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ORMEC's Programmable
Motion Controller (PMC) is a
single-board, microprocessor-
based controller which combines
with either a DC or AC servomaotor
system to provide high
performance motion control.

It gives OEMS, as well as end
users, a unique capability for
infegrating robctic-like features
into equipment designs without
requiring the intensive in-house
technical support that custom
microprocessor-based feedback
control systems require. And it is
ideal for retrofit applicafions,
because the advanced
automation technology of the
PMC can improve speed and
performance of existing
production equipment.

The PMC operates as an
intelligent slave precisely
controlling velocity and position
in response to high level ASCII
commands.

In a typical application, the
PMC interfaces with a servodrive,
a servomotor, a DC tachometer
and an incremental position
encoder with quadrature outputs
to create a closed loop digital
positioning servo that accurately
controls the position and velocity
of a mechanical load.

The system offers outstanding
performance including position
stepping rates to 384 kHz and
encoder resolution in excess of
100,000 counts per revolution if
you need it for your application.

PROGRAMMABLE MOTION CONTROLLER\

(PMC-900, PMC-901, PMC-902)

—_—

Interfacing the PMC with a
servomotor, a servodrive, a
tachometer and a digital
position encoder is a fast, easy
method for creating high
performance motion
applications.

PMC based systems can perform
variable indexes af rates greafer
than 3000 indexes per minute.
The PMC closes both the
velocity and position loops,
providing load independent
positioning accuracy and
predictability. And it eliminates
the need for potentiometer
adjustments by utilizing gain and
compensation data stored in the
microprocessor's non-volatile
memory. Field installation is
simplified by the polarized
removable terminal strips and
industry standard connectors.

Doing sophisticated motion
control applications with the PMC
is as easy as programming a
calculator. ORMEC's Mofion
Programming Language (MPL)
offers system designers a wide
choice in how to configure their
system and a full set of
programming commands, from
indexing a specified distance or
jogging at a predetermined
velocity to decelerating on a
machine sensor or coordinating
I/O points with the motion. These
commands can be combined
with branching and subroutine
calls in a general way to provide
solutions for complex motion
control applications.

The PMC can be controlled by
virtually any host computer
systern or programmaple
controller. Or it may be cperated
in a stand-alone mode, since it
can coordinate commanded
motion with machine inputs (limit
switches and sensors) and
machine outputs (solenoids,
indicators, etc.).

When interfaced to the host
system through the Serial
Communications Interface, the
host can interact with the PMC,
even while it is controlling mofion,
to monitor position, velocity or
acceleration.

The PMC provides a consistent,
cost effective approach fo
motion control, whether it is used
to control one axis or combined
for use in multi-axis systems.

BENEFITS OF A PMC

e Executes high level Mofion
Programming Language
commands

e Stores 95 unigque motion
confrol routines in memory

e Creates a closed loop, digital
position servo

e Coordinates motion with
Machine Inputs/Qutputs

e Operates stand-alone, or as
slave of computer or PLC

e Fliminates troublesome
potentiometer adjustments

e Simplifies debug/maintenance
with on-board diagnostics

e Interfaces through quality,

industry standard connectors j
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overall snderstanding of senvo
confrol systems has resulfed in g
single-board, programmnable
motion contaller that s simple to
usa, but has power and flesabllity
for your mos™ demanding

FEATURES OF THE
PROGRAMMABLE
MOTION CONTROLLER

| applications.
The Programmabie Mction motion confroller thar is easy to PMC ARCHITECTURE
Conmoller (PMC) has been use in a wide varlety of complex SE
carefully architected and mation control cpplications %SITTDSIIHLEC;I?EFI;? CITY AND
thousands of enginesring Let’s lock at the PMC's unique .

manhours have created 4
\ger‘-eml pumose, programmabie

features. Refer to the diagram
cbove, and youll see how our

The FMC interfoces with a
sarvodrve, a sarvomaotor, an
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incremental position encoder
and a tachormater to caata o
closed loop digital position senvo
This closed locp operation results
in load independent positioning
accuracy and predictability, and
creates a relioble feedback
control system.

MICROPROCESSOR BASED

The heart of each PMC Is an
Intel 8085 microprocessor, giving
each axis of maoticn confrol the
processing power of o personal
computer

The CPU processes instructons
storad I ifs fimnware (EPROM),
allowing the 2MC to interpret the
high leval set of usar orianted
mation control commands of the
Maotion Programming Language
(MPL).

