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How to Use This Manual

The DMC-630 Family User Manual is divided into three parts: System
Operation, Instruction Set and Appendices.

The System Operation section provides detailed information about the
operation of the DMC-630. This section includes IBM PC communication,
programming, system control and a description of system features such as
arror handling and initialization.

The first part of this section tells the user "haow to get started"”. The
Getting Started porticn of the manual gives the user a step-by-step gquide
for operating the DMC-630 in a motion comtrol system. This section takes
the user from hooking up the hardware elements to executing motion cormands
to move three motors. ’

Section II of the DMC-630 user manual gives decriptions of each of the DMC-

630 instructions. This section provides a useful reference when programming
the DMC-630 family.
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Note to Users of the DMC-610, -620, ~-615, -625%, =611, -621, =-&31

The DMC-610 is one-axis, the DMC-620 ia two—axis and the DMC-630 is a three-
axis card. All commands in this manual refer to the DMC-630. The DMC-610
and DMC~620 have the same commands except the DMC-610 permits the X
parameter only and the DMC-620 permits X and Y parameters only.

The CR, VP, VS, VA and CS commands are not valid in the DMC-610.

The DMC-615 and DMC-625 are master/slave versions of the DMC-~-600 Series.
Users of these products should use this manual in addition te the
master/slave manual.

The DMC-611, DMC-621 and DMC-631 are enhanced versions of the DMC-600
Series. The enhancement consists of both firmware and hardware
modifications. Encoder frequencies up to 2,000,000 counts/sec can be input
and the DAC resclution is increased from §-pbits to 1l2-bits. In addition,
several new commands have been added, including:

LA Arm high-speed latch

RL Report latch

SE Specify encoder type

D Tell dual encoder position

DD Define dual encoder position

GA Specify master axis for electronic gearing

Afil=n Define array element

GR Specify gear ratio

TA Set up trapezoidal acceleration

RM Specify acceleration ramp

VR Specify acceleration for coordinated move

v Set up trapezoidal acceleration for
coordinated move

TCl Report explanation of error

DR Set DAC resolution

FL Set forward software limit

BL Set reverse software limit

FI Searches for encoder index

These commands are denoted by an asterisk (*) in the user manual.
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1. GETTING STARTED

1.1. Svyvstem Elements

Before you start, you must get all the necessary elements.
These include:

1. DMC-610, DMC-620 or DMC-630 controller with 60-pin cable
2. DC Motors with optical encoders (1-3, one per axis)

3. Motor drivers (1-3, cne per axis)

4. Power Supplies for drivers

5. IBM PC/XT/AT or compatible

Helpful but not necessary

6. ICB-960 Interconnect board
7. Communication Disk
8. Servo Design Software (SDK) - Strongly Recommended! !

Motor

The motors may be brush type or brushless. They should be properly sized to
move the load at the required speed and acceleration.

Driver

The drivers should be suitable for the motor and may be linear or pulse-width-
modulated. A driver may have current feedback or voltage feedback. The
drivers should accept an analog signal in the plOV range as a command. The
amplifier gain should be set so that a +/~10V command will generate the max imum

required current. For example, if the motor peak current is 10A, the amplifier
gain should be 1 A/V.

Encoder

The encoders must have two channels in quadrature. They may have an index
channel for synchronization. It is easier when a rotary encoder is mounted
directly on the motor shaft, however, other forms of coupling are possible.
The limitation on the encoder line density is that if the encoder has N cycles
per revolution, the maximum frequency of the encoder must be limited to 125
KHz. For example, if N=1000 pulses/rev, the maximum motor velocity is 125
rev/s or 7500 rpm. The DMC-61l, -821 and -631 enhanced controllers allow
frequencies up to 500 Kiz.

The interface between the DMC-630 and the motor/encoder is simplified greatly
if the ICB-960 interconnect board is used, especially when the amplifier and
rhe motor are purchased from Galil.
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Servo Design Software
SDK~-600 software is available for step-by-step system assembly, design and
analysis. It provides automatic tuning for the controller filter. The SDR-500

also has a scope program for displaying X, Y and Z position and velocity.

Now that you have all these parts ready, you can proceed to the first step.

1.2. Connecting the Elements
Step 1 - Installing the DMC-630

The DMC-630 may be installed directly into the IBM expansion bus. The
procedure is outlined below,

1. Make sure the IBM PC is in the power-off condition. Unplug
power cord from IBM PC.

2. Remcove the five screws that hold the IBM System Unit cover in
place. These screws are located in the back of the system
unit.

