connector {s a 25-pin "D" header. All
outputs are 3.7 volts nominal, 60 milliamp maximum sink
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ot  source, short-circuit protected, unless otherwise noted.
Inputs are two LS TTL equivalent loads or less with 3.3 Kohm
pullups and 0.1 microfarad nolse filter capacitors to ground,
unless otherwise noted.

SHUTDOWN IN (INPﬂT)
ACTIVE LOW

Activating this input can cause the motor to shutdown,
This 1input must first be enabled via a command to the indexer,
"enable SHUTDOWN IN,”" If the enabling command is not issued
activacing SHUTDOWN IN will have no effect. If one issues
the command "turn on/off the remote power shutdown" and this
{nput has been enabled the command will thave no effect.
Thus, control over the remote power ghutdown output bit
(SHUTDOWN on the MOTOR/DRIVER connector) belongs exclusively
to either this input or the aforementioned command, not to both
at the same time.

CW LIMIT  (INPUT)
ACTIVE HIGH

Fxtreme mechanical 1imit stop. Activation of this input
causes the indexer to stop any motor motiom in the clockwise
direction within 200 microseconds. The signal must remaln active
for a minimum duration of 75 microseconds.

This input may be configured via an on~board switch to be
isolated or non-isolated, For isoclated operatiom, the ianput must
provide 10 mA at 3V for logic high for the limit to be considered
"not active." If the input is not present (open, or low level),
the motor will stop 1if moving clockwise. The "CW Opto Return"
pin should be used in this isolated operaticn.

For non-isolated operation, this input may be wired to a
normally closed 1imit switch of suitable contact rating. The
polarity, normally closed, 1s "fail safe" in that an open con—
nection causes the motor to stop if moving clockwise. An on=-hoard
switch is provided to bypass this input tf no limit switch |is
connected to the input,

cow LT  (INPUT)
ACTIVE HIGH

Same as W LIMIT except it affects motion in - the
counterclockwise direction.
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SPECIFICATIONS 1830 Motor Controller

HOME LIMIT (INPUT)
ACTIVE RIGH OR LOW

Thie input is not used to stop motlon as the CW and CCW
LIMIT inputs are, It identifies a "HOME position" that may be
used as a reference point. For example, exercising the
command "go to the HOME limit switch" will cause the indexer to
gearch for the HOME limit switch, This 4input 1is shared with
the HOME  ENABLE input on the ENCODER connector and,
therefore, will be interpreted as the HOME ENABLE signal 1f a
c¢losed loop Home command belng performed.

This input is not switch defeatable.

TRIGGER #1 and #6 (INPUT)
ACTIVE HIGH EDGE

These are user defined inputs. There are several commands
that can be issued to the indexer that pertain to these
inputs, such as "wailt for trigger 1 to go active," These are
Mhigh-speed" inputs, response will be within 200 microseconds
for #1 and 400 microseconds for #2. To assure proper operation,
the input signal should be held high for 1 millisecond.

May be connected to a normally-closed limit switch like
those connected to the CW and CCW LIMITs (non-isolated).

TRIGGER #2-#5 ( INPUT)
ACTIVE HIGH OR LOW LEVEL

These are usetr defined inputs, Unlike TRIGGERs #1 and #2,
TRIGGERs #2-#5 are not "high-speed" inputs, they are "low-speed"
inputs, They may be used with the command "wait for trigger X
to go active high (or low)." The worst case response Lo them 1is 3
milliseconds. The signal must be active for at least 4 millise—
conds to ensure propetr TeS5pOnse.

The active sense of these inputs 1s determined by the user.

JOCPOS, JOGNEG AND JOGLO { INPUITS)
ACTIVE LOW

These inputs have two sets of definitions selected via
commands to the indexer. They are level sensitive inputs. Refer
to the "Jog Luput" section under the heading "operation" for a
complete description of all the combinations of these 1inputs.
Thegse Inputs are polled as the lowest prioricty inputs and wmay
take in excess of 30 msecs if the 1830 is busy. They are meant
to be used with manually activated switches, or with the
Compumotor Model 852 Joystick.
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EXT CLK (INPUT)

This input glves the user a way to provide a variable
frequency clock input to the rate multiplier via a command to the
{ndexer. A TTL signal is required at this input. The pulse
width of the resulting motor steps will be equal to the period of
this input.

PROCRAMMABLE OUTEUTs #1 and #2 (OUTPUT)
ACTIVE LOW OR HIGH

These outputs are user defineable outputs via commands to
the indexer, such as "set programmable output 1."

+5 VOLTS (OUTPUT)

Five volt supply. This supply voltage is connected to the
VMEbus +5 volts via a one ohm resistor, It is limited to 230
milliamps.

SHIELD

Connected to the frout panel chassis ground via a conduc-
tive shell on the auxilliary "D" coanector. Provides a SHIELD
GROUND point for external cables coning into the "D" bulkhead
connector without splitting that wire out, i1f that shield is not
grounded elsewhere.

ENCODER

The ENCODER connector is a 25-pin "D" header. All out-
puta are capable of driving twenty LS TTL equivalent loads,
unless otherwise noted, Inputs are two LS TTL equivalent loads
or less with 3.3 Kohm pullups and a 0.1 wmilcrofarad noise
filter capacitor to ground, unless otherwise noted.

CH. A+ and B+ (INPUT)

Refers to 90 degree out of phase gignals that are normally
provided by ilacremental encoders.

High impedance (100k ohm nominal) input from one phase of
a quadrature encoder signal. Normally a TTL level compatible
signal.
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CH. A- and B~ (INPUT)

High impedance (100k ohm nominal) input optionally connec-
ted to a complementary output of a quadrature encoder signal.
Should be left unconnected if this input is not used or not

required.

CH. z+ (INPUT)

Identical to CH. A+ (above) except that this input applies
to the HOME channel of the encoder signal.

CH. Z- (INPUI)
ENCODER-15

Identical to CH. A- (above) except that this input applies
to the HOME channel of the encoder signal.

HOME ENABLE  (INPUT)
ACTIVE HIGH

This signal is used with systems having Channel Z connected
to a rotary encoder, This input marks the encoder revolution in
which the HOME bit from CH. Z is valid.

This input 1is usually counnected to a normally closed limit
switch of suitable contact rating. This input is ghared with the
HOME LIMIT input on the AUXILIARY connector and therefore cannot
be used if the HOME LIMIT input on the AUXILIARY connector is

being used.

STEP OUT  (OUTPUT)
ACTIVE HIGH

STEP output from the quadrature detector. This output can
be used to monitor encoder pulses after the quadrature detector
has conditioned the quadrature laput signals. The encoder
circuitry is a times four detector, therefore, four pulses will
be geen for every line of the encoder. Pulses are nominally 229
nanogseconds wide with a maximum repitition rate of 4,37 MHz.

DIRECTION OUT  (OUTPUT)

DIRECTION output from the quadrature detector. This output
can be used to track the direction of the pulses coming out of
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STEP OUT (above), A switch on the 1830 board inverts the pola-
rity of this signal.

+5 VOLTS (OUTPUT)

This supply voltage 1s connected to the VMEbus +% wvolc
signal via a one ohm resistor. It {s limited to 250 milliampe of
current.

SHIELD

Connected to front panel chassis ground via o conduc~
tive shell on the auxilliary "D" counector. This liane provides
a shield ground polat for an external cable coming into the "D"
connector, {f that shield is not grounded at the encoder or
elsewhere,

MOTOR/DRIVER

A 25=pin "D" header. Qutputs are 3.7 volts nominal, 60
milliamp maximum sink ar source, short circult protected, unless
otherwise noted. Inputs are two LS TTL equivalent loads with 3.3
Kohm pullup vesistors and 0.l microfarad noise filter capacitors
to ground, unless otherwise noted. Returns for the following
outputs are differentially driven, they are not grounds, unless
othewlse noted.

STEP  (OUTPUT)
ACTIVE HIGH

Step pulse to Motor—-Driver, Pulse width {a a function of
chosen velocity range with wpinunum width equal to 229
microseconds at a maximum repitition rate of 2,18 megahertz.
Pulse width 1s always one half the period of the maximum
frequency out for the chosen  veloclty  Tange. {Velocity
ranges are a function of move definitlons aand of velocity-
streaming mode definitioms.)

DIRECTION  (OUTPUT)

This signal is high when motion in the CW direction 1is
expected and low when moticn in the CCW direction {s expected.

TTL, STEP AND DIEECTICN (O0UTPUT)

These signals are the same as STEP and DIRECTION excepl
that they atre LS TTL outputs.
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REMOTE SHUTDOWN (OUTPUT)
ACTIVE HIGH

Compumotor drives will turn off current to the motor’s
windings when this signal goes active. The return for this
ocutput is signal ground.

CW STEP (OUTPUT)
ACTIVE LOW

Same as STEP output except active ouly for clockwise mo~
tion, This output 1s intended for driving non—Compumotor drives.

This output is an open-collecter driver. A maximum pullup
voltage of 40 volts may be used and it will sink a maximum of 300
milliamps.

CcW STEP  (OUTPUT)
ACTIVE LOW

Same as STEP output except active only for counterclockwise
motion. This output is intended for driving non=Compumotor
drives.

This output is an open-collector driver. A maximum pullup
voltage of 40 volrs may be used and it will sink a maximum of 300
milliamps,

MOTOR/DRIVER +5 VOLTS  (OUTPUT)

This supply voltage is connected to the VMEbus +5 volt
signal via a one ohm resistor, It is limited to 250 milliamps of

current.

SHIELD

Connected to front panel chassis ground via a conductive
shell on the auxilliary "D" comnector. Provides a shield ground
point for external cables coming into the "D" bulkhead connec—
tor without splitting that wire out.

YMEbus Pl

This connector {5 the main VMEbus connector., All loading,
drive capabilities, and timing of signals on this connector
conform to the VMEbus specifications as outlined 1in the VMEbus
Manual Rev. B.” This publication is available from:
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Signetics Corporation
P. 0. Bqx %052

811 East Arques Avenue
Sunnyvale, CA 94086

Ask for publication SMMAN6000.  Chapters 2, 4, and 7 and Appen-
dices A, B, C, and E of the above publication describe in detall
the requirementa of all of the defined VMEbus signals on the Pl
connector. The following VMEbus signals are used on the 1830
Indexer Pl connector:

D01/ through DO7/ Eight bit data bus
A01/ thrﬁugh A23/ Twenty bit address bus
DSO/ and DSi/ Data strobe lines

AS/ Address Strobe

AMO through AMS Six address modifiers
WRITE/ READ/WRITE signal
IRQ7/ through IRQL/ Seven Interrupt lines
SYSRESET/ System reset line
DTACK/ Data transfer acknowledge
BERR/ Buss error signal
LWORD/ Long word signal

TACK/ Interrupt acknowledge
TACKIN/ Daisy chain IACK in
TACKOUT/ Daisy chain IACK out
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1830 COMMAND DESCRIPTIONS

Following is a 1list of the commands that can be issued to
the 1830 Indexer., Each of the commands is a single binary
byte (represented here by hex numbers), giving a maximum of 256
commands. You will note that not all of the commands have been
defined. Undefined commands will be ignored. Some commands
require additional bytes, called parameter bytes, 1in order to
completely specify the command.

Command list by command number (in bhex)
The format of the list of commands is (horizontally),
1.) the command number {in hex),
2.) the number of parameter bytes required (in hex), and

3.) the command”s definition.