MPL ocperaes interpretivaly, ke
the BASIC programming
larguage. enabling commands
to be executed directly to
parometize of inlfiate high
peformance motion. The same
commands can then ba
combinad with program flow and
timing commands in “mation
control routines” to easily
implameant complex motion
contrel applications,

NON-VOLATILE MPL MEMORY

Far the PMIC-201, motion contrel
programs are stored in up fc 2k
bytes of non-volatile rmemaory
(EEPROM). The PMC-902 uses
RAM memory, and the PMC-200 Is
designed for use under the direct
contral of a host computer.

MPL ARCHITECTURE

Because MPL usas infuitive
single character commands,
programming the PMC s as
sirniple Qs prograrmming a
calculator, Simple commands
such as AV, and | are used *o
establish rmofion parameters such
as Accelenatton, Velocity and
Index distance.

In addition to being easy to
learn, MPL's tersenass and
regularity speeds program
execution ard simplifies host

v A TYPICAL PMC MOTION PRCFILE

vV — TOPVELCCTY

| — INDEX D3STANCE
(area under cunve)
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A typical PMC Motion Profile using “scurve” acceleration is shown
above. Users may also choase linear, parabolic or some other

acceleration shape.

corrmunications.

Thre PMC is architected so that
MPL cperates ndependant of the
moton it creates This feature
dliows the MPL program to
corrinue to execute. even while a
mohaon is In progress: machine
outputs can be operated durng
the motion, or futue mations can
be porametized

Specific commands are
provided for synchronization of
the prograrm and maotion in
progress.

MOTOR LOOP
INTERFACE

ENCODER ASSURES
POSITION ACCURACY AND
PERFORMANCE

Encoders with "TTL compatible
phase quadrature” oufputs,
displaced in chasa by 90
degrees, are used i ORMEC
posttioning systems

Lising this inferface provides
flexizility since it Is cornmon o
miany poesition encoders from
inexpens ve opfical incremental
encoder: to exotic and occurate
fransducers such as laser
Inteferometers

HIGH NOISE IMMUNITY

The PMC has a unigue
quadrature decodsr circult
whizh, while inferprating the npuf

channels o deraming tha load
direction and distance travelled,
"gjects noise pulses which may
occur on the signals, Both
guadrature channels of the
ancodear must pass a minimum
‘ime criteria to be accepted by
“he digital circuitry, and if a lorg
duration noise pulse occurs, it is
deccded by the inferface as
combination of a forward and a
avearsse encoder pulsa,

In additicn, this circuit utilizes
‘A% multiplication circuitn® wheh,
becouse four encoder distance
unifs ae derived from each
ancoder cycle, increasas the
sffective resolution of the encoder
o four times its stated line count,

NO POTENTIOMETERS

Bot the position cnd velocity
oops are closed in hardware, for
maximum performance and
reliability. Gain and
compensction circultry for both
oops are under direct digital
confrol of the on board
microprocassor which provides
nitial setup corvenience and
crevents field odjustments from
becoming a future problem

The PMC is configured with a 48
db gain adjustrent for both the
selocity and paosition senvo loops
ntegral + proportional
compensators with adjustable
"zems” are iImplemented, Thesa
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adjustrments are made using an
WMPL cormmand, and can be
changed dynamically during
systern openation,

Since both position and
velocity loops are closad by the
PMC, it will opercte with virtually
| any servodnve, relying on it only
a5 O power amp ifier,

ADVANTAGES OF A TACHOMETER

A PMC-based posltioning
systemn utilizes a tachometer s a
locp compensation devics to
provide mation contrcl
performance nof othenwise
possible. To provide speed control
accuracy bayond the limits of
analog systems, the tach is not
used as the final authority on
speed, which is resenved for the
digital posit on fransducer,

An analog velocity feedfonwvard
signal is includea in the
microprocessor confrelled senvo
reference generafion circuitry,
and applied directly fo the
velocity loop through o PMC
adjustable gain. This featurns
allows 9 PMC bosed system fo
operate with minimal sositlon
emor, even during hard
acceleration and deceleration
and at variable rates of spead,

Velocity feedforward is
particularly valucble for
maintaining wide dynamic
systern response wher the
position encoder is attached to
the sysem remote from the
servormotor. Exarrples of this
include an encoder measuring
web position in a winging
application or a linear encoder
aftached to o ball screw-driven
positioning table.