3. 8Slide the system unit cover forward.

4. Remove the metal plate covering the expansion bus slot where
the DMC-630 is to be inserted.

5. Insert DMC-630 card in the expansion bus and secure with
screw. Make sure the DMC-630 is configured with appropriate
options before inserting in IBM Bus (See Appendix E}.

6. Re-secure system unit cover and tighten screws.

7. Insert the ribbon cable to JI0 connector. (Ends of cable
should be terminated appropriately to system components).

8. Power-up IBM PC.

Step 2 -~ Establishing Communication

After you have installed the DMC-630 controller and powered-up the IBM PC, you
should establish communication between the controller and PC. The easiest way
to do this is to use the communication disk available from Galil. (If you do
not have the disk, refer to Chapter 4).

To use this disk, first boot-up your computer, then insert the disk in drive A.

Type, TALK_600

to run the DMC-600 interactive communication program.
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Once you have established communicaticn, the terminal display should show a
colon, : . If you do not receive a colan, check the addressing. Please
consult the factory if you need help.

Step 3 - Encoder Interface

If you are using the ICB-960 interface card, simply connect the JI0 ribbon from
the controller to the JI0 connector on the ICB-960. Be sure that the connector
edge with the arrow corresponds to pin 1. If you also purchased a
motor/encoder from Galil, simply connect the encoder to the keyed connector on
the ICB-960 card. With other encoders, connect the encoder signals to the pins
marked PHA and PHBE. The encoder index, or marker, should be connected to the
pin marked IDX. The ICB~960 also provides 5V supply and GND to power the
encoder. These signals are available on the appropriately marked pins.

If you are not using the ICB-960 interconnect board, connect the encoder
signals to the JI0 connector as follows:

Pin # Signal
2 +5V
1 GND
X ¥ 32
33 19 13 Channel A
31 17 11 Channel B
29 1% 9 Index

Once the encoder is connected, rotate the motor shaft manually and interrogate
the position with the instruction

TP (CR)
The controller response should vary as the motor is turned.

Repeat the same process of connecting the encoders of the ¥ and Z axes.
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Step 4 - Connecting the Mcoctors and the Amplifiers

For best results, the amplifier should operate as a current scuzrce with no
additional compensation. The gain of the amplifier should be such that a 10V
input command results in the maximum required current,

The first step is to connect the motor to the amplifier and to adjust the
cffset signal so that with no input command, the motor stops.

When using the ESA amplifier from Galil Motion Control, connect the motor to
pins 1 and 4. The supply voltage and ground are connected te pins 3 and 2
respectively. Adjust the offset trimmer TS5 until the motor stops.

Before closing the locp, input the command

QE 1,1i,1 (CR}

This instruction shuts off the motor command when the position error exceeds
the error limit (2048 on default).

Also command the instruction
GN 1,1,1 (CR)
This reduces the gain c¢f the three axes control systems to the minimum value.

Now you can close the loop by applying the motor command signal from the
contrcller to the amplifier.

When the ICB~9%60 is used with the ESA amplifier, connect the pin of the J4
connector marked MCMD to pin 6 of the amplifier. The GND should be connected
to pin 8% of the amplifier only if the amplifier supply is floating in reference
to the controller supply. With other amplifiers, apply the motor command
signal to the amplifier in a similar manner.

When the loop is closed, there is a 50% probability that the feedback polarity
is wrong. When that is the case, the motor runs away causing the contreller to
shut off, and lighting the red LED. If that occurs, simply reverse the
feedback polarity by reversing either the motor wires or the encoder channels.
Once the correct feedback polarity is established, repeat Step 4 by first
typing SH ({Servo Here). The motor should remain at the initial position. The
position of the motor may be interrogated with the instructicn

TP (CR}

In response to that, the controller reports the position of the three axes.
Under normal cenditions, the position should be near zero,

After closing the X-loop, proceed with the same process with the ¥ and % axes.
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Step $ -~ Cocmpensation

Cnce the lcoop has been closed, it is neceasary to adiust the filter parameters
(GN, ZR,KI) for best response.