Cmd Param Description

Null command, does nothing, page 69

00 0

0l 1 Interrupt "X", page 69

08 1l Write "Y' to the user defiuned status bits, page 69

09 l Set user defined status bit number "X", page 70

0A 1 Clear user defined status bit number "X, page 70

0B 1 Set programmable output bit number "X", page 71

0cC 1| Clear programmable output bit number "X", page 71

0D 1 Write "I" to the programmable output bits, page 71

113 3 Define bit "X" to indicate state "Y', page 72

10 | Disable/Enable the JOG inputs, page 74

11 1 Define JOG input functions, page 74

12 1 Turn off/on remote power shutdown, page 735

13 i Disable/enable the "remote shutdown in" bit, page 76

14 1 Set CW motion equal to +/-—, page 76

18 1 Turn off/on post-move position maintenance, page 77

19 1 Turn off/on move termination on stall detect, page 78

20 3 Repeat the following "X commands ™' times, page 78

21 1 Repeat the following "X' coumands until a CONTINUE is
received, page 79

28 1 Wait for a CONTINUE, page 79

29 4 Wait "X" milliseconds, page 79

ZA 2 Wait "X seconds, page 80

28 2 Wait "X" minutes, page B0

2C 2 Wait for TRIGGER "X" to go active, page 8l

2E 4 Define the absolute open—loop postion as "X, page 81

2F 4 Define absolute closed-loop position, page 82

30 0 Define present position as the absolute zero

position, page B2
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31 A Define default velocity & default acceleration, page 873
32 1 Perform the default move (trapezoidal continuous), page B4
33 4 Go to relative position "X at default veloecity and

acceleration, page 384

34 4 Go to absolute position "X" at default velocity and
accelaration, page 84

a5 4 Co to relative encoder position "X", page 85

36 4 Go to absolute encoder position X", page 85

33 4 Define HOME location (open loop), page 86

38 4 Define HOME location {clesed loop), page 89

39 1 Co HOME at the default velocity and acceleration, page 90

3A 3 Co to encoder HOME at the default velocity
and acceleration, page 91

40 1 Perform move nuamber "X", page 92

41 1 Perform sequence buffer "X, page 92

42 0 Perform the veloclty streaming buffer, page 92

48 0 CONTINUE {perform the next command), page 93

50 0 Enter open loop indexer mode, page 93

51 6 Enter velocity-distance streaming mode , page 93

52 8 Enter velocity~time streaming mode , page 95

70 0 STOP motion, page 97

71 0 Discontinue the sequence buffer, page 98

72 ¢ Suspend the sequence buffer; wait for a CONTINUE to
resume, page 98

73 0 Discontinue any singular command currently being per-
formed, page 98

74 3 STOP motion when TRIGGER "X" goes active, page 99

75 3 Discontinue the sequence buffer when TRIGGER "Y" goes
active, page 99

76 3 Suspend seq. buffer when TRIGGER "y goes active; wait

for CONTINUE, page 100

77 3 Discontinue any siagular command when TRIGGER "¥" goes
active, page 101

78 0 KILL motion, page 102

79 0 KILL the sequence buffer, page 102

TA 0 KILL current sequence singular command; walit for a
CONTINUE, page 102

7B KILL the velocity streaming buffer, page 102

0
7C 3 KILL motion whan TRIGGER "X" goes active, page 103
3

7D KILL the sequence buffer whem TRIGGER "X" goes
active, page 103

7E 3 KILL curreat sequence singular command when TRIGGER "X"
goes active; wait for a CONTINUE, page 104

7¢ 3 KILL the velocity streaming buffer when TRIGGER "y

goes active, page 105

80 0 Request position relative to the beginning of the cur=-
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rent move, page 106
81 0 Request position relative to the end of the current
move, page 106
82 0 Request position relative to the HOME limit
switch, page 107
83 o Request position relative to the abeolute
zero position, page 108
84 0 Request current direction, page 109
85 0 Request current velocity, page 109
86 0 Request current acceleration, page 110
88 0 Request current move status, page lll
B9 0 Request state of the limit switches, page 112
BA 0 Request state of the HOME iimit switch, page 113
8B 0 Request direction of travel, page 113
0 Request whether motor 1s moving or not moving, page 114
8D 0 Request whether motot is at constani, nonzero veloclity
or not, page ll4
8E 0 Requeat whether motor is or is not accelerating, page 115
8F 0 Requast whether motor is or is not decelerating, page 115
90 0 Requeat present mode, page 116
9] 1 Request move parameters for move number “X", page 117
92 i Request commanda atored in the sequence buffer, page 117
93 0 Request state of the move definicions (complete or
incomplete), page 118
94 0 Request state of the TRIGGER inputs (2-5), page 119
95 0 Request state of the JOG inputs, page 120
96 0 Request the astate of the Channel Z home input, page 121
97 0 Request the state of the programmable output bits, page 121
98 0 Raquest relative encoder count, page 122
99 0 Request relative error from desired
closed~loop position, page 122
9A 0 Request absolute encoder count, page 123
9B 0 Request slip detect status, page 124
9C 0 Request motor pulse to encoder pulse ratio, page 125
9D 0 Requesat motor resolution, page 126
9E 0 Request backlash sigm (mtor steps), page 126
9F 0 Request position maintenance alg., counst.,
and max. velocity, page 127
AD H Interrupt at the start of the next move, page 128
al 1 Interrupt at the start of every move, page 128
A2 1 Interrupt at constant nonzero velocity of the next
wmove, page 129
Al I Interrupt at constant nonzero velocity of every
move, page 129
A4 1 Interrupt at the next end of motion, page 130
A5 } Interrupt at every end of motiocn, page 130
Ab 1 Interrupt on next stall detect, page 130
A7 1 Interrupt on every stall detect, page 131
AB 1 Interrupt the next time the motor hits
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A9 1
AA 1
AB 1
AC 2
AF 0
BO 4
Bl 4
B2 4
B3 7
B4 4
B5 4
c8 E
CB E
GE B
D4 E
D5 E
D6 4
D7 14
D8 0
09 1
DA 1
EQ C
El E
E2 0
EE 5
FD 0
FF 0
Compymar

1830 Motor Controller

the + limit, page 131
Interrupt every time the motor hits
the + limit, page 132
Interrupt the next time the motor hits
the = limit, page 132
Interrupt every time the motor hits
the — 1limit, page 132
Interrupt on TRIGGER X" active, page 133
Inhibit all of the above Lnterrupts, page 133

Define motor pulse to encoder pulse ratio, page 133
Define motor resolution, page 134
Define backlash sigm (mtor steps), page 135
Define position maintenance alg,, const.,
and max. velocity, page 135
Define the number of rotor teeth, page 136
Define the deadband region in encoder pulses, page 137

Definemove"X,"asarelative trapezoidal move, page 138
Define move "X" as absolute trapezoidal move, page 139
Define move "X" as a coantinuous move, page 142

Define move "X," define it as a relative,
closed-loop move, page 143

Define move "X define 1t as an sbeolure,
closed~loop move, page 146

Define the start/stop velocity, page 148

Delete move "X", page 148

End definiton of sequence buffer, page 148

Begin definition of sequence buffer X", page 149

Delete sequence buffer "X, page 149

Place data into the velocity-distance buffer, page 150
Place data i{nto the velocity-time buffer, page 151
Request # of free bytes in veloecity-
streaming/sequence buffer, page 152
Define command to be executed during the velocity
streaming buffer, (or Define bogus velocity
streaming value), page 153

Request software part number and revision, page 154
Perform the test switch function, page 155
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Data Buffers (IDB and ODB, respectively) and commands and status
are transferred via the Control Byte and Status Byte (CB and SB,
respectively). Each pair of registers has its own address.
Data and commands are transfered on the even word (Al=0) location
and status and control are transfered on the odd word (Al=l)
location (See “"Installation, Configuration Switches" for more
information on board configuration.)

In each pair of registers a read will take information from
one register, and a write will put information into the other.
It is not possible to read a write register nor write to a read
register, In the 1830, the read registers are the ODB {Output
Data Buffer) and the SB (Status Byte); the write registers are
the IDB (Input-Data-Buffer) and the CB (Coutrol Byte).

All four registers are single byte registers. Many com-
mands to the 1830 and messages from the 1830 will be more than
one byte. In this case, commands are written by repeated writes
to IDB and measages read by repeated reads from ODE.

Motor Controller commands are single byte numbers in Cthe
range 0 to 255 (00 to FF hex) followed by 0 to 15 parameter
bytes. All commands are checked for the appropriate number of
paraneter bytes, and to see that those bytees are in the correct
range. Commands which are missing parameter bytes or have para-
meter bytes which are beyond expected values are ignored.

Example: The command "Perform move X" (40 hex) is a 2 byte

command.

Byte 1 ig the command byte.

Byte 2 1s the parameter byte telling which of the
50 possible moves is to be executed.

Bytes 3-15 are not defined and must be zeros if
included.

Note that this move must have been previously
defined for it to be performed.

1. Writiog commands to the 1830

Commands are written to the 1830 one byte at a time, with
handshaking via the control byte., Each data byte written is
followed by & control byte handshake, Transferring data to the
1830 is straightforward provided the following handshake proce-
dure is followed.

1) Read the SB snd check bit four, the IDB-Ready bit. If
this bit is set, go on to step two, otherwise repeat

this step.

2) wWrite the next hyte of the Motor Controller command
string into the IDB. If this is the last data byte of
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the command byte string, jump to Step 4.

3) Write to the CB and set bit four, the Byte—Ready—-In-
The-IDB bit. This indicates to the Motor Controller
that there is a command in the IDB, Bit two, the last
byte of command bit, should be zero. Now go back to
Step 1 for the next command byte.

4) Write to the CB and set both bits four and two, to
indicate that the last byte of this command string is
now ready.

Each time step three above is performed, the Motor Control-
ler will go to the IDB and read the command byte that the host
has placed there. The coatroller constructs a command string
from the bytes received. Following Step 4, the contraller reads
the last byte from the IDB and finishes the constructlon of the
command string. Commands are placed into a command buffer inter=
anal to the Motor Controller and are processed in sequential
order., Following 1s a flow chart {llustrating the above four
step procedure,
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v
/\ (e
/A
[ 18 \
/ bit no
!/ 4 of
/ the \
\ STATUS /
\ BYTE /
\ set [/
V1o
\ 7
\/
| yes
v
‘ place a command byte ‘

into the INPUT DATA BUFFER

I\
/A
/ 18 \
/ this \
/the last \
/byte of the\

\ command /
\ string /
\ /
\ 1/
\/
\N/
yes
no v
Write a one to both bits
four and two of the
couttol byte
This completes the command
v

write a one to bit four
of the CONTROL BYTE
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1830 Motor Contraller

Reading respouses from the 1830

Commands that require the 1830 to respond via the VMEbus
require an eight step handshaking process. The first four steps
are the same as For writlng to the Motor Coatroller, steps five
through eight result in the host reading the message in the ODB.
Following 1s a flow chart {1lustrating the eight step procedure.

1}

2)

3)

4)

5)

6)

7)

8)

Read the SB and check bit four, the IDB-Ready bit. If
this bit is set go on to step two, otherwise repeat
this step.

Write the next byte of the Motor Controller command
string into the IDB., If this is the last data byte of
the command byte string, jump to Step 4.

Write to the CB and set bit four, the Byte~-Ready-In-
The—IDB bit. This indicates to the Motor Controller
that there is a command in the IDB. Bit twe, the last
byte of command bit, should be zero. Now go back to
Step 1 for the next command byte.

Write to the CB and set both bits four aad twe, to
i{ndicate that last byte of this command string is now
ready.

Read the SB and check bit five, the ODB-Ready bit. 1If
thisa bir s set go on to step six, otherwise repeat
this step.

Read a message byte from the ODB. There will
always be sixteen bytes in the message, but only
the significant bytes need be read, the extra
bytes may be ignored, If this is the last byte
desired, jump to Step 8.

Write to the CB and set bit five the Message—Accepted-
From-The-ODB bit. Bit three, the last-message-byte
bit, should be zero. This will indicate to the Motor
Controller that a message byte has been read, and
that more are expected. Jump back to Step 3.

Write to the B and set both bits five and three.
Thiz indicates to the motor controller that the final
byte of the message 1t placed in the ODB for the host
has been read. If the Motor Controller has been
waiting to send additional messages to the host it
will do so then.

Following is a flowchart {llustrating the above handshake

sequence.
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1830 Motor Controller

v
J\ (e
/A
/ 18 \
J bt no
[/ 4 of \
/ the \
\ STATUS / i
\ BYIE /
\ set /[
V2oL
\/
\/
| yes
\J

place a command byte
into the INPUT DATA BUFFER

/A
/A
/ 18 \
/ thia \
/the last \
/byte of thel

\ command /

\j

to both bits

four and two of the
contrel byte
This completes the command

\ string /
\ /
\ 7/
\
\/ yes
no
Write a one
v

write a one o bit four
of the CONTROL BYTE

This completes writing the request command to the 1830 Indexer.
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The following sequence shows reading the 1B30”s response:

v
I\ =
/A
/ 1s \
] bit \ no
/! 5 0of \
/ the \_
\ STATUS /
\ BYTE /
\ set [
\1
\ /
\/
|
Y

yes

read a message byte from
the OUTPUT DATA BUFFER

|

v
/ \
/ 18\
/ this\
/ the \
/laat byte)
/ of the \
\ message /
\ to be /[
\ read /
o/
N/
\/
yes
I
v
no write a one to both
bits five and three
of the control byte
This completes the
message read
v

write a oune to bit five
of the control byte

l
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3. Command responses

When the 1830 sends a message to the host - relative motor
position, for example = it does so by making available up to
sixteen bytes to lis Output Data Buffer. 0f the sixteen bytes,
not all of them are necessarily significant. For example,
requesting the state of the Trigger bits nets a response only two
bytes long, the other fourteen bytes, 1f read by the host, would
be zerces. The extra bytes in a message to the host need not be
read: setting bit 3 of the Control Byte indicates to the 1830
that the message has been read, any bytes remalning of the pos~
sible 16 will be thrown away (not presented to the ODB.

C. Contrel Byte and Status Byte

The Control and Status Bytes {CB and $B, respectively)
provide the user with a window iato the 18307s operating condi-
tions. The CB establishes the conditions and the SB relates the
coaditions.