SAFETY FEATURES

The Loop Contactor, which can
control an ophicnal dynamic
braking resistor, is architectad ino
the PMC s a safety feature. In
normnal cperaticn, the PMC
provides an output which may be
used to encble either a locp
confactor or the senodive
Shoule the PMC sense excessive

| position ermor, it disables this
L outpuf, rendering the servomotor

powerless, This outpuf s
controllable from an MPL
program, allowing the positioning
sysem fo be placed in the IDLE
(disabled) mode,

MACHINE I/O INTERFACE
16 INPUT/OUTPUT POINTS

The FMC has 16 |/O points to
handle | mit switches, provide user
programmakle digital I/O points
and provide a convenient
interface for contolling a PMC
from a programmable controller
or directly from hardware
switches

SIMULATING INPUTS/OUTPUTS
SIMPLIFIES SET-UP/DEBUGGING

CRMECZ's Machine Interface
Sirrulator {MIS-2007 speeds
systern development of PMC-
basad systerrs. This inexpensive
unit allows the use- fo simulate
Machine Inputs with swifches and
Maochine Qufputs with LEDs in g
lab or office envircnment

SIMPLE TO INTERFACE FOR STAND-
ALONE OPERATION

Since the PVMIC-901 is equipped
with its cwn Machineg /O and
nonvolatile memery, it can be
operated in o stand-alone mode
to control @ small mochine or
machine module direcTy.

Any ASCIH ferminal, such as
ORMEC's Porfable Programming
Terminal, can ba wsed fo create
MPL programs which are stored in

the PMC's non-volatile memony,
The PMC has a "starfup
program” feature that allows it to
cparate g user program upon
powerup, so that a termrinal is not
required for operation. This user
programmab e startup program is
alsc used o Inltialize the tuning
pararmeters for the servc looos.

ACCESS MPL ROUTINES FROM A
PROGRAMMABLE CONTROLLER

The user can access up to 32 of
the 95 possible motion contral
rouftines by placing a binary
address in parallel at the MIO
interface. When the READY'
cutput irdicates that tha PMC Is
“ready’ for a new command. the
user sfarts the selected routine by
asserting the EXECUTE Input

The PMC can be infemupted at
any time by csserting the STOP
input, which stops system mction
in addition fo intemupting
program axecution:

This straightorwvard interface
allows convenient ntegration of
PMCs with a wide range of
systems, such as switches and .
relays. discrete logic systerns,
computers and programmable
coritrolles.

SERIAL
COMMUNICATIONS
INTERFACE

INTERFACES WITH RS-232, RS-
422/449 DEVICES

The PMC interfaces with any RS-
232 or RE-422/449 device. It is
shipped from the factory
stroppec for R5-232 DCE with no
hardshake to work with a
standard terminal. This interface
mcy e used for manucl
programming only or for control
under a host systar

The PMC autormatically adjusts
its baud rate over a range frem
19 2k baud to 300 baud when
communications Is initialized.

SIMPLE TO INTERFACE WITH A HOST
COMPUTER SYSTEM @

A PMIC-based systemn operafes




MULTI-AXIS IMPLEMENTATION

(Up 1o 32 Axis)
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as an intelligent stave serving a
host computer when it s
inferfaced through the Seral
Communications Inferfaoce

To communicate with the PMC.
the host sends a byte (character)
to it and waits for that character
to be processed. When the host
completes a command by
sending @ command ferminator
the PMC executes that
command and retums a promipt
character fo the host signifying its
complation

Theraefore, simply by sending
ASCI characters "o the PMC., the
host can execute PMC position-
ing commands directly, Only high
level commands and status
requests are required from the
host computer, since the PMC
isolates It from the real-time
senicing requirements of the
senvo systam,

This allows a single micro-
computer hast o manage
severa. high peformance
servomotor systems with ease,

With a PMC-9C1 or 202, which
include programming, the host
can also download a maotion
contre program to the PMC or
branch to a previcusly defined
MPEL routing in tha PMC's mation
prograrm meamory

MULTI-AX1S SYSTEMS ON SINGLE
SERIAL PORT

Tha PMC's RS-422/44% serial
communications bus is dnigue
and has a number of significant
advantages for the customer whe
needs more than one cxds of
control, The bus allows PMCs to
be separated by cistances of
more than 1,000 ft. (espacially
useful for distnbuted multi-axis
systerms) and up to 32 devices
can be conveniently connected
to the bus with sirmple, twisted
pair or mass termination cable.