A simple procedure is to gradually increase the gain (GN) until the system
gscillates. This can be done, for example, with the instruction

GN 6

which increases the gain of the X axis to 6. The resulting system accuracy may
be interrogated with the instruction

TEX ({(CR)
which responds with the position error.

As the gain is increased, the positicn error decreases proportionately. If the
system oscillates, lower the gain.

To change the values of the gain of the Y and Z axis, use the instructions
GN ,6 (CR)

Qr
GN ,,8 (CR)

respectively. Similarly, the instructions TEY and TEZ return the position
errors of ¥ and Z respectively. Mare effective compensation can be performed

with the SDK software. The procedure is outlined in Chapter 2,

Once the gain parameter is increased to its maximum value, the next step is to
add an integrator for improved accuracy. This can be done with the instruction

K 1 (CR)
which sets the integrator gain of the X axis at the minimum value of 1.
Increasing the walue of KI improves the speed of the response but may cause
instability. Not all systems may operate with integrators. Their ability
depends on the meotor and the amplifier. If the integrator function causes
system oscillations, it should be avoided.

The compensation process may be repeated for the Y and the 2 axes.

Note: The SDK-600 software automatically selects the filter parameters.

1.3. Design Examples

The following examples illustrate the use of the DMC-630 controller.
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Example 1 -~ Single Axis

Chijective: Rotate the X motor a distance of 400 counts and stop.

Instruction Interpretation
PR 400 Required distance
BGX Start motion

Example 2 - Profiled Move

Objective: Rotate the X axis a distance of 10,000 counts at a sliew speed of
20,000 counts/sec and an acceleration rate of 100,000 count/s”.

Instruction Interpretation
PR 1C00CO Distance

Sp 20000 Speed

AC 100000 Acceleration
BGX Start motion

In response, the motor turns and stops.

Example 3 - Multiple Axes
Objective: To move the three axes independently.

Instruction Intrepretation

PR 500, 1000,800 Distances of X,Y,2

SP 100CG0,12000,20000 Slew speeds of X,Y,2
ARC 100000,80000,20000 Acceleration of X,Y,2
BGXZ Start ¥ and Z mction
BGY Start Y motion

The motion parameters may be specified independently as illustrated below.

Example 4 - Independent Moves

Instructicn Interpretation

PR ,300,-600 Distances of ¥ and 2
SP  ,2000 Slew speed of Y

AC ,100000 Acceleration of Y
sp ,,40000 Slew speed of I

AC ,,200000 Acceleration of Z
BGZ Start 7 motion

BGY Start ¥ motion
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Example 5 -~ Position Interrogation

The position of the three axes may be interrogated with the instruction
TP

which returns the three positions of the motors.

Tndividual axis may bhe interrogated with the instructions
TPX
TPY

TPZ

The position error, which is the difference between the commanded position
the actual position can be interrogated by the instructions:

TE
TEX

TEY
TEZ

Example 6 - Absolute Position

Objective: Command motion by specifying the absolute position.

Instruction Interpretation

pp 0,2000 pefine the current positions of X,¥ as 0 and
2000

PR 7000,4000 Set the desired absolute positions

BGX Start X motion

BGY Start Y motion

After both motions are completed, command:
PA 0,0 Move to 0,0
BGXY Start both motions
Example 7 - Velocity Control

Objective: Drive the X and the Y motors at specified speeds.

Instruction Interpretation
JG 10000,-~20000 Set speeds

AC 10C000,40000 Set accelerations
BGXY Start moticns

after a few seconds, command:
JG ~40000 New X speed

and then
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JG 20000 New Y speed

These cause velocity changes including direction reversal. The motion can be
stopped with the instruction

8T Stop

Example 8 —~ Operation Under Torque Limit

The magnitude of the motor command may be limited independently by the
instruction TL. The following program illustrates that effect.

Instruction Interpretation

L 1 Set ocutput limit of X axis to 1 unit
JG 10000 Set X speed

BGX Start X motiocn

The X motor will probably not move as the output signal is not sufficilent to
overcome the friction. If the motion starts, it can be stopped easily by a
touch of a finger.

Increase the torque level gradually by instructions such as
TL 4 Increase torgque to 4 units

The maximum level of 127 units provides the full output torgque.

Example 9 - Interrogation

The values of the parameters may be interrogated. For example, the instruction
GN ?

returns the value of the gain of the X axis. Similarly, the instruction
GN ,,7?

returns the value of the Z axis gain.
GN 2,?,?

returns the gain values for the three axes.