1. The Control Byte (CB)

The information controlled by the CB is,

BIT DEFINITION

bits O0=1 unused

bit 2 End of ecommand string

hit 3 Last message byte cead

bit 4 Command Ready in the IDB

bit 5 Message accepted from theODB
bit & Enable Interrupts

biz 7 Board Reset

Bit 2 is read by the controller only when biz 4 has bheen
get in the same write, TIF bit 2 1s set, it indicates to the
motor controller that the Einal hyte of a command string has heen
written, If bit 2 {s zern, there are more bytes remaining in the
striag to be sent.

Bit 3 18 raad by the controller only when bit 5 has been
wat in the same write. 1If bit 3 is set, it indicates to the
motor controller that the host has read the flnal byte of a
message byte string. Tf bit 3 is zero, the host expects to read
more bytes to complete the message read.

Bit 4, when get, tells the Motor Controller that a command
byte has been put into the IDB {Input-Data-Buffer) by the host.
The Motor Controller will then cleat bit 4 of the SB to indicate
that the INB is unavailable, read the data {n the IDB, and then
set bit & of the SB to indicate to the host that the IDB is again
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ready.

Bit 5, when set, tells the Motor Controller that a message,
which was previously placed into the ODB by the Motor Coatroller,
has been read by the host.

Bit 6 enables interrupts Erom the Motor Comtroller when
get. This bit must be set evea if the laterrupt switches are in
the "an" position on the the Motor Contreller board. Interrupts
are disabled upon power-up, and on each laterrupt acknowledge
ecycle asccepted by the motor controller,

Bit 7 rasets the Motor Controllev, Setting this bit 1s
equivalent to cycllng power to the board or activating the VMEbus

reset 1line.
2. The Status Byte (SB)

The information available to the host via the 8B is,

POWER~UP*
BIT STATE DEFINITION
hit O Cleared User defined status bit number O
bit 1 Cleared Uiser defined status bit number 1
bit 2 Cleared User defined status bit number 2
bit 3 Cleared Interrupt pending
bit 4 Set IDR Ready
bit 5 Cleared ODB Ready
bit 6 Cleared Interrupts enabled
biz 7 Cleared Fail

* power—up initlalization takes about one second to
complete,

Bits 0-2 are set and cleaved by commanda n8=0A (hex),
respectively. They may be used by the host to {ndicate a Motor
Controller status not directly supported by the 1830 command
language. For example, it is gometimes lmportant to know how
many moves have been made out of a sequence, The moves may be
loaded into the sequence buffer with the user defined status bils
gat and cleared at critical places Lla the sequence. Then the
hnst may read the status byte to see which of the user hits have
been set, f{ndicating where the Motor Controller is in the se~
quence., Bits 0-2 may also be programmed to raflect certaln
critical indexer status parameters such as woving/aot moving.
The OF (hex) command allows defintion of the specified bit (0-2)
to reflect one of several such conditions.
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Bit 3, wheun set, indicates that an interrtupt has occurred.
The type of intertupt may be deternined by looking at bits &4, 5,
and 7 of the SB. See the sections "Installation, Configuration
Switches" and "Programming, Interrupts" for wore detatls.

Bits & and 5 are set when their corresponding data buffer
fe ready: Bit 5 is set when the ODB contains a message byte for
the host, signalling the host to read the information it con-
tains: aad Bit 4 is set when the IDE is ready, telling the host
it may write f{oformation to the IDB.

Bit 6 of the SB reflects bit & of the CB. If bit 6 of the
CB is set {enabling interrupts), or has not been changed since
power—up, SB bit 6 will be set. When this bit 1s set, an inter-
rupt condition will cause a VMEbus iaterrupt. See the sections
“"Installation, Configuratfon Switches" and "Programming, Intec—
rupts" for more details.

Bit 7, when ser, tells the host that the Motor Controller
has detected an internal failure from which it caanot recover.
The only way to clear this bit is to reset the Motor Controller.
This may be done by 1.} setting the reset bit {(7) tn the command
byte, 2,) cycling power to Che Motor Contraller, or 3.) acti~
vating the VMEbus reset line. Motor Controller outputs are in a
high impedance state when the unit fails, so no pulses will be
output to the motor. Exercising the test-switeh function (FF
hex) will also set this bit.

D. Interrupts

The 1830 Motor Controller has the capacity to Interrupt the
host on a variety of coanditfons. Commands Ol and AQ0-AF (hex)
control these conditions, along with configuration jumpers
switches 52-2,3,4. Any command that causes an Ianterrupt to be
gent to the host does so via the Message ready interrtupt. Selec—
tion of interrupt switches 1s outlined in the section "Installa—
tica, Configuration Switches.”

There are three basic¢ interrupts:

Interrupt Jumper Status Bit
Input ready (IR} §2-3 4
Message ready (MR) §2=-2 5
Control ler failed (CF) §2~1 7

The Input tready (IR) interrupt signals the host that the
1830 is ready to accept data into its IDB. This interrupt is
activated by turning $2-3 on and enabling interrupts by setting
bit 6 of the Command Byte., Whenever these conditions are met and
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the IDB Ls empty, an interrupt will be generated on whichever
YMEbus line has been selected by switches 56-1,2,3 (Refer to the
seczion "Installazion, Configuration Switches.")

This interrupt may be used whenever it {8 necessary to
write to the Motor Controller in quick succession, such as when
using the Velocity Streaming Buffar, and you don"t want to con=
stantly read the Status Byte to see {f the IDB is ready. To clear
the condition which generated the interrupt, you must set bit
four of the CB, indlcating to the 1830 that you have pul some-
thing lato its IDB, Beware, however, that if you haven't written
to the IDB the 1830 will try to interpret whatever may be in the
buffer as a commaand, This will give you unpredictable results.

The Message ceady (MR) Lnterrupt signals the host that a
message byte for Lt has been placed in the ODB. The host will
chen be interrupted whenever requested information hag been pre-
pared, or when an interrupt condition, defined by commands AO-
AFh, occurs. The host should thea read the ODB, and interpret
the intercupt.

1f the condition which caused the interrupt was a responss
to a request from the host —~ such as a request for position
information or Motor Controller status - the host’s operating
gystem should check the received information to see if it is what
was expected. This is done by iaspecting the first byte of the
raturned Linformazion., This byte has the same hex value as the
commaad byte which was sent to the Motor Controller for the
purpose of causing the interrupt. For example, if command 80
(hex) (request position relative to the beginning of the curraat
nove) is given, rhe flrst byte of the positfon information will
be 80 (hex), followed by the positioa data, The condition which
genarated this Interrupt is cleared by setting bit five of the
Control Byte,

The Fail intercupt indicates to the host that the Mator
Controllar is suffering Erom an internally detected allment from
which 1t cannot recover. When failed, the Motor Coantroller puts
all of itg outputs into a high-impedance state which stops all
motor motinn., The {interrupt is caused by the activation of a
nardware cirecult called a Watchdng Timer, 1f thig device iz not
"fed" every 8o often by normal operation of the code, it will
cause a hard reset of the 1830. The only ways to recover from
this condition are to set bit seven of the Coatrol Byte, reset the
en-ire VMEbus, or cycle board power, all of which cause
previously set move parameters and commands to be lost.

The 1830 La an interrupt requestor, and will respgond to
VMEbus intercupt acknowledge cycle as defined in the VMEbus
specification. Spacifically, when the 1830 recelives the
IACKIN/signal, it will pass the signal to TACKOUT/(daisy down)
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unless both of the following conditions are true.

1. The interrupt level beilng acknowledged, as decnded from
address lines Al-A3, matches the interrupt level of the
1830, as selected by switches §6-1,2,3

2. The 1830 is requesting an iaterrupt. The 1830 will
request interrupt if one or more of switches 32-1,2,3
are on, and Iaterrupts have heen enabled via Control
Byte bit 6, and the appropriate intercupt condition 1n
the 1830 is true.

If both of the above coaditions are true, the 1830 will not
pass the IACKIN/signal to IACKOUT/, but will tespond to the
interrupt acknowledge by placing the STATUS/ID byte on the
VMEbus. The value of 1ts STATUS/ID byte is selected via switches
S5 numbers 1-8. Refetr to the section "Installation, Configura-
tion Switches." It is important to note that the Intertupt
Enable bit in the control byte (bit 6) is automatically cleared
by the interrupt acknowledge eycle. Part of the host™s i{ntarrtupt
service routine should be to re—enable interrupts, if interrupts
are still desired, by setting bit 6 in the control byte.

Some interrupt programming tips

Interrupts are very often desirable and at the sane time
hard to implement! Following are some of the things Compumotor
has learned in using the 1830 since its introduction.

First of all, concerning intertupts and the 1830: it is a
good practice to save the desired state of the 1interrupt enable
bit (Control Bit 6), since the interrupt enable bit is always
automatically cleared on the host iaterrupt acknowladge cycle.
Bit 6 of the Status byte reflects the current state of the lnter—
rupt enable bir, not necessarily the most recent value written by
the host. Thus, before you write to the CONTROL BYTE you should
check the state of this saved state, Let me {llustrate with an
assembly language program written for the 8086/88. The few lines
below will accomplish setting the "Command Ready in the INPUT
DATA BUFFER" bit in the CONTROL BYTE {CONTROL BIT four). {The
examples below are not meant to be efflalent or elegant, but
gimply 11 lustrative.)

dseg
STATE: dbs 1 ;reserve a spot for the status byte
cseg
. ihera we have completed writing an
. 11830 command string to the INPUT
. ;DATA BUFFER
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Now we will set the "Command Ready" bit {n the CONTROL BYTE to
l1et the 1830 know we have a command for it to read In the INPUT
DATA BUFFER.

mov al,#010H ;data to set the "Command Ready" bit
emp STATE,#0  ;see 1f 1830 interrupts ahould be enabled
4z disabled ;jump 1f 1830 interrupts should be disabled

or al,#040H ;set the interrupt enable bit also
disabled: out CONT,al shit the "Command Ready" bit

When we hit bit four of the CONTROL 8YTE the 1830 received an
intecrupt telling it to go read the command in the INPUT DATA
BUFFER., Currently the "INPUT DATA BUFFER available” bit in the
STATUS BYTE (STATUS BIT four) is zero, which means the INPUT
DATA BUFFER i{s not available. In about one millisecond the
buffer will become available, and we may send another command
at that time. (Buffer availability {s indicated by STATUS

BIT four.)

wh Wl W we e W had W

The above {llustration works on the assumption that someu-
here else in the program the variable STATE is being changed to
reflect the desired current state of the 183078 intecrupt enable
bit. At the time that STATE is changed the interrupt enable bit
would also be changed. Below I'11 1il1lustrate changing the value
of STATE and the state of the intertupt enable bit for both
casas, enabling i{nterrupts and disabling interrupts.

dseg
STATE: dbs 1 sreserve a spot For the status byte
cseg
- ihere we have completed writing an
. :1830 command string to the INPUT
. :DATA BUFFER

Now we will set the "Command Ready" bit ia the CONTROL BYTE to
let the 1830 know we have a command for it tn read in the INPUT
DATA BUFFER.

pushf 1gave the state of the host interrupt Elag
elf ;disable host interrupts

mov al,#D10H ;dsta to set the "Command Ready" bit

cmp STATE,#)  jsee if 1830 ifaterrupts should be enabled
jz disabled ;jump 1f 1830 interrupts should be disabled

or al,f040H ;set the intarrupt enable bit also
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disabled: out CONT,al ;hit the "Command Ready" bit

popf ;reenable host interrupts

pushf 1gave the host interrupt flag
cli ;disable host interrupts

mov STATE,#O0f fH ;get readytoenable 1830 interrupts
mov al,#040H tat the 1830

out CONT,al ;enable 1830 interrupts

popf ;enable host interrupts

pushf ;save the host interrupt flag
cli ;disable host interrupts

mov STATE,#Q00H ;get ready to disable interrupts
mov al,fO00H ;at the 1830

out CONT,al ;disable 1830 interrupts

popf senable host interrupts

As you can see, these routines restore the prior state of
the interrupt flag with the "popf" instruction and also that host
interrupts were disabled upon entering the routines with the
“pushf”, "eli” instruction sequence. On some processors the host
interrupt flag is not so easily manipulated. In a background
routine you might choose to use the "a14i", "sti" instruction
sequence aince the state of the host interrupt flag should be
known at all times there,

In some situations you may wish to have 1830 interrupts
always enabled. In this case, the host interrupt setvice routine
should re~enable 1830 interrupts because the host interrupt
acknowledge cycle will automatically disable 1830 interrtupts.

E. Command Modes
l. Programming Modes

The 1830 has two basic operating modes: indexer and veloc=
ity Streaming. Each of these nodes may be further divided into
two "sub-modes.”

Indexer mode allows individual executiom of commands such
as preset-distance moves and position reportbacks, or those com—
mands may be executed sequentially by putting them into a sequen-
ce buffer. Individual commands have attributes {described below)
which allow or disallow a given command”s execution either inside
or outaide of a segquence buffer.

