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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.
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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).
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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
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PROGRAMMING 1830 Motor Controller

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.,
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PROGRAMMING 1830 Motor Controller

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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OPERATION 1830 Motor Controller

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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OPERATION 1830 Motor Controller

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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QPERATION 1830 Motor Controller

{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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OPERATION 1830 Motor Controller

Following 1is an illustration of an active level sen—
sitive trigger bit (triggers 2-5)

TTL high
\ /
\ 00 active /
\ /
TTL low \ /
S t SRS
t >»= 4 mseca
TTL high
/ \
/ A \
/ nonzerc active \
TTL low / \
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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QOPERATION 1830 Motor Controller

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 JOGPOS JOGNEG MOVE #
1 1 1 N/A
1 1l 0 3DH
1 0 1 3EH
1 0 0 N/A
0 1 1 N/A
0 1 0 3FH
4] Q 1 4R
0 0 Q N/A
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OPERATION 1830 Motor Controller

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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OPERATION 1830 Motor Controller

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 ianterface on the 1830 allows the 1830 to tes-

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,

Compumotor Corporation 1/15/85 Page 22



QPERATION 1830 Motor Controller

((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, issuing 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."

1 IRQ Level

None

IRG 1
IRQ 2
IRQ 3
IRQ &
IRGQ 5
IRQ 6
IRQ 7

86-13

s —

|+

—— e DD O
_——0 O = D0
O D e OO
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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
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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

Compumotor Corporation 1/15/85 _ Page 8



INSTALLATION 1830 Motoc Controller

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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