The same procedure applies to other parameters such as KI, ZR, FA, etc.
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Example 10 - Operation in the Buffer Mode

The instructions may be buffered before execution as shown below.

Instruction

WT

PR
SP
BGX
3G
AD
BGY
AMX
TPX
STY

20000

600000
10000

, 2000
400000

Interpretation

Wait 20000 milliseconds before reading the
next instruction

Distance

Speed

Start X motion

Set Y speed

Wait until X moved 400,000 counts
Start ¥ motion

After X motion is complete

Tell position of X

Stop Y motion

Example 11 - Motion Programs

Motion programs may be edited and stored in the memory. They may be executed
at a later time.

The instruction

ED

Editor

moves the operation to the editor mode where the program may be written and
The editor provides the line number. For example, in response to the

edited.
first ED

ooo
Q01
002
003
004

command,

#h

PR 700
SP 2000
BGX

EN

the first line is zero.

Define label
Distance

Speed

Start X motion
End program

To exit the editor mode, input <cntrl>Q.

Now the program may be executed with the command

xQ

#n

Example 12 - Motion Programs with Loops

Motion programs may include conditional jumps as shown below:

Instruction
000 #A

001 V1=1000
Q02 PR V1
003 BGX
004 AMX

005 WT 500

Interpretation

Label

Set initial value of Vi
Move X motor V1 counts
Start X motion

After X motion is complete
Wait 500 ms
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00e TPX Tell position X

007 Vi=V1+1000 Increase the value of V1
008 JP 2, V1<10000 Repeat if V1<10000

009 EN End

To start the motion, command:
XQ #Aa
Example 13 - Motion Programs with Trip Peints

The motion programs may include trip points as shown below:

Instruction Interpretation

000 #B Label

0oL bpp 0,0 Define initial positions
002 PR 30000,60000 Set targets

003 sp 5000,5000 Set speeds

004 BGX Start ¥ motion

005 BD 4000 Wait until X moved 4000
gCc6 BGY Start ¥ motion

0C7 AP 6000 Wait until position X=6000
008 sP 2000,50000 Change speeds

Q09 AP ,50000 Wait until position ¥=50000
010 SP 10000 Change speed of X

011 EN End program

Example 14 - Control Variables

Objective: To show how control variables may be utilized.

Instruction Interpretation

co00 #A Label

001 PR 4000 Initial position

002 sP 2000 Set speed

003 BGX Move X

004 AMX Wait until move is complete
00S WT 50 Wait 50 ms

006 V1= -PX Determine distance to zero
007 PR V1/2-0.5 Command X move

008 BGX Start X motion

009 AMX After X moved

010 WT S0 Wait 50 ms

011 TPX Tell X position

012 JP 14, PX=0 Exit if position=0

013 JP 6 Repeat otherwise

014 EN End

To start the program, command

Xg #A
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This program moves X to an initial position of 1000 and returns it to zero in
inerements of half the distance.
Example 15 - Control variables and Qffset

Objective: Illustrate the use of variables in iterative loops and use of
multiple instructions on one line.

Instruction Interpretation

000 #R;KIOQ; DPO; V1=-80 Set initial wvalues
001 #B; OF V1; WT 200 Set offset value
002 V2=PEX; MG OFFSET=; V1= Report offset

003 MG POS ER=; V2= Report error

004 JP #C, V2<2; Exit if error small
005 V1=vl+l; JP #B Decrease offset

006 #C; EN

Thig program starts with a large offset and gradually decreases its value,
resulting in decreasing errors.

Example 16 - Coordinated Motion

Objective: Move X and Y on a straight line.

Instruction Interpretation

vP 50000,20000 X and Y distances
vs 10600 Vector velogity

vA 20000 Vector acceleration
BGS Start sequence

This program coordinates the motion of X and Y. They start and stop
simultanecusly.
Example 17 - Coordinated Circular Motion

Objective: Illustrate the generation of coordinated motion including circular
arcs.

Instruction Interpretation

vp 0,10000 Linear segment

CR 10000,180,-90 Circular segment

vP 30000,20000 Linear segment

vs 10000 Vector speed

VA 5000 Vector acceleration
BGS Start sequence

The resulting coordinated motion is represented by Fig. 1.3.
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2. SYSTEM COMPENSATION

The DMC-630 provides digital compensation with programmable coefficients.
These coefficients, GN, ZR, KI, can be adjusted by the user to provide optimum
system performance using the experimental procedure described below. &
complete mathematical analysis is given in Appendix F. The SDK-~800 software
provides an automatic tuning procedure as well as the complete mathematical
analysis.