The two sub-modes for Velocity Streaming wmode are Velocity-
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Time Streaming and Velocity-Distance Streaming. These modes give
the user great flexi{bility in controlling motor motina by allow—
ing him (her) to specify the motor velocity for either fixed
periods of time or distance.

a. Indexer Mode

The Motor Controller is put into Indexer mode upon power up
or ceceipt of the command Enter open—loop indexer mode (50h).
When in this mode the Motor Controller may be {astructed to
axecute moves of a preset distance - relative Cto the current
position or an absolute position - or constant velocity, or allow
operatioa of the Compumoter 852 Joystick (commands 10h and 11hd

In Indexer mode the host must define a move hafore 1t may
be executed. A move may be defined as relative, absolute or
continuons. Relative and absolute moves are of a preset distance
at a preset veloclty and acceleratlion. The absolute posliion
reference may be defined by command 30h.

Coatinuous moves are executed at a preset velocity and
acceleration., Ouce started, a continous wove will continue wntil
killed (78h), stopped {(70h), or the motor encountars an end of
traval limit. This contraats relative and absolute preset moves,
which will end after a given distance.

The acceleration parameter specified for any of these moves
is a linear acceleration from the starting veloelty Lo the termi-
nal velocity. The acceleration ramp is updated every two milli~
secondg to provide smooth motor response.

The velocity specified for a preset move {s the maximum
velocity Ear that move, A trapezoidal move consists of three
parts: an accelaratlioa tamp, 2 period of comstant velocity, and a
decelaratlon ramp., The acceleration and deceleration ramps will
always be the same for preset moves, but may be vrespecifled for
gach change in velocity of a constdnt velocity move., The con-
scant velocity portion of a praset move has zero time allowed for
tt Lf the average velocity (distance move total/time move total)
{s more than half the specified move velocity.

Presat moves are performed with no overshoot or creeping up
to the end polnt of the move., Pulses are cul off as sonn as the
presat number of pulses has been {3sued.

All move parameters are specified in motor pulses per unit
time for velocity, per unit time squared for acceleration, and
pulses of distance. This allows any motor resolution to be used
without any sort of motor selection configuration jumpers or
commands that would let the 1830 know what resolution the motot
{s: It does nat need to know.
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A command has been included to allow the setting of a
start/stop velocity (D6h). This allows use of 200/400 step
motors without worrying about their resonant characteristics
(which could stall the motor at low velocities.) Compumotors
accelerate smoothly through all allowed velocity ranges.

b. Velocity-Streaming Mode

Velocity~streaming mode, once entered, allows the host to
specify absolute motor veloecity with reference to user—def ined
unics of time or distance. This way, the user may create custom
acceleratioa ramps (such as a parabolic curve that will compen=
sate for reduced motor torque at high velocities) or move pro-—
fiies. Inter-axial coordinated motien suitable for contouring
may then be accomplished, or the motor may be made to follow a
gensor whose output is read and interpreted by the host.

The data loaded into the veloeity streaming buffer may be
used only once, It {3 then lost.

Por example: Suppose you need to move a standard Compu=-
motor one revolution in 100 milliseconds. This requires an
average acceleration of 400 revolutions per second squared, and a
maximum velocity of 20 revolutions per second. 1If a linear
accelerarion ramp is used, the acceleration will have to be set
to what the motor can achieve at maximum velocity. This is less
than what it can do at lower velocities, so the move may not be
possible in the time allowed, unless the acceleration Is tapered
off at the high velocities. A parabolic acceleration profile
will give the motor a high acceleration at low motor velocities,
and then lower it as the motor™s velocity increases.

The following series of steps outlines a 25,000 pulse move
(approximately), using the velocity-time streaming mode. These
steps are fundamentally the same for both velocity=time streaming
and velocelty-distance streaming,

Step l. Issue the command to enter velocity-time streaming, along
with the requisite parameters.
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Command: 52 Enter velocity-streaming mode
(in hex) Ol base frequency = 4.3690667 Mhz
04 divide base frequency by & for effective clock
g0\
Qo \ buffer empty alarm value = 0 bytes
00 /
o0 /
00 \ vrate = 2 milliseconds
02/

Notes: The above command tells the 1830 to enter veloeity-
time streaming mode with a base frequency of about 4 Mhz, which
will be divided by four for a one Mhz effective clock frequency.
The highest frequency available for output is one-~half of the
effective clock frequency. The buffer alarm is set to send a
message to the host when the velocity-streaming buffer is com=
pletely empty (the following routlne should fit easily into the
velocity-streaming buffer 1n one plece). The rate at which the
motor velocity is updated is set to 2 militiseconds, for a very
smooth motion profile.

Stap 2: Find out the size of velocity=-streaming buffer,

Command: E2 Request number of free bytes
(in hex)

Notes: This step causes the 1830 to tell che host the
amount of free space in its velocity-streaming huffer, and is Iin=-
cluded hera for your reference, since the following data should
fit easily into the buffer, which 1s about 3000 decimal bytes

long.

Step 3: Load the pre-calculated data into the velocity—-time
streaming buffer {until full; see step 2).

Command: EIl Command name (load the v=s buffer)
(in hex) 07, 2E, OF, 11, 14, A%, 1A, F7, 20, F9, 26, 80, 2C, IC
Parameter bytes

Command: El Command name
(in hex) 31, 3D, 36, 13, 34, 98, 3E, DE, 42, D3, 46, 7D, 49, DC
Parameter bytes

Command: El Command name
(in hex) 4C, FO, 4F, B8, 52, 36, 54, 69, 56, 51, 57, ED, 59, 3F
Parasetaer bytes

Command: El Command name
(in hex) 5A, 46, 5B, QL, 5B, 72, 5B, 97, 58, 72, 58, 01}, SA, 46
Parameter bytas
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Command: EIl Command name
(in hex) 59, 3%, 57, ED, 56, 51, 54, 69, 52, 36, 4F, B8, 4C, FO
Parameter bytes

Command: El Command name
(in hex) 49, DC, 46, 7D, 42, D3, 3E, DE, 3A, 9E, 36, 13, 31, 3D
Parameter bytes

Command: E!l Command name
(in hex) 2¢, 1C, 26, BO, 20, F9, 1A, F7, 14, A9, OE, 11, 07, 2E
Parameter bytaes

Command: EIl Command name
(in hex) 00, 00, 00, 00, 00, 0O, 00, 00, 00, 00Q, 00, 00, 0O, 00
Parameter bytes

Notes: The above commands load the veloci{ty-time streaming
buffer with a parabolic move profile which goes from zero to
375.632 Khz (15 RPS in a standard Compumotor) and back to zero in
100 milliseconds, and moves about 25,000 steps in so doing.
There are 50 parameter byte pairs; at two milliseconds per pair,
that gives us 100 milliseconds to execute the entire sequence.

Step 4: Initiate buffer execution,

Command: 42 Perform the sequence buffer
{in hex)

Step S: Wait for the message from the 1830 which indicates that
the buffer has been completed {actually, the buffer empty alarm).
The message will begin with 52 (hex), the command which caused
the message to be sent.

The preceding example {llustrates how to use velocity-time
streaming. You will note that the distance the motor travels
while the 1830 is in this mode cannot be guaranteed, as the Motor
Controller is more councerned about time than distance. It does,
however, attempt to give realistic informatfion ultimately resul-
ting in a very high acceleration 25,000 pulse move. To assure a
move of the proper distance, the velocity-distance streaming mode
should be used. For more information coacerning the commands
used above, see "Summary of the Commands.”

Bogus Velocity Values

The EE (hex) command, "Define command to be executed during
the velocity streaming buffer,” allowa some commands to be exe-
cuted while streaming user data. This is done by specifying a
aspecific velocity that will correspoad to a specific command.
The velocity is then never executed, the specified command is
executed instead, The restrictions are that the command must

Compumotor Corporation 1/15/85 Page 41

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



PROGRAMMING 1830 Motor Coutroller

have no more than two parameter bytes and must be VALID-concur~
reat—with-~-VELOCITY-STREAMING., Obviously, a velocity value of
zero caanot be used because the motor could then never come to
rest.

Examples of the commands which could be executed while the
velocity-streaming buffer is being executed are:

08 Write to the user defined status bits

09 Set user defined status bit

OA Clear user defined status bit

OB Set programmable ocutput bit

0C Clear programmable output bit

70 Stop motion

7C¢ Kill wmotion when trigger X goes active

81 Request current position

89 Request state of the limit switches

8A Request state of the home limit switch

8B Request direction of travel

8C Request whether the motor is moving or not
94 Request state of the trigger inputs

A9 Interrupt on hitting the "+" limit switch
AA Interrupt on hitting the "-" limit switch
AC Interrupt on trigger X active

Suppose you would like the indexer to let you know when it
has finlished a certain portion of the velocity streaming data you
have given it. To do this you might use the velocity FF FF as
your bogus velocity value. This means that anywhere the velocity
FF FF is found in the velocity-streaming buffer the motor will
not be told to go to that velocity, rather, the command
associated with that velocity value will be executed.

For example,

EE command name

FF M5B of velocity

FF LSB of veloclity

09 Set user defined status bit

02 Status bit three

00 Not needed for data, but must be preseat

The above command would signal the 1830 to det user status bit
anumber three each time the velocity FF FF is ancountered in the
velocity streaming buffer. The example could be easily nodified
to clear the user-defined status bit instead of setting it. Then
the selected bit could be toggled on and off to indicate the
status of the execution velocity-streaming buffer.

Up to ten special or bogus vaeloclties may be defined.
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2. Command Attributes

The 1830 Motor Controller’s commands each have six possible
attributes:

SINGULAR

VALID={n-INDEXER-mode
VALID=-in=-VELOCITY-STREAMING-mode

VALID-within—-a-~SEQUENCE-buffer

VALID-concutrent—with=SEQUENCE-buffer—-execution
VALID=concurrent=with~VELOCITY-STREAMING

The attributes tell under which conditions a given command
aay be performed. They are not necegsarily mutually exclusive:
any command may have more than one of the attributes, but it may
not have all of them. SINGULAR commands, for example, may not
have the attribute VALID-concurrent—-with=-VELOCITY=STREAMING.

3, Explanation of the attributes
SINGULAR

Any command with this attribute may not be executed while
another one having the same attribute is being performed. TFor
example, the Motor Controller will not wait for a trigger bit to
go active (2C hex) while performing a move (40 hax).

SINCULAR commands may not be exacuted while the SEQUENCE
buffer 1s being performed and so cannot have the attribute VALID-
concurrent=-wit h-SEQUENCE~buffer—execution. Commands not having
the attribute STNGULAR may be executed while SINGULAR commands
are being executed.

VALID-1in~INDEXER-mode

A command muat have this attribute to be performed outside
of a sequence buffer while the 1830 is in indexer mode, This
attribute does not exclude a command from being placed into &
sequence buffer, nor does it preclude the command’s use while in
the velocity streaming mode.

VALID~1in-VELOCITY-STREAMING-mode

This attribute 1s very similar to VALID=in-INDEXER-mode.
These comaands may be performed when the 1830 is in velocity
streaming mode. This does not exclude the possibilty of the
command™s use in indexer mode.
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VALID-within-a~SEQUENCE~buffer

This attribute allows a command tc be performed 1aside
a sequence buffer, but does mot exclude its executlion outside
of a sequence buffer. Attempting to place a command without
this attribute into a sequence buffer will cause the command to
be ignored.

VALID-concurrent—with-SEQUENCE-buffer—execuﬁion

This attribute 1s a kind of "sub attribute” to VALID-in-
INDEXER-mode, Commands having this attribute may be performed
outside of a sequence buffer while a sequence buffer is belng
performed, A coumand cannct have this attribute and the attribute
SINGULAR, be cause a SINGULAR command cannot be performed
outside of a sequence buffer during sequence buffer execution.
This attribute doas not exclude a command”s use inside of a
sequence buffer or in velocity streaming mode.

VALID—concurren:-ui:h—VELOCITY*STREAHING

This attribute is similar to VALID=concurrent-with—
SEQUENCE-buffer—execution. It 1is a Y"gub attribute,” to VALID~in-
VELOCITY-STREAMING—mode., Commands having this attribute may be
performed while the velocity atreaming buffer 1s being performed.
This attribute does not exclude a command’s use in indexer mode.

F. Command Language Syntax

A command coansists of up to sixteen bytes: a single com=-
mand byte followed by up to fifteen parameter bytes, Some com=
mands tequire no parameter bytes and some require all fifteen of
them, with many requiring at least one. A command reguiring
parameter bytes must have the cotrect number of parameter bytes
(as specified in the Command Language), and they must be in the
correct range, or the command cannot be interpreted.

Untequired parameter bytes may be filled with zeros., Using
any other character will cause the command to be ignored. For
axample, "perform move number 5" can be written to the 1830
indexer (in hex numbera)

as,

40, 03

or as,
40, 05, 00, 0O, 00, 00, 00, 00, oo, 00, 0O, 00, 00, 00, 00, 0O0.