With this approach, any host
computer implementing a serial
communications channel with
R5-422 inferfoce can connect
directly to the bus, or a nost with
an R5-232 serial channel can be
connectad fo the ous with an
Inexpensive serial communica-
tions bus inteface card. This Is @
true serial bus, not a daisy chain,
and offers the interconnection,
reliability and throughput
advantages of a bus structure

SYSTEM AXIS INTERFACE

MOTION REFERENCE BUS

This interdoce allows a PMC 1o
ouput its position reference
information for use by other

“slave” PMCs. Slave PMCs can
create motion which is
"referenced” to thesa signals. “his
feature allows flexible and pracisa
coordination o multiple axls
systems

Examplas of these applications
include regisfration systems,
electronic cams, elechonic
limeshafts, fiving shears, and
digital speed draw systems

DIAGNOSTICS

The PMC has a two coor LED
which is used as an output
device for on-board diagnostics.
Each time a PMC is reset, it
signals the results of en-board
diagnostics using the LED. Durng
use, nomnal CPU operation is
indicated by high frequency
toggling of the LED between red
and grean

FIELD INTERCONNECTION

Polarized, industry standard
connaectors create an effective
interface for Machine |/C ang
Sericl Communication. Field
wiring to the encoder, power
supplies, and sarvoarnplifier is
simplified by convenlent,
removabke terminal block
connectors,




MOTION.PROGRAMMING LANGUAGE (MPL)

Function Description Commands
SYSTEM SETUP Selectng System Normalize
COMMANDS Options Set/Show

Tune servo loops

MOCTION PARAMETER Defining Mation Velocity
COMMANDS Pararmaters Acceleration

Indesx

Jog

| Homa

MCTION ACTICN Cregting Motion: Jog
COMMANDS Go

Indlex

Home
PROGRAM BUFFER Entering or Editing Program

COMMANDS A Program @ Labelling Routines
| PROGRAM CONTROL Urilizing Subroutines Branching

COMMANDS & Creating Complex Looping

NMotior Control Function Call

Applications Exit
SYNCHRONIZATION/ Synchronizirg Delay
INTERFACE COMMAMNDS Motion Uritil

, & ; Tarminators

AUXILIARY OUTPUT Manipulating Output
COMMAND Machine Outputs

MOTION PROGRAMMING
LANGUAGE (MPL)

ORMEC's Moticn Pregramming
Language (MPL) provides the
systerns deslgner with a versatile
tool for writing progrars that
cr=ate high perforrmance motion
applications. A manageab e, ye-
complete, number of motien
commands can be combired fo
create complex motion—in much

the same way tha* a calculator
can be programmed to compute
complicated mathemctics. (See
the language architecture
diagram for MPL's range of
programming options.)

Single lefter commands (AVIJ,
etc.) set motion parameters such
as Acceleration rate, top Velocity

Index distance and Jog speed
These parametears are stored In o
buffer for use when a maotion is
Initiated.

MPL utilizes variations of the
sarme commands to create
motion: Index a distance relative
to the curent position: Go to an
absolute position; Jog ot the
cument jog speed; ond move af
Home spaed o the nearast
encoder reference or machine
SENsor, .

These commands mov ba
executed Interactivaly by the user




from a programming temninal, or
by a host computerwhch is
directing the activity of the PMC.
Atemattvely, the same
commands can ba combined in
step-by-step routines to configure
a sophisticated maotion control
solution.

The PMC can create mation
while centinuing to process MPL
cornmands. This powerful feature
dllows the PNMC to synchronize
output sgnals with motion or
configura the next motion before
the cument one is complete.
Commands are provided for
synchronizing the MPL program fc
the motion or Delaying a
specified time interval,

Other cornmainds are provided
for delaying Until a specific input

condition is trus before execufing
the next command: conditiorally
Branching to ¢ program in the
program suffer; Loooing toa
program segment a specified
nurriper of timas; ard calling a
Function (subroutine) from the
program ouffer.

In addition, commands are
provided for enabling several
advanced features such as:
changing the speed and
acceleration range and
rasolutiony synchronizing a PMC to
external motion such asa
variable speed machine:
synchronizing a PMC's mation
(occeleration, deceleraton or
stop) fo a high speed machine
sensor; choosing an altemate
acceleration curve such as

"s-curve for soffer starts and stoos:
and reconfiguring host
communications to binary or
ASCI hexodecimal,

As the program Is written or
edited, it is stored in motion
confral memary. MPL efficiently
utilizes this 2k byvte memory,
allewing each individual appli-
cation productive use of program
space. For example, a routine to
create 10 equd Indexes can use
as litte as 16 bytes.

Turn to the back page fo see how
MPL programming is applied in
a high performance Laser Milling
application.