2.1. Selecting Filter Parameters

The digital filter includes two functions: Lead and Integrator. The lead
function stabilizes the system while the integrator adds to the accuracy. The
compensation procedure is done in two steps: First, the lead filter is
determined by the parameters GN, 2IRj later, the integrator gain, KI, is
gelected.

The simplest procedure for the selection of the filter parameters is the
following: The ZR parameter has a dafault value of 232, which is near cptimal
for most motors up to 1lHP. For systems with faster response, the value of IR
may be decreased to as low as 220, whereas larger motors may operate more
effectively with ZR values as high as 245.

The gain parameter, GN, depends on the amplifier, the motor and the load. The
selection procedure starts with che minimum value of GN 1 and increases it
gradually. As the gain increases, the system response follows the input more
closely and there is less overshoot. However, beyond a certain gain, the
system becomes less stable and may become ascillatory. If that occurs, lower
the gain to the stable range. :

Another method for selecting the ZR and GN parameters is by cbsgerving the step
response. The motor is commanded to step back and forth, and its response is
monitored and displayed on the PC screen using the SDK-600 software from
Galil.

The system may be commanded to step back and forth with the following program.

o00  #A;SP 120000;AC 200000;V1=40 Set parameters
001 Vi1=-V1;IPV1;RMX;WT S0;JP 1;EN Step back and forth

Wwhen using the step response test, it is a good idea to command a small step

guch as 40 counts to prevent saturation of the elements. The resulting step

regponse of the motor may be observed on the PC screen using the SDK software
which displays position versus time.

The step response may be of one of the forms shown in Fig. 2.1. Curve (a)
represents a slow underdamped response that can be improved by larger values of
GN and ZR. Response b is the ideal one and response c is underdamped and
requires reduced gain.
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Once the lead compensation is selected, KI may be added starting with KI i, and
gradually increasing it until the position error observed

when the motor is at rest is eliminated. Monitor the positicn error by
commanding TE. If the system pecomes oscillatory, reduce the integrator KI.

2.2. Other Compensation Features

The DMC~630 controller has other features that can help with the system design.
Thege are

FA - Acceleration Feedforward
TL - Torgque Limit
T™ - Sampling Time

The effect of these features is described below:

Acceleration Feedforward

The FA instruction adds a feedforward term to the motor command. This added
term is proportional to both FA and the commanded acceleration. The gain of FA
is such that when the acceleration equals 262144 and FA 127, the feedforward
signal equals 10V. The acceleration feedforward will reduce the fcllowing
error and will speed up the moticn time.

Torque Limit

The torque limit (TL) instruction will limit the magnitude of the motor
command. The normal range of the motor command is between -10V and +10V. The
range can be limited between -a and +a volts. Suppose that we command

T n

This limits the magnitude to a volts where

10n
a = Volts
128

The limit on the motor command limits the motor torgue. TL can also be viewed
as a software adjustable current limit, if the amplifier is a current
amplifier. The default value of TL if 127.

Note: For the DMC-6X1 Series, the torque limit default value is 2047 for a 12~
bit DAC.

The mathematical modei of FA and TL is shown in the diagram of Fig. 2.2.
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Fig. 2.2 - Mathematical model of FA and TL.
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Sampling Time
The sampling time can be changed with the instruction TM. The command

™ n
will increase the sampling time from 1000 ks to nj s (n>1000). The change in
sampling time has several effects on the system. First, it lowers the moter
speed by a factor of n/1000. It also lowers the motor acceleration by the
ratio (n/1000}2.
A secondary effect is on the digital filter. It introduces longer delay that

will normally result in less stable systems. After a change in T™M, the filter
parameters have to be re-adjusted for best performance.
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3. COMMUNICATION
3.1. OQverview

The DMC-630 receives commands from an IBM PC/XT/AT or compatible computer. The
controller is configured as a standard IBM PC Bus card that is mapped into the
I/0C space. Communication between the DMC-630 and IBM PC is in the form of
ASCII characters, where data is sent and received via READ and WRITE Registers
on the DMC-630. A handshake is required for sending and receiving data.