Both strings will accomplish the same result., (In actual use,
the user would follow the loading of gach byte of this command by
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setting bit 4 in the Control Byte and by setting both bits 4 and
2 of the Control Byte following the last byte of the command.
See "Programming, Control and Status Bytes"” for more informa-
tion, )

The following format is used to describe the 18307s commands,

X Y whaere ¥X is the command name and Y is the number
of required parameter bytes (in hex).

Followed by each of the required parameter bytes (if any), in
hex.

AA  Written here will be an explanation of each of the
BB required parameter bytes.

CcC

DD

- .
LN}

FF There may be as many as_fifteen required parameter bytes.

G. Advanced Peatures

The Model 1830 Indexer has some features which make it very
powerful and yet easy toc use. The ability to predefine moves and
then to string them together in a sequence are two examples.
Move zaro is another, but in a different vein,

1. Pre—defined Moves

Instead of i1ssuing new move parameters each time a dif-
ferent velocity, distance or acceleration is needed, pre-defined
moves allow the user who knows his/her uneeds in advance to pre-
pare ahead of time. Up to 64 moves may be pra—defined, and rhose
movas may be of a preset distance or continuous, relative to the
current motor position or relative to an absolute position.

1f, for example, your application always requires a one
revolution move, a two reveolution move and a three revelution
move, these could be pre-defined. Command CB (hex) allows defi-
nition of moves having a preset distance, velocity and accelera-
tion. Here is an example of how it is used., The numbers are in

hex.
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c8 Command name
12 Number of move {40 maximum)
00 Velocity and acceleration ranges (Compumotor standard)

00\

04 \ Velocity = 262,144 pulses/second
00 /

00 !

aQ

04 \ Acceleration = 262,144 pulses/second
00 /

00 /

o\

00 \ Distance =~ 25,000 pulses

61 /

A8/

Once the movae is defined it may be executed by referring to 1t by
number. The command to do this 1s 40 (hex) "Perform move nunber
“Xx", To use {it,

40 Command name
12 Command number,

A move remains defined until it is redefined or until the indexer
is reseb

The advantage of belng able to quickly specify which move
is needed is an obvious advantage of having the move predefined.
Another advantage 1s that the move gets underway ia less time.
When the move is pra~defined it is also pre~calculated. This is
to say that all required caleulationa regarding the move profile
are done in advance. Some indexers require as long as 30 milli-
seconds to calculate moves. Because the 8088 amicroprocessor hag
a divide instruction it can do it in less than half that time.
But when pre-defined moves are used motor motion will begin
within five milliseconds of receipt of the command. The tinme
savings netted by using pre—defined moves can mean the difference
between making the move in the required time and not making the
move, especially when the time allotted for the entire move is
under one-half second.

2. Sequence Buffers

Sequance buffers allow amplification of effort. They allow
the listing of commands for executiom from a single command. In
its simplest form, as sequence buffer conaists of a list of
commands which are to be repeatedly performed in sequence, The
commanda can be move commands, of course, but alsoc the user=
defined status bits may be set or cleared, the programmable
output bits may be manipulated, series of commands may be put in
loops and execution of the saquence may be halted to walt for the
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occurrance of an external trigger.

An example of how to define a sequence buffer is,

D9 Begin sequence buffer definition
08 Number of the sequence {13 paximum)

40 BExecute a predefined move
12 Move number 12 (hex)

0B Set programmable output bit
01 Output bit number one

40 Execute a predefined move
05 Move number 05 (hex)

0C Clear programmable output bit
0l ODutput bit number one

20 Repeat the following (this command starts a loop)
03 ==~ three commands

00 == fifteen times

oF -

40 Execute a predefined move (first part of the loop)
08 Move number 08 (hex)

2A Wait (second part of the loop)
02 === for two seconds

D8 End sequence buffer definition

The sbove example would define a sequence to be executed
upon receipt of a single command, 41 {hex) "Perform a sequence
buffer”. You'll notice that pre—defined wmoves can be ugsed in a
sequence. This saves memory space. Even though up to fifteen
sequence buffers may be defined, they all have to fit into a
fixed amount of available memory Bpace. By using pre~defined
moves less of that memory space is used up in defining commands.
Also, any sequence can call on any pre=-defined move: pre~defined
aoves are not limited for use with a single sequence buffer,

Sequence buffers are lost when velocity streaming mode is
entered. Room can be made available for new sequences, however,
by deleting old sequences with the DA (hex) command, "Delete
sequence buffer X". The sequence buffer space is about 1000

decimal bytes long.
3. Move Zero

Move zerc may be thought of as the unsung hero of the pre-—
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defined moves. This 1s the move that uses the default accelera-
tion and velocity defined in coumand 31 (hex). Move zero may be
called using commands 33 and 34 (hex) which are the "Go to rela-
tive position X", and "Go to absolute positiom X", respectively.

Move zaro cannot be called by the "Perform move X" command.

H. Einds of Commauds

The 1830 Motor Controller has several basic types of
commands. some commands allow definition of move parameters and
other variables, some allow control of Input and Output, while
others effect motor motion or stop motor motion, The conmands
listed below are categorized and cross referenced by their
i{ndividual funccrions. All 1830 commands are listed below, For a
numarical listing see Appendix A.

Definition Commands

The definition commands allow specification of move
parameters-—velocity, acceleration, distance, direction--closed
loop positioning paramaters such as gain and encoder resolution,
ag well as the 11sts of commands which makeaup sequence puffers
and velocity-streaming buffers.

The Definition commands are,

Command Description
QF pefine bit "X" to indicate state "Y"
11 Define JOG input functions
14 Set CW motion equal to +/-
30 Define preseant position as the absclute zero position
31 Define default velocity & default acceleratlon
BO Define motor pulse to encoder pulse tatio
Bl Define motor resclution
B2 Define backlash sigma {motor steps)
B3 Define position maintenance alg., comst.,
and max. velocity
B4 Define the number of rotor teeth
B5 Define the deadband region in encoder pulses
c8 Define move "X," as a relative trapezoidal move
18] Define move "X" as absolute trapezoidal move
CE Define move "X" as a continuous move
D4 Define move "X," define it as a relative,

closed~lcop move
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DS Define move "X," define it as an absolute,
closed~loop move

Dé Define the start/stop velocity

D8 End definiton of sequence buffer

D9 . Begin definition of sequence buffer ny

Iaput/Output Commands

Input/Output commands (alsoc referred to as I/0) commands
allow the 1830 to communicate with the putside world. The
wrrigger" inputs allow the 1830 to hold executlon of a sequence
of commands until some external event takes place. The
programmable outputs provided on the 1830 allow 1t to signal
other devices that it is ready (ot not ready) at any given time,
The 1830 alsoc has a jog function, the ability to shutdown the
motor in response to a hardware {nput, report commands for 1/0
status and the ability to stop motion, all controllable via the
1/0 commands

The Input/Cutput commands are,

Command Description

0B Set programmable output bit number " *

0C Clear programmable output bit number "X"

oD Write "X" to the programmable output bits

10 Disable/Enable the JOG inputs

11 Define JOG input functions

12 Turn off/on remote power shutdown

13 Disable/enable the "remote shutdown in" bit

2C Watlt for TRIGGER "X" to go active

74 STOP motion when TRIGGER "X" goes active

75 Discontinue the sequence buffer when TRIGGER “X" goes
active

76 Suspend seq., buffer when TRIGGER "{" goes active; wait
for CONTINUE

77 Discontinue any singular command when TRIGGER X" goes
active

7C KILL motlon when TRIGGER "X" goes active

7D KILL the sequence buffer when TRIGGER "X'" goes active

7E KILL current sequence singular command when TRIGGER &
goes active; wait for a CONTINUE

7¥ KILL the velocity streaming buffer when TRIGGER “x"
goes active

89 Request state of the limit awitches

8A Request etate of the HOME limit switch

94 Request state of the TRIGGER inputs (2-5)
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95 Request state of the JOG inputs

96 Requaest the state of the Channel Z home input

97 Request the state of the programmable output bits
AR Interrupt the next time the motor hits the + limit
a9 Interrupt every time the motor hits the + limit
AA Interrupt the next time the motor hits the — limit
AB Interrupt every time the motor hits the - 1imit

AC Interrupt on TRIGGER "X" active

Interrupt Commands

One of the 183078 moat powerful features {s its ability to
interrupt the host on a variety of conditions. Provided the host
has software implemented to respond to the interrupts, the host
can ignore the 1830 for the majority of the time, lecting the
1830 take care of the drudgery of moving the motor. When the
host requires information from the 1830, the 1830 can be
programmed to interrupt the host.

The Interrupt commands are,

Command Description

o1 Iantertupt "X"

AQ Interrupt at the start of the next move

Al Interrupt at the start of every move

A2 Intarrupt at constant nonzero velocity of the next move
A3 Interrupt at constant nonzero velocity of every move
Ad Interrupt at the next end of motion

AS Interrupt at every end of motion

AbB Interrupt on next stall detect

A7 Interrupt on every stall detect

A8 Interrupt the next time the motor hits the + limit
A9 Interrupt every time the motor hits the + limit

AA Interrupt the next time the motor hits the = limit
AB Iaotervupt every time the motor hits the - limit

AC Intetrupt on TRIGGER "X" active

AF Inhibit all of the above Lnterrupts

Kill Cowmands

Kill commands are a way to stop the motor in an uncontrolled
but immediate fashion. Note that position may be lost 1f a Kill
command 1s used, unleas an encoder is being used. Repeatable
stops may be made only from a very low valocity when the Kill
command 18 used. The Stop commands provide for a controlled,
repeatable stop.
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The Kill commands are,

Command Description

78 KILL motion

79 KILL the sequence buffer

7A KILL current sequence singular command; wait for a
CONTINUE

7B KILL the velocity streaming buffer

7C KILL motion when TRIGGER "X" goes active

7D KILL the sequence buffer when TRIGGER "X" goes active

7E KILL current sequence singular command when TRIGGER """
goes active; walt for a CONTINUE

77 KILL the velocity streaming buffer when TRIGGER X"

goes active
Loop Commands

See the Repeat commands.

Move Commands

The move commands initiate motor motion. Moves which are
continuous (no defined end point) or of a fixed length may be
commanded, as well as go home sequences which cause the motor to
go in search of a home input sensor. The moves commanded may be
defined as they are executed or they may be predefined. The
predefined moves may alsoc be loaded into & sequence and executed
at the behest of a single command.

The Move commands are,

Command Deseription

32 Perform the default move (trapezoldal continuous)

33 Go to relative position "X" at default velocity and
acceleration

34 Go to absolute positiom "X" at default velocity and
acceleration

35 Go to relative encoder position "X"

36 Go to absolute encoder pesition "X"

38 Define HOME location and final search parameters

39 Go HOME at the default velocity and acceleration

3A Co to encoder HOME at the default velocity

and acceleration

40 Perform move number "X"

41 Perform sequence buffer "X"

42 Perform the velocity streaming buffer

48 CONTINUE (perform the next command )
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Other Commands

These commands do not fit nicely into any category. These
commands provide switching between the various modes the 1830
offers and to control the user defined status bics 1in the Status
register. They also allow the termination of sequences in
execution. Note that terminating a sequence does not ensure that
the motor will stop, To stop the motor, execute either a Stop or
Kill command.

The Other commands are,

Conmand Description

0o Null command, does nothing

08 Write "X" to the user defined status bits

09 Set user defined statua bit number "y

0A Clear user defined status bit number "X"

30 Enter open loop indexer mode

51 Enter velocity-distance streamilng mode

52 Enter velocity-time streaming mode

71 Discontinue the sequence buffer

72 Suspend the sequence buffer; walt for a CONTINUE to
Tesume

73 Discontinue any singular command currently being per-
formed

D7 Delete move "X"

D8 End definiton of sequence buffer

D9 Begin definition of sequence buf fer "X"

DA Delete sequence buffer "X

FE Reserved (self~-test report)

Position Maintenance Cowmands

The Position Maintenance commands allow control of the motor
with reference to an encoder mounted somewhere in the motion
coantrol system. The encoder may be used or ignored, used as a
safety device which only comes Llato play when the motor stalls or
as an active reference for malatining position. Position with
reference to the encoder, motor and encoder resolutions and other
system parameters may also be established.
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The Position Maintenance commands are,

Command Description

18 Turn off/on post-move position maintenance

19 Turn off/on move termination on stall detect

2E Define the absolute open-loop postion as "X"

2F Define absolute closed-loop position

98 Request relative encoder count

99 Request relative error from desirved
closed-loop position

94 Request absolute encoder count

9B Request slip detect status

9C Request motor pulse to encoder pulse ratio

90 Request motor resolutiom

9E Request backlash sigma (motor steps)

9F Request position maintenance alg., const.,

and max., velocity

A6 Interrupt on next stall detect

A7 Interrupt on every stall detect

BO Define motor pulse to encoder pulse ratio

Bl Define motor resolution

B2 Define backlash sigma (motor steps)

B3 Define position maintenance alg., comst.,
and max. velocity

B4 Define the number of rotor teeth

B> Define the deadband region in encoder pulses

EO Place data into the velocity-distance buffer

El Place data 1nto the velocity-time buffer

Repaat Commands

Repeat commands allow the 1830 to unburden the host of
repeating frequently repeated commands or sequences of commands.
Repeated commands may be discontinued after a fixed number of
repetitions ot on command from the host.