TECHNICAL :
SPECIFICATIONS

POWER SUPPLIES
+SVDC 1.6A max.
H+12VDC 0154

SERIAL COMMUNICATIONS
INTERFACE STANDARDS

Eid RS-232C or RS-422 stondard
strapping Is for RS-232C (DCE)
with no fliow control

Autobauds af rates of 19.2K,
9600, 4800, 2400, 1200, 600, or 300
baud

ENVIRONMENTAL SPECIFICATIONS

Cperating Temp: 0 1o 70
cegress

Storage Temp: -25 to 125
degrees C

Relative Humidity, 0 to 90%
{(w/o condensation)

MECHANICAL SPECIFICATIONS
Max Size: 14.58" x 70" x 08"
Mo Weight one pound

ORMEC SYSTEMS CORP. « 19 Linden Park « Rochaster, NY 14625 « 716-385-3520

CENTRAL PROCESSING UNIT
fvpe BO8SA
speed 3072 MHz

MPL STORAGE (optional)
PMC-201 2K bytes EEPROM
PMC-902 2K RAM

¥




LASER MILLING
APPLICATION
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‘ “he power and flexibility of

ORMEC’s Motion Programming
Languoge (MPL) becomes
recdlly apparent when we
Investigate an ac ual application

I Company has products A
and B which are laser milled with
two distinct pattems. Patterr A
nciudeas thres equally spaced
holes, a 1/2" slot end three more
holes, while Paftern B has both
sets of three holes but omits the
slo. Pattem sslection should be
fully programmable, allow simple
changeover Tom “attem Ao B
and operate with a minimum of
oparator assistance

An MPL routine for this
apolication offers a
straighfforward approach to
achleving these cbjectves,

The program moves the bar
stock 1.500" from the material
hopper to the staring position,
and cal s Function X" which mills
the first Three hole pattem. The
PWC activates the laser, milling
three holes precisaly 250" apart
| Using an input from a switch or

sansor, the program selects efther
| Funchion "Y" or “Z" to continue
the milling operation,
Function *¥" reduces the
velocity and activates the loser to
mil the 500" center siot, Function
2" omits the slot and moves to
the location for the final threa
holes
| After recalling Function "X" to
\repeat the process of diilling the
M

three-hole patem, the systam
returmns for the next piecs. This
app-ication demonstrates how
MPL with its Terse, intultive
program command sfructure,
provides the aoility to easily
comrbine command functions in
a general manner to previde a
wide varlety of non frivial motion
control sclutions

This particular program ilius-
trates the PMC's outstanding
performance. The 250" moves

R

1

require only 32 milliseconds and
the speed regulation while millirg
the sio* s within .1%. Since this
program requires only 150 bytes
the PMC's 2048 byte program
space is adequate for signi-
ficantly more complex appli- [
cations. The power of MPL is

further illustrated by the

capability of changing the 3 hole
pattem fo 100 holes by adding

only one character to program
space

COMMENT

Label Laser milling routine “L"
Set Velocity to 30.0 in/sec (30.0 kHz)
Sat Accel rete to 1000 in/sec? (1000 Hz/msaec)
Wait Ustil Run Switch (Input 1) ison
Go fo absolute position +1.500% (+1500 counts)
C:alay until conveyar stops
Mill 3 hole pattem by calling Function "X
Mill slot for Product A by calling Function ™Y

If Input 2 Is on
S<lp slot for Product B by calling Functon “Z2"

if Input 2 Is off
Mill 3 hole pattem by calling Function “X”
Return for naxt piece (Go to obsolute position O)
Delay until conveyor sTops
Branch to "L" to repeat routine

Label Function X"

Activare laser by assering Output 1

Delay 100 milliseconds for drilling opearationr

Ceact vate |laser by clearing Cufput 1

Set Veocity to 120 Infsec (150 kHz)

Index forward 250" (250 counts); walt until
conveyor sfops

Loop fo Function "X twice

Exit "X" and continue with routing "'L"

Label Functon ™Y

Index forward 750" (750 counts); wait until
conveyor stops

Set Velocity to 2.0 infsec (20 kHz)

Activate laser by asserting Cutput 1

Index forward 500 (500 counts); wailf until
conveyor stops

Ceactivate laser oy clearing Cutout 1

Set Velocity to 15.0 iInfsec (150 kH2)

Irdex forward 750" (750 counts); wait until

convevor stops

Exit "Y" and continue with routine "L”

Label Function "£"

Set Velocity to 30.0 in/sec (300 k-z)

Irdex forward 2.000" (2000 counts; wait until
conveyor stops

Exit " and continue with routine "L"