The DMC-630 contains a 256 character write FIFO buffer, which permits sending

commandsg at high speeds ahead of their actual execution. It alsc contains a
256 character read buffer.

3.2. Communicaticn Registers - Description

Register Descriptien Address READ /WRITE

READ for receiving data N Read only

WRITE for transmitting data N Write only

STATUS for handshaking N + 1 Read conly

CLEAR BUFFER for clearing write FIFO N+ 1 Write only
buffer

Status Bits 7 6 5 4 3 2 1 0

Error Buffer Write Read

Status Bit Name Logic State Meaning
o Read o] Data to be read~*
1 No data to be read, must nct read
1 Write o Buffer full, not ready to write
1 Buffer not full, ok to send
characters
2 Write 0 Buffer empty
Buffer 1 Buffer not empty
empty
3 Error ¢ Excessive position error on
any axis
1 No error

*If read buffer gets full, controller holds execution of communication.
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3.3. Registers - Address Selection

The READ and WRITE registers occupy the same address, N, in the I/0 space. The
STATUS and CLEAR BUFFER registers occupy the next address, N+l.

The selection of the address (M) is done by placing the appropriate jumpers on
the jumpers labeled A2 through A8 on the DMC-630.

Since the allowable address of the DMC-630 starts at 512, A2 through A8 denote
2% through 2° bits of an address after 512 has been subtracted from it.

For example, to select an address (N), first make sure it is divisible by four.
Then subtract 512 from N. Next, use jumpers A2 through A8 to represent the
binary result. A jumper across A represents a binary zerc. An open across A
represents binary one.

Example:

gelect address (N) of the DMC-63C as 1000.

Step 1 - Check if N is divisible by 4.

1300
e = 250
4

Step 2 - Subtract 512 from N.
1000 - 512 = 488
Step 3 - Convert (N - 512) into binary
488 Decimal = 111101060
2827262528235%5120
Step 4 - Let a2 through 2% denote bits 22 through 28 of (N - 512).

Then, jumper bits represented by zero. Bits represented by
one, leave open.

JUMPER CONFIGURATION
A8 A7 A6 A5 A4 A3 A2
0 ¢ 0 ¢ X 0 X

¥ = Jumpered

o
[

Open

NOTE: The default address of the DMC-630 is 1000 (A4 and AZ jumpered).
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3.4. Handshake

READ - To receive data from the DMC-630, bit 0 of the status register must be
checked. If bit 0 is zero, the DMC-630 has at least cne data-byte in the READ
register to be read. Bit C must be checked for the appropriate state for every
character read.

WRITE - To transmit data to the DMC-630, bit 1 of the status register is
checked. If bit 1 is one, the DMC-630 FIFC buffer is not full, and up to 256
characters may be written to the data register. If bit 1 is zero, the buffer
is full and no additional data can be sent. The buffer may be cleared by
writing to the CLEAR BUFFER Register however, previous data sent will be lost.

NOTE: Failure to ever read the data in the read register will ultimately cause
the DMC-630 to hang up once the Read FIFO is full.

3.5. Controller Response to Data

Most DMC-630 instructions are represented by two characters followed by the
appropriate parameters. Each instruction must be terminated by a carriage
return or semicolon.

Instructions are sent in ASCII, and the DMC-630 decodes each ASCII character
{one byte) one at a time. It takes approximately 100 Isec for the controller
to decode each character. However, the PC can send data to the controller at a
much faster rate because of the FIFQ buffer. The decoding of the carriage
return or ; 1s equivalent in length to five bytes of data.

After the instruction is decoded, the DMC-630 returns a colon (:) if the
instruction was valid or a gquestion mark (7) if the instruction was not wvalid
or was not recognized.

For instructlons regquiring data, such as Tell Position (TP), the DMC-630 will
return the data followed by a carriage return, line feed and

-
H L3

It is good practice to check for : after each command is sent to prevent
errors. An echo function is provided to enable associating the DMC-630

response with the data sent. The echo is enabled by sending the command EO 1
to the controller.
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4. PROGRAMMING
4.1. Instruction Set Format

The DMC-630 provides an extensive instruction set for programming a variety of
motion applications. Most instructions in the DMC-630 instruction set are
represented by two characters followed by an applicable parameter. These
instructions are sent one character at a time in ASCII. A semicolon or
carriage return terminates the instruction. There are a few special
instructions which are non-ASCII. These will be discussed later.