The Repeat commands are,

Command Description

20 Repeat the following “X" commands "Y' times

21 Repeat the following "X" commands until a CONTINUE 1is
received
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Request Commands

Request commands allow the host to determine the status of
the 1830, the motor”s position {n either relative or absolute
coordinates and with reference fo motor counts or an encoder and
the state of various external inputs. It also allows
verification of move parameters and setup parameters.

The Request commands are,

Command Description

80 Request position velative to the beginning of the cur-
rent move

81 Request position relative to the end of the current
nove

82 Request position relative to the HOME limit switch

33 Request position relative to the ahsclute zero position

84 Request current direction

85 Request current velocity

86 Request current acceleration

a8 Request current move status

89 Request state of the limit switches

84 Request state of the HOME limit switch

&8 Request direction of travel

8C Request whether motor is moving or not moving

8D Request whether motor is at comstant, nonzera veloclcy
or not

8E Request whether motor is ot is not acecelerating

8F Request whether motor 1s or 1s not decelerating

90 Request preseat mode

91 Request move parameters for move number X"

92 Request commands stored in the sequence buffer

53 Request state of the move definitions (complete ot
incomplete)}

94 Request state of the TRIGGER inputs {2-5)

95 Request state of the JOG {nputs

96 Request the state of the Channel Z home input

97 Request the state of the programmable output bits

98 Request relative encoder count

299 Request relative error from desired

closed-loop position

9A Request absolute encoder count

98 Request slip detect status

2c Request motor pulse to encoder pulse ratlo

oD Request motor resolution

SE Request backlash sigma {(motor steps)

9F Request position maintenance alg., const.,

C .
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and max. velocity

E2 Request # of free  Dbytes in velocity-
streaming/sequence buffer
FD Request software port number and revision letter

Stop Commands

Stop commands are the means by which a motor may be stopped
in a controlled manner. A Kill command will stop the motor
immediately, but at the risk of losing motor position.

The Stop commands are,

Command Description
70 STOP motion
74 STOP motion when TRIGGER "X" goes active

Wait Commauds

Walt commands allow Euspension of a sequence of events to be
restarted later on the basis of time, an external evenl or upon
command from the host.

The Wait commands are,

Command Description

28 Wait for a CONTINUE

29 Wait "X" milliseconds

2A Wait "X" seconds

28 Wait "X" miautes
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gi BULKHEAD CONNECTOR LISTING

"D connector

Pin Number Function Wire Color*

1 Step output Red

2 Direction ocutput Green
3 CW step output¥®* n/a

4 CCW step output** n/a

5 Shield Shield
8 M=-D +5 volts ki

13 TTL Stepout

14 Step return Black
15 Directicn return White
16 Shutdown cut Blue
17 Shutdown out return Brown
20 DC common ok

24 DC common ke
25 TTL DIR out

The connectlions not shown above are not used,

* The wire colora shown correspond Lo a standard
Compumotor motor-driver.

%% These outputs are used with non-Compumotor motor—
drivers.

TABLE 2

A non=-Compumotor motor-driver, guch ag a 200/400 steps—per—
revolution motor, may also be controlled. If the non-CompumotorT
motor=-driver uses step and direction lines it may be wired the
game as a Compumotor motor—driver, If the non—-Compumotor motor=
driver uses clockwise (CW) and counter~clockwise (CCW) control
lines use pins 3 and 4 instead of 1 and 2 above. The CW and CCW
ocutputs are open collector and so should be pulled-up to operate
properly, Five volts (250 wmilliamps maximum) may be found on plan
8 for this purpose., DC common (circult ground) is found on pins
20 and 24.

The output driver for the step and directioan control lines
is a 75174 which provides current for Che standard Compumotor
motor/driver optically-coupled interface (typically 20 mil~
liamps). The output voltage for this device 18 specified to not
drop below 3 volts when high, but will not generally approach 5
volts — the standard TTL high level. Therefore a non-Compunotor
motor=-driver if voltage, and not curreunt, driven should be able
to operate with a 3-3 volt high signal, TTL step and direction
outputs are provided for applications which require true TTL
ouputs For these signals. See Appendix C for connector pinout
listings.
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C. BRemote Power Shutdown

The Remote Power Shutdown (RPS) control line 1s a
Compumotor feature that allows the motor to be shutdown (all
torque removed) for the purpose of motor-driver eooling or to
allow the user to manually position the load. Although the
standard Compumotor motor-driver is rated for a 100 percent duty
cycle it is sometimes advantageous to shut down the motor—driver
to legsen the amount of heat dissipated into a given environment.
Additionally, since stepper motors have full rated torque at zero
velocity, it becomes very difficult to manually position the
motor’s load with power applied to the motor. Rather rhan remove
power from the motor—driver under these conditions Compumotor has
provided the Remote Power Shutdown feature,

CAUTION: Positfon may be lost when shutting down the motor
and then powering it back up again. When position must be main-
tained while the motor is in the Shutdown condition a friction
loeck or brake should be used to maintain shaft position.

Remote Power Shutdown 43 found on pins 16 and 17 of the
motor driver bulkhead connector . Pin 16 goes high with reference
to pin 17 when RPS {s activated. RPS is controlled with commands
12h and 13h of the command language, or the Shutdawn input line
on the Auxiliary connector, J3, pin 19 (active low). The motor
will not be shutdown if the motor is moving; should the motor be
moving when the RPS command is received the 1830 will ignore the
command. See the section "Programming, Command Language"” for
more detalls.

D. Trigger Inputs

The trigger inputs (also called trigger "hirs") consist of
six inputs on the Auxiliary connector, J3. The 1830 may be
programmed to electrounically “satch" any one of these inputs and
perform a predefined function when the proper signal appears.
Two of these inputs (i and 6§) deliver an intertupt to the 8083
microprocessor on the 1830 cirecult card upon & positive golng
trigger, providing very fast reaponse to input signals. The
other trigger iuputs (2-5) are level sensitive and soc are a
1ittle more flexible than | and 6 but are also a bit slower,

Trigger inputs 1 and 6 muat make a low to high transition
to be considered active. Trigger 1 requirea a hold time of 500
picroseconds to be recognized, and Trigger 6 requires 1 milli-
gecond. Following this there must be a dwell period of at least
two milliseconds before the input makea another positive going
transition if it to be recognized as a Trigger,

Trigger inputs 2=5 may be either a high or low level to
indicate an active condition. Selectioa of the level triggering
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{s done when issuing the command. The signal must temain active
for a minimum of four milliseconds for it to be recogulzed.

All trigger related commands allow only one trigger input
to be specifled for use at a glven time. Thus, checking for an
AND condition to cccur on the trigger inputs is not posaible.

There are 11 trigger input related commands; of these, nine
use only triggers 1 and 6. Command 2C, "wait for trigger "X" to
go active" ia the only command whiech allows you to use a level
sengitive input or an edge sensitive {nput. This command allows
interruption of a sequence of moves until some external evenkt
comes true. Refer to the sectiom "Programming, Command Language"
for more information on these commands.

Trigger input signals must be eble to drive one standard
TTL load. For our purposes here this means the trigger input
should be'able to source 1 milliamp and sink 2 milliamps. The
Auxiliary connectory may he connected to external signal sources
by running a 25-pin shielded cable from the D=type bulkhead
connector in the VMEbus housing to the motion control system.

Command Command description, event occurs Triggers

{in hex) when trigger "X" goes active. used
2C Walt, continue on trigger 1 thru 6
74 Stop motion 1orb
75 Discontinue sequence buffer l or 6
76 Suspend sequence buffer l o 6
77 Digscontinue singular command 1 or &
icC Kill motion 1 or 6
7D Xill the sequence buffer l ox 6
7B ¥ill singular command, wait for cont. 1l orb
¥ Kill velocity-streaming buffer 1 or 6
AC Interrupt 1 orb
94 Request atate of trigger inputa 2 thru 3

Table 3.

Trigger Input Coomands
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Following 1is an illustration of an active level sen—
sitive trigger bit (triggers 2-5)

TTL high
\ /
\ 00 active /
\ /
TTL low \ /
e n t v
t »= 4 mgecs
TTL high
/ \
/ A \
/ nonzerc active \
TTL low / L
Figure 1.

The following 11lustration is of an active tising edge
sensitive trigger (triggers ! and 6).

TTL high
\ /o
\ / ¢<—Positive golng traansision
\ /
TTL low \ /
<=t1 =>[{=mmom— t2 @ m—— ———
tl >= 500 usecs for Trigger 1 t2 >= 2 msecs

2 meecs for Trigger 6
Figure 2.

Following i{s a 1ist of the pin connections for the trigger
inputs on J3, the Auxiliary commector.
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Pin Number Deseription
4 Trigger inputl *[NC commen
9 Trigger input 2 (signal ground) may
17 Trigger input 3 be found on plns
18 Trigger input & 14,15,16,23 and 23
8 Trigger input 5
3 Trigger input 6

Table 4.
B. Programmable Qutputs

The programmable outputs on the 1830 allow you to directly
control two high current outputs on the Auxiliary counector of
the 1830. Commands OB and OC (hex) set and reset (make high or
low, respectively) these outputs.

These outputs can sink or source 60 milliamps and are short
circuit protected (albeit for short periods of time). They may
be used to trigger an external event during, or at the completion
of, some Compumotor driven action.

The programmable output bits are found on pins 1 and 2 of
J3, the Auxiliary connector.

¥, Jog Inputs

The 1830 provides three inputs on the auxiliary connector
J3 which allow the operator to move the motor without giving
commands from the VME host computer. These inputs are all active
low, sc no motion will oceur if they are left disconnected or 1f
wiring breaks. The three inputs are JOGNEG (Pin 7), JOGPQS (Pin
5) and JOGLO (Pin &).

The JOG inputs may be defined to have two sets of meaning.
Please refer to the description of Command 11H in Appendix A.
Under the "Zero" definitiom, the following table describes the move
stacrted when the inputs go to the state listed (1=High).

JOGLO JOGPQS JOGNEG MOVE !
1 1 1 N/A
1 1l 0 3DH
1 0 1 3EH
1 0 0 N/A
o 1 1 N/A
0 1 0 3FrH
0 Q 1 408
0 0 v} N/A
Compumetor Corporation 1/15/85 Page 16
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Uader the "non-zero" definition, the JOGPOS and JOGNEG
inputs take the new labels of JOG and JOGDIR, respectively., The
following table shows the move started when the inputs go to the
state llsted (1=high, O=1low). The "non-zero” mode makes the 1830
compatible with Compumotor joysticks.

JOG(JOGPOS)  JOGLO  JOGDIR(JOGNEG) MOVE #

1 X X -

0 1 l 3pH
0 1 o 3EH
0 0 1 3FH
0 0 0 404

The "Zero" defiaicivon is the power-up default. Both of the
above sets of labels for these Inputs assume that the moves ate
continuous moves ande have the characteristics described below.
In practice, any move definition may he given for these moves.

MOVE # ATTRIBUTE
3DH Normal speed, negative diraction
3EH Normal speed, positive direction
JFH Low speed, negative directlon
40H Low speed, positive dlrection

Moves 3DH, 3EH, 3FH and 40H are the oaly moves which are
given a power-up default definition.

#4300 = CE, 3D, 00, 00, 00, 61, A8, OO, 01, B&6, AO, FF
negative, continuous, velocity=25,000, accel=100,000
#3K4 = CE, 3E, 00, 00, 00, 61, A8, DO, 01, 86, A0, 00
posizive, continuous, velocity=25,000, aceel=100,000
#3FH = CE, 3F, OC, 00, 00, 09, C4, 00, 01, 86, AQ, FF

negative, continuous, velocity=2500, accel=100,000

#40H = CE, 40, 00, 00, 00, 09, C4, 00, 01, 86, A0, N0
positive, continucus, velocity=2500, accel=100,000

The JOG inputs are polled at {ntervals that may be as shor:
as 2 msecs or as long as 30 msecs, depending on how busy the 1830
ls doing other things. For the following discussion, the term
“"1o0g state” will refer to a combination of the three jog inputs
«hich start a move (3D through 40H) under one of the two jog
input definitions deserihed above. The JOG inputs are ignored if
enabled by a 10OH command.

When the jog inputs change state to a jog state, any motion
is stopped immediezely (i.e., "killed"), and a command to pecform
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the move number defined by that jog state s executed automati-
cally. This results in the indexer beginning the jog move.

When the jog inputs change from a jog state to a non=-jog
state, a stop motion command only is executed automatically.

Because moves 3DH through 40H may be defined however the
user wants, the jog inputs may be used to execute a variety of
fuactions without vequiring host commands. These inputs should
not be used, however, while the host is attempting to execute
motion command, because move commands started by the jog inputs
will pre-empt command from the host, and vice-versa. To avoid
this poseibility, the Disable/Enable jog inputs command may be
issued by the host. Please refer to the 10 command description
in Appendix A.

G. Extermal Frequenecy Input

This input allows the use of an externally supplied time
base for the move profile gemeration. It may be selected for use
only ia continuous move definition through the velaclty range
Fleld in the move definition (velocity range "&" = external
trequency), This allows the user to select atime base other than
those provided internally by the 1830, and to alter the frequency
during the course of a move. BY altering the frequency during
the move, the uger can create non—linear move profiles with
changing velocities.

The input may also be used in conjunction with the jog
faputs to form a joystick interface for use with the Compumotor
Model 852 Joystiek, By defining the JOG moves with extaecnal
frequency, and using the non-zetro jog input deflanition, cthe
following connections form the joystick interface:

852 1830
DIR OUT JOG DIR
AT ZERO JOG
STEP OUT  EXTERNAL FREQ. IN
+5V IN +5V OUT
GND GND

This interface description assumes that moves 3DH and 3FH
are continuous moves in the negative direction, and that moves
3EH and 40H are continuous moves in the pogitive direction.

4. Encoder Interface

The Encoder interface on the 1830 allows the 1830 to Ttes~
pond to an lucremental encoder for positioning purposes. The
interface i3 not designed to monitar/correct=for veloelly errors;
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the interface allows veriflcation of positlon, and motor stall
detection,

The Encoder interface is a very powerful feature of the
1830. 1t allows definitlon of the number of pulses gent to the
motor for how many pulses are expected from the encoder (command
BOh). Because of this it i{s possible to use virtually any reso-
lution encoder, Further, the encoder need not be mounted
directly oa the motor. In situatlons where the load could he in
a different place from that of the motor, such as when a gear
traln of some sort !s involved, the encoder may be mounted where
it will do the most good. An example of this is driving the load
through a series of gears. 1t would be very nice to be able to
ignore the backlash induced by the geartrain and get down to
business, Putting the encoder on the lcad would cause any
closed=loop move (you may choose either open- or closed-loop
moves at any time) to automatically compensate for backlash and
gear ratlos in the gear train,

l. Electrical Considerations

A schematic of the encoder input is shown in Appendix E.
Connections for the eacoder connector may be found in Appendix C.

A and B channel inputs are required for position tracking
and stall detection, the home input is only required 1f a home
position 1s needed. The home input need not come Erom the enco-
der either. The home input may come from any appropciate TTL
coapatible switch as referenced 1a the installation section of
this manual. For example, using a linear encoder on an X-Y stage
you may want to utilize the home 1ine on the encader because that
input goes active only once in the entire range of travel, is
similac in electrical characteristics to the A and B channel
inputs and can be wired in the same harness as the other encoder

inputs.

A rotary encoder, oun the other hend, which is attached
directly to the motor gives Its home indication once per revolu-
tion. This 1is of little value in most applications. To get
around having the once per revolution home mark the encoder has a
home enable input which, when lnactive, causes the home input to
be fignored. Thus, another awitch is required that will be active
only when the motor is within one revolution of the home area.

2. Encoder Resclution (lines).

The resolution of the encoder, usually given ia lioes, 1is
multiplied by four times by the 1830. This 1s done through a
quadrature detection technique. Thus, 1f you have a 1,000 line
{ncremental encoder, the 1830 will see it as a 4,000 line enco-
der. This is also known as specifying the post—quadrature enco-
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der resolution, When specifying the number of motor steps to
eacoder steps {(command BO) you must specify the encoder resolu-
tion multiplied by four,

3. Usable Encoder Resolution

The ratio of motor pulses Lo eacoder pulses should probably
not get smaller than 2:l. The reason for this is a practiceal
one, aad is not restrictad by the 1830. Siwply stated, as the
distance moved by a single motor step approaches the slze of an
encoder step it becomes increasingly difficult to position the
motor accurately. Consider the following diagram.

Motor step size—> I | | | |

Encoder stap size==> ] | |

Motor steps equal one~half an encoder step

In this example the motor steps are half the size of the encoder
steps. On paper, this might lead you to assume that there i3
plenty of room For the moteor to find a particular encoder posi-
tion. In reality, because of the elastic nature of step motors,
1t may be difEicult for the motor to actually find the degired
position. Cousider the case where the motor step size 1a dif-
ferent in each direction of motor travel. This would be true any
rime the motor s changing directlon while driving a frictional
load.

Motor step slize—> I | | [

Encoder step slze—> | | I

Motor steps are one-half an encoder step, step size is not aqual.

In the above grossly exagerated example there are still four
motor steps to two encoder steps, but it is not clear where each
will fall., It i possible that the backlash caused by frictional
loading on the motor will vary the step size enough to make it
difficult for the motor to position exactly on the deaired enco-
der pogition.

Motor step size=—> | |

Encodar step size——> | | |

Motor steps are larger than encoder atep
Should motor steps ever exceed the size of encoder steps, the

motor would probably never find its desired position, especially
if the load is subject to vibration. Even If it is not, the
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likelyhood of the motor positioning correctly and sltting scill
are small. When the woter steps are larger than encoder steps 1t
18 1ikely that the motor will never sit still while posttion
maintainance ls enabled {command 18h).

4, Encoder hookup (Compumotor encoders)

Compunotor provides optional motor mounted encoders on most
motor sizes. The encoders have a resolution of 1,000 encoder
lines, Compumotor encoders are pre-wired at the factory to
connect directly with the 1830.

S. Encoder hookup (non-Cowpumotor encoders)

The encoder inputs provided on the 1830 are compatible with
virtually any TTL encoder. It doesn’t matter whether the encoder
{8 load mounted or encoder mounted, or whether the encoder is
rotary or linear., The 1830 may be programmed to accept any
encoder resolution.

To set up the 1830 to accept encoder Lnput it 18 necessary
to tell the 1830 the number of encoder pulses which will be
ceturned to the indexer for a given number of pulses sent to the
motor, This 1s done via the BO (hex) command.

Moctor mounted rotary encoders are the easiest to specify:
multiply the rated resolution of the encoder by four and enter
that directly iato the command.

EXAMPLE

BO command: 25,000 / 4000 (decimal)
Command string: BO, 61, AB, OF, A0 (hex)
The same ratio could be specified by:
Command string: B0, 00, 19, 00, 04 (hex)

(commas and spaces are included for clarity only)
The above example command specifies the encoder resolution
for a 1,000 line encoder, the standard offered by Compumofor.

For an encoder with 4,096 lines the command would be,

BO command: 25,000 / 16,384 (decimal)
Command suriag: B0, 61, A8, 40, 00 (hex)

(comnas and spaces are included for eclarity only)
Note: Although this is a valid resolutioa, it would be somewhat

high Eor a 25,000 steps per revolutlon motor, as the ratio
of motor steps to encoder steps (25,000/16,384) {s less
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than 2:1. This could make system operation unstable as
the motor would not have adequate room to position itself
with respect to the encoder. Optimum operation 1s
achleved with a ratio of about 4:l.

Eacoders which are not mounted on the motor are a little
more complicated to specify; the ratlo of motor turns to encoder
turns must be taken into account. A rotary encoder which is
mounted on the load can compensate for any mechanical components
between the motar and the load. A belt and pulley is a simple
example of this,

For example, to specify the OB command for a motor which
must tura six revolutions to turn a load mounted 1,000 line
encoder oae revolution would require: multiplying the encoder
resolution by four (the multiplier applied by the 18307s encoder
fnput circuitry) and then dividing by six the turns ratio) giving
a result of 666,667, Written as a formula,

(encoder resolution * 4)/number of motor turns
or
(1,000 * 4)/6 = 666.667

S0 the command to the 1830 would be,
BO command: 25,000 / 666.667 (decimal)

or, BO command: 75 / 2 (decimal) would give the same
result,

Command string: B8O, 00, 4B, 00, 02 (hex)

(commas and spaces are included for clacity only)

Linear incremental encodars may also be used., Linear
ancoders are usual ly mounted alongside some sort of screw driven
apparatus such as an X-Y table., To specify the encoder ratio the
number of encoder pulses per motor revolution must bhe known., For
example, an encoder with a resolution 500 lines per inch may have
an output circuit which will multiply the number of lines by four
rimes. The 1830 would then multiply that resolution by aunother
four times giving 8,000 encoder pulses per inch. Supposiog that
the X~Y table uses 10 piteh (10 turns petv {nch) leadscrews, the
encoder returns 3,000 pulses per 10 motor revolutlons. As a
formula this would look like,
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((encoder lines/inch * 4) * 4)/number of motor turns
or
{((500 * 4) * 4)/10 = 800 {decimal)

So the command would be,
BO command: 8,000 / 10 (decimal)
or, BO command: 800 / 1 (decimal) would give the same
result.

Command string: BO, 03, 20, 00, 01 (hex)

{commas and spaces are included for clarity only)

User provided eancoders must be wired to the 25-pin encoder
connector using the pin connection listing shown in Appendix C.

The encoder inputs must be actively driven: open-collector
outputs on your encoder will not work correetly. The encoder
connects to the 1830 via the 25-pin D-conmector described above.
The only signals required are Channel A, Channel B and ground.
Channel Z should also be connected if the encoder has a Home
output.

The encoder will require +5 volts DC to operate. This +5
volts may be provided by the VMEbus via the 18307s Encoder
connector, pins 23=25.
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INSPECTION

Your Model 1830 Motor Controller should be 1inspected upon
recelpt for obvious damage Co i{ts shipping contalner, Report any
such damage to the shipping company as scon as possible, as
Compumotor cannot be held responsible for damage incurred in
shipment. The 1830 should then be carefully unpacked and lnspec—
ted for the following items to be present and in good condition.

1. 1830 Printed Circuit Assembly

2. Cable:; P/N 71-2489-01

3. Connector: 25 pin D, solder type with shell
4, 1830 Motor Controller Operator”s Manual

WARRANTY INFORMATION

Your Model 1830 Motor Controller is warranted agalnst manu-—
facturing defects for one year from the date of purchase. Should
you have questions about operating the 1830, your Compumoeter
representatives and distributors stand ready to support your
individual needs.

Should return of your Motor Controller be required to
effect repairs or upgrades, do the following.

1. Get the serial number of the defective unit and a
purchase order if the unit is out of warranty.
2, Call Compumotor for a Return Material Authoriza-—
tion Number (RMA) at (800) 3158=9068 except in
California, The number in Californtia is (707)

778=-1244. Parker Compumotor
3., Ship the unit to: 5500 Business Park Drive
Rohnert Park, CA 94928
(707) 584-7558 (800) 358-9(68
REMA #

Compumotor Corporation is dedicated to being a leader in
digital motiomn contral, We invite you to tall us aboul your
application problems, questions or comments.

Since all of our indexer products are microprocessor based,
significant departfures from the operating parameters outlined
here are possible. If you have a volume requirement for our
products (over 250/yr, for example), we would like to digscuss
your specific needs. Call the Applications Engineer assigned to
your geographic area at (800) 358~9068, except in California,

(707) 778~1244.
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FUNCTIONAL CHECK

The 1830 Motor Comtroller may be installed and functionally
tested for proper operation very simply without instructions from
the host processor card. If the 1830 is to econtrol a Coupumotor
Motor-Driver having 25,000 steps per revolution, do the follow-

ing.

1. Remove power from the VMEbus computer.

2. Ensure that switch 52-4 is off and 57-2,3 are on; then
insert the 1830 into an open slot in the VMEbus
computer,

9, Attach a D-end of the Motor-Driver cable to the Motor=
Driver connector on the 1830,

4, Set up the Compumotor Motor-Driver in accordance with
the Motor-Driver Operator’s manual.

5. Apply power to both the Motor=Driver and the VMEbus
Computer.

Important: Ensure that the Compumotor is free to ro=-
tate a full revolution in elither direcrion for this
test.,

6. The Compumotor Motor—Driver and the 1830 Motor Control-
ler are now ready for self testing.

Depress the self-test button (switch S1). S1 is the
only button accessible from the front panel. It is
recessed slightly to avoid accidental depression.

The Compumotor should rotate one full ravolution in the
counter-clockwise direction, stop, and rotate one revolution in
the clockwigse direction and stop; the Board Monltor Alarm ~ the
red LED next to S! — will come on.

1f the motor does not rotate as predicted the problem will
probably be found in one of the following areas.

1. The Motor Coatroller:
a. The Motor Controller is not powered. Check for 5
Volts DC on J3, pin 22, the Auxiliary Connectort.
Ground may be found on J3, pin 16, te reference the 5
volts. If 5 volts is not present the 1830 is not being
powered by the VMEbus backplane.

b. The 1imit switches are not connected and not bypas-—
ged. Ensure that switches §7-2,3 are on for this test.