Example:
PR 4000;
PR is the 2 character instruction code (Position Relative}. 4000 is the

parameter which represents the reguired position value. The ; terminates the
instruction.

A complete listing of instructions is given in Section II of this user manual.
Phe instructions are listed alphabetically.

Where applicable, instruction parameters may be specified for the X,¥,2 axis.
Here, the axis data is separated by commas. Even if there is no data for one

axis, the commas must be used to assure correct axis assignment.

The format is X,¥,2Z-.

Example:

PR 2000 Specify X data cnly
PR 2000, 4000 Specify X and Y data
PR 2000, 4000,8000 Specify X,Y¥,Z data
PR ,4000 specify Y only

PR ,4000,8000 Specify ¥ and Z

PR ,,8000 Specify I only

PR 2000, ,8000 Specify X and Z

Instructions which require X,Y,Z data are followed by x,¥,Z in the instruction
listing. x,y and z are replaced with the appropriate data.

Other instructions require action to be taken on the X,Y or Z axis. These
instructions are followed by uppercase XYZ in the instruction set. To cause
action on the desired axis or axes, the instruction must be followed by X,¥Y or
2. TIf no axes follows the instruction, action will take place on all three
axes. & is used to specify a coordinated X,Y sequence.

Example:
BG X Begin X axis motion only
BG XY Begin X and Y axes
BG XYZ Begin X,Y¥,%Z axes
BG ¥ Begin Y only
BG YZ Begin Y and Z axis
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BG Z Begin Z

BG X2Z Begin X and 2

BG Begin X,Y¥,Z axis

BG S Begin c¢oordinated sequence

BG sZ : Begin coordinated sequence and Z axis

The DMC-830 also provides interrogation instructions. These instructions
return data.

Example: The position of the X axis is 0, ¥ is -1, and Z =1

TP X Tell pogition of X axis
Q00GCQ00 Position Data

: TP XY Tell position of X,Y axes
000000, -0000001 Position Data

: TP Tell position of X,¥Y,7 axes

0C00000,-0000001,0000001 Position Data
The data is entered and reported back in hexadecimal or decimal depending on if
the DMC-630 is configured for the HX or DC mode. In HX, the data is returned
in two's complement hexadecimal.

For example, Lif the X axis is at pesition -1, the response of the controller is

TP X Request position of X
FFFFFF Returns position in Hex;two’'s complement

4.2, Writing Motion Programs

Instructions can be sent from the PC for immediate execution or they may be
downloaded into the DMC-630 memory. The DHC-630 memory stores up to 500 lines
of 32 characters per line. Multiple commands may be stored on a line. &
semicolon separates each command on a line. Programs and subroutines are

distinguished by labels (#). Programs are entered into memory using the
editor.

Examples:

:ED Enter Editor

000 #a Label #A, Begin Program A

001 PR 1000;SP 20000;AC 100000 Define position, speed and acceleration
Q02 BG X Begin motion

Q03 AaMx; sBl After Motion Complete, Set Bit 1

004 EN End Program

<control> Q Quit Editor

1 X0 #A Execute Program #A

In the example above, the command ED is used to put the DMC-630 in the edit
mode. The edit mode is entered at the first available line number where a
command doesn’'t already exist, or the ED command can be followed by a line
number or label specification.
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In the edit mode, the memory line numbers are displayed frem CQO te 200
decimal. 000 is the first line in memory, 001 is the next line and so on.
fach line can contain up to 32 characters.

The first line number in the example contains the program label, #A. All
programs and subroutines must start with a label and end with an EN command.

Line number 001 contains the instructions for specifying the position, speed
and acceleration. BEach instruction is separated by a semicolon since they are
on the same line. The next line begins the motion on the X-axis. Line number
003 is the after motion complete command. The DMC-630 sequencer waita at this
instruction until the motion is complete. When the motion is complete, the
next instruction, SBl, is given. Line number 004 is the end command.

The program starting at label #A and ending at the EN statement is now entered.
To execute the program, you must exit the edit mode. Type <control>Q to quit
the editor. Type XQ #A to execute program #3.

Instructions which are useful in writing programs are listed below and are
described in the following secticns.