3. The Motor=Driver cable:

Inspect the cable to ensure that it is not frayed or
ecut, and that it is securely fastened at each end and
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at its coanecting polnt.
3. The Motor-Driver:

a. Ensure that the motor cable 1s securely fastened to
the Driver.

b. Check to see if the motor has torque. It should
have torque. any time it is powered.

If the motor the 1830 is controlling i{s not a standard
25,000 steps—per-revolution Compumotor the self-test function may
still be performed, but the motor will probably not turn exactly
one revolution. The 1830 issues 25,000 pulses at a rate of 5,000
Hertz with the direction output held low (CCW) and then repeats
the process with the direction output held high (CW). The direc-
tion output is found in the Motor Driver conanectorT. A 50,000
steps—per-revolution motor would turn only one=half a revelution
and a 200 steps—per-revolution motor would rotate 125 revolutions
under these conditions, for example. A word of waruing about a
200 ateps—per-revolution motor and this test: The motor velocity
will be 25 revolutions per second without the benifit of accele—
ration ramping and the wotor might well stall.

To verify board operation without a motor, the user may
connect an oscilloscope to J4, pin 1, Step Qutput (step retura
may be found on J4, pin 14). Each motor pulse will be seen as a
one to two mlicrosecond, high going, pulse.

After the self test has been performed the board must be
RESET before normal operation may be assumed. Reset may be

accomplished by cycling the power to the 1830, issulng it a bus
reset or by setting the reset bit in the 1830%s Control Byte.
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INSTALLATION
A. Configuration Switches

Installatinn of the 1830 Motor Controller is a straight=-
forward process that may be quickly and easily accomplished
provided the Controller is properly configured prior to attemp=
ting to operate it.

The first step in configuring the Controller 18 to set the
configuration DIP switches. These switches are of three basic

types:

VMEbus interrupts
VMEbus addressing
Limit switch bypass

1, VMEbus Interrupts

Use of interrupts on the 1830 Motor Controller is optional.
Until appropriate software has been written to handle interrupts,
they should be disabled. The standard factory setting of 52 is
all interrputs disabled.

There are three basic interrupts:

Interrupt Switch Status Bit
Message ready (MR) 52=2 5
Input ready (IR) 52-3 4
Control ler failed (CF) 52-1 7

Any of these Iinterrupts may be directed to any of the
VYMEbus interrupt lines, IRQ1/-IRQ7/, selected by $6-1,2,3. (A
signal name name followed by a slash (/) indicates that the
signal 1s low true.) The following table shows how Co select a
YMEbus interrupt level for the 1830 combined interrupt signal.
Here "0" means "ON" and "1" means "OFF."

s6-3 2 1  IRQ Level

0 0 0 None

0 0 1 IRGQ 1
D1 0O IRQ 2
0o 1 1 IRQ 3
1 0 0 IRQ &
it 0 1 IRQ 5
1 10 IRQ 6
1 11 IRQ 7
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INSTALLATION 1830 Motor Controller

The three Controller intecrrupts are wire ORed together so
that any combination of the interrupts may be fnstalled (see
Appendix F), but the Intercupt which goes active flirst masks any
further Interrupts 1in the Status Byte until the previous condi-
tion is cleared (see the sections "Programming, Interrupts’ and
“programming, Reading and Writing" for detatls).

Only one of the VMEbus interrupt lines (IRQL /~IRQ7/) may be
used to interrupt the host processor if interctupls are enabled
using switches as described above. The 183) alsoc requires you to
enable interrupts from an 1830 via the "Interrupt Enable Bit" in
rhe CONTROL BYTE (CONTROL BIT six). GCenerally, the ounly inter~
rupt you will be interested in gelecting will be the Message
Ready interrupt.

If you choose to use interrupts from more than one of the
atatus bits, an active status bit will mask other active status
bits since all selected status bits are ORed into one intertupt
line. Therefore, it would bhe advisable to use level sensitive
interrupts in the host rather than edge sensitive interrupts 1E
more than oae status hit is selected to the IRQ/ line, since a
currently active selected status bit will mask an active going
etatus bit. 1If only one statusg bit 1isg selected to the IRQ/ line,
elther edge triggered or level triggered interrupts may be used.

The VMEbus host responds to an faterrupt from the 1330 by
1ssuing an interrupt acknowledge cycle, during which time the
1830 will place a STATUS/ID byte on the bus. The value of this
byte ia user selectable via S5, 1-8 as defined by the following
table. The sum of the switeh”s binary value will be the value of
the STATUS/ID byte.

$5# Hex S5# Hex
1 18 5 10H
2 2H ] 20H
3 4H 7 40H
4 8H 8 80H

2. VMEbus Addressing

The 1830 supports the VME standard addressing and short
addressing modes, configurable with 56=4, If Shb—4 is on, short
addressing is selected, and the 1830 will respond to address
modifier codes 29H and 2DH, If S6=4 is off, standard addressing
is selected and the 1830 responds to address modiflers 39H and
4pd, In both cases it occuples a 256 byte block and accepts byte
wide data from the low order bits of the data bus. Word size
data transactions or data transactions on the high order bits of
the data bus will generate a bus error. The 1830 Motor Control=-
ler requires two address locaticns Lo access its data and command

Compumotor Corporatioan 1/15/85 Page &

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



INSTALLATION 1830 Motor Controller

registers. The data location 1is repeated 64 times at even word
addresses (Al=0), The coatrol/status location is repeated b4
times at odd word addresses (Al=l), The board”s address is selec-
ted by selecting coafiguration switches which carry blnary
values. The sum of the switch values ls equal to the board”’s
base address.

53 Bit Number Hex
#1 ~ Addresgss bit 8, value = 100h
#2 - Address bit 9, value = 200h
#3 = Address bit 10, value = 400h
#4 - Address bit 11, value = 80G0h
#5 = Address bit 12, value = 1000h
#6 - Address bit 13, value = 2000h
#7 - Address bit 14, value = 4000h
#5 - Address bit 15, value = 8000h
s4 Bit Number Hex

#] - Address bit 16, value = 10000h
#2 - Address bit 17, value =  200Q0h
#3 - Address bit 18, value =  40000h
$4 - Address bit 19, value = 80000h
25 - Address bit 20, value = 100000h
#6 - Address bit 21, value = 200000h
47 - Address bit 22, value = 400000h
#8 - Address bit 23, value = 800000h

3. Limit switch switches

Limited travel mechanisms such as X-Y tables require some
means for stopping the motor should it attempt to move the load
beyond the motion systen’s end of travel, The 1830 deals with
this problem by using limit switches. The limit switeh inputs
(found on pins 13 and 10 of the Auxiliary Connector) use a nor-
mally-closed eircuit to ladicate to the motor controller that the
system is operating properly. This way if one of the wires to
the 1imit switches should be broken or cut the system stops
tnstead of moving the load out of its range of travel.

Since not all applications require 1imit switches, the 1830
haa two DIP switches which short across the the limit switch
inputs to allow the board to operate the motor when the end of
travel 1imits are not required. These switches are §7-2,3. To
ensure proper motor operation they must be off when limit swit-
ches are used and they muat be omn when limit switches are not
used.

If the limit switches are used, they nay be configured to
be optically isclated by secting switches S8~4, 6 to the “"down'
position and S8-5, 7 to the "up" position. "Up" means away from
the printed circuit board.
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B. Limit Switch Inputs

The clockwise and counter—clockwlise 1limit awitch inputs on
the 1830 are used to cause the 1830 to immediately discontinue
gending pulses to a motor—driver in an emergency sltuation. The
response of the motor is the same as {t would be to that of the
Ki1l command (78h). If the 1limit switch loputs are switched for
optical isolation (by setting switches S8-4, 6 to the “on”
position and $8-3, 35 to the “off" position), the limit switch
would drive the limit switch inputs with a TTL high or +5V under
normal operating conditions and allow the input to be open when
the switch ie activated. If the limit switch inputs are switched
to not use optical isolation (by setting 58-4, 6 to the “dewn™
position and $8-3, 5 to the "on" position}), the limit switches
provide a signal ground to the 1imit switch imputs (J3, pins 13
and 10) under normal operating conditions and allow the inputs to
float high when the switch is activated. This way, should a wire
break anywhere im the limit gwiteh eircuit, the motor would
immediately stop, provided the motor was moving toward the open
1imit, and the 1830 would not allow the motor to move toward that
1imit switch until the open circult condition (i{.e., broken wire)
i3 corrected.

In applications that do not require limit switches, gwitches
§7-2 and 57-3 should be left "on" as the unit comes from the
factory. For applications requiring 1imit switches, switches
§7-2, 3 should be switched to the “off" position. With awitches
87-2, 3 "on™ the limits are defeated so that external limits will
have no effeect,

Note: External limits must be used if 57-2 and S7-3 are not
switched to the "on" position. §7-2 defeats the CCW limit switeh
input and S7-3 defeats the CW limit switch input.

A 1limit switch normally takes the form of a closed single-
pole—-single-throw switch, a Hall effect proximity sensor or an
optical interruptor which 1s placed sufficiently far from the
load's end of travel to allow the load to stop from it's wmaximum
running velocity withyut damage. For pon-isolated operatiom, the
gwitches should be able to provide the following:

1. 1 wA current sinking capabllity (lmA cloaure to ground)

2, Logic low no greater than 0.5 VDG

3. Llogic high no greater than 5.5 vDC {(unless open
collector) :

4. Minimum signal hizh duration of 200 aicroseconds

The limit switches are connected to the following pins of the
Auxiliary connector.

Clockwise limit switch J3, pin 10
Clockwise limit switch return (DC common) J3, pin 23
Clockwise opto return 13, pin 24
Counter—clockwise limit gwitch J3, pin 13

Counter—-clockwise limit switch return (DC cowmon) J3, pin 25
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Counter—-clockwise opto return J3, pinv 12

The limit switch returns (noted DC common) are the 18307s
signal ground so care should be taken to not conmect these lines
to earth ground or use them for a shield, as this will greatly
reduce the noise immunity of the 1830 and increase its susceptl-
bility to damage as a tesult of voltage or current spikes on the
powetr line,

For isolated operation, the switches must be able to provide
10 mA at 3 V for logic high, The switches should be connected to
the connector luputs Limit Switch and Opto Limit Returm.

The I1imit switch wires should be shielded to prevent
voltages from being induced into them which could cause the limit
switch inputs to be activated. An earth ground suitable for
shielding purposes 1is found on J5, pin 20.

Suitable active switch types are:

Vane activated magnetic switch — Microswitch 4AVIC-Ti
Vane activated optical switch - Spectronies SPX2002
Proximity sensor, Hall effect — Microswitch 2055R1A

Some 11mit switches require a power source. This is pro-
vided for in the 1830 on J3, pin 22, A maximum of 250 amilliamps
may be drawn from this connection. 4 word of warning about this
power source: It comes straight from the VMEbus five wvoli power
supply through a one ohm, quarter watt, resistor, and so should
be used with caution. Signal common for the limit switches is
found on J3, pins 24 and 25.

C. Open Loop Home Position Sensor

Sometimes an absolute reference 18 required for the motion
control system, so that a knmown position may be found upon apply-—
ing power to the system oT prior to attempting a very preclse
move. The 1830 allows this to be done by using a normally clesed
switch similar to the ones used as limit switches described
above, as well as home reference marks on linear and rotary
encoders.

The home position sensor is attached to J3, pin 21, the
Home Limit input, and it must have all of the electrical charac-
teristics described above for the limit switches {in non=-isclated
configuration). The Home Limit input is ignored when it is not
being used as a position reference, Signal ground for the home
position sensor i{s the same as that of the limit switches, auxil-
liary connector J3, pins 23 and 25. For open loop homing func—
tion, only the Home Limit Input is used. For closad loop homing
function, both the Home Limit Input and the 2 Channel inputs must
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be connected to their respective external seunsors. The elosed
loop homing inputs are found on the encoder connector J5.

D, Encoder (1f used)

The encoder lunput uses a 25 pin D-connector which ise
compati{ble with all Compuwmotor motor mounted encoders. When
using a Compumotor supplied encoder simply attach the 25 pin D-
coanector provided with the motor mounted encoder, For usger
provided encoders a two phase {ncremental quadrature type is
requirad, It must be TTL compatible with actively driven
outputs (i.e., not opea collector).

The resolution of the ancoder is important for successful
operation of the motor with the position maintenance feature
enablad. Please refer to the Operation sectlon for more
information.

E. Earth Grounding

The 1830 provides earth grounding to the fromt panel, which
shound be mounted securely to the VME computer chassis., It is
{mportant that the ground used here does not connect to the
signal ground used for the VMEbus system or for any other elec~
tronle device. This earth ground 1s routed to the pins on the
front panel connector that requirea shield connection so that
sensitive wires may be shielded without sacrificing nofise
immunity.
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