AD X,Y¥.Z2 Continue program after distance moved
AT n Continue program after input

AM XYZS Continue program after motion complete
AP x,Y¥.,2Z Continue program after position reached
EN End Program

JP destination,conditicn Jump to destination on condition
J8 destination,condition Jump to subroutine on condition

MG XXXX Print a message

NO XXX No operation (comment)

RE n Return from Error Routine

WT n Continue program after n msec have
elapsed

X n Execute program at label or line
number

vn= Define a variable

#n Define a label

Labels

Programs and subroutines must begin with a label. Labels are defined using the
# followed by one lower case or upper case letter. There are also three
special labels, =, [ and |, which are used to define input interrupt
subroutines, limit switch subroutines and error handling subroutines,
respectively.
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Exampies of labels are:

VALID Labels
#A
#a
#2
#{

To execute a program that begins with a label, enter XQ #n, where n is the
label.

Conditional Commands

Conditional commands control the execution order and timing of statements in a
program. For example, the wait command (WT) causes the program to held
execution at the current instruction until the specified time has elapsed. The
After Motion (AM) instruction holds execution of the next command until the
motion is complete on the specified axis. The AD instruction waits until the
gpecified relative distance has elapsed.

The AI command waits for the specified input. AP waits until the specified
absolute position is detected. BAS waits until the motion profile has reached
the specified speed.

Example:
#a Label #A
PA 100C,2000,3000;BG Begin X,Y,Z
AMX; CB 1 After X done, clear bit 1
AMY; SB 2 After Y done, set bit 2
AMZ; CB 2 After Z done, clear bit 2
AI 5 After input § is set
PA 0,0,0;BG Begin mection to origin
EN End Program

The other conditional instructions are the JP and JS instructions which cause a
branch to another program label, line number or subroutine if a logical
condition is satisfied. The JP and JS instruction have the format:

J& destination, logical condition
JP destination, logical condition

The destination is a program line number or label. The condition is the status
of motion, motor off, error, an input or output line, time, wvariable or limit
switch. The use of logical operators =, <, > is permitted in specifying a
condition. Mathematical operations are also permitted. Arithmetic operations
are performed from left to right.
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Jump Conditions

Condition Meaning

LX=0 (=1} X latch armed (disarmed) *

LY=0 (=1} Y latch armed (disarmed) *

LZ=0 (=1} 7 latch armed (disarmed) *

LF¥=0 (=1} ¥ Forward limit switch is low (is high)
LFY=0 (=1) Y Forward limit switch is low (is high}
LFZ=0 (=1) 7 Forward limit switch is low (is high)
LRYX=0 (=1} % reverse limit switch is low (is high)
LRY=0 (=1) ¥ reverse limit switch is low (is high)
LRZ=0 (=1} 7 reverse limit switch is low (is high}
MX=0 (=1} X-axis not in motion (in motion)
MY=0 (=1) ¥-axis not in motion (in motion)
MZ=0 (=1} Z2-axis not in motion {(in motion)

0¥%=0 (=1) X-axis motor is on (motor—cff}

oY=0 (=1) Y-axis motor is on (motor-off}-

0zZ=0 (=1) Z-axis motor is on (motor—off)
PX={specify number} X-axis position
PY={specify numbexr} y-axis position
pZ={specify number} Z-axis position

PDX={specify number} ¥-axis dual encoder positicn *
PDY={specify number} Y-axis dual encoder position *
PDZ={specify number} g=axis dual encoder position *
PCX={specify number} ¥-axis captured position *
PCY={specify number} Y-axis captured position *
PCZ={specify number} Z—axis captured position *
PEX={specify number} X-axis position error

PEY={specify number} Y-axis position error

pEZ={gpecify number} Z-axis position error

= {gpecify number} Time

*Available for DMC-6X1 Series only.

Mathematical Operations, Jumpe if equation satisfied

Example: V1+V2<V3 v2*v4 /2=0
o0=0 (=1} Output 0 is low (is high)
01=0 (=1} Output 1 is low (is high)
02=0 (=1) output 2 is low (is high)
03=0 (=1} Output 3 is low (is high)
04=0 (=1) output 4 is low (is high)
05=0 (=1) output 5 is low (is high)}
0e=0 (=1) Qutput & is low {is high)
07=0 (=1) Output 7 is low (is high)
I1=0 (=1) Input 1 is low (is high)
12=0 (=1) Input 2 is low (is high)
13=0 (=1) Input 3 is low (is high)
I4=0 (=1) Input 4 is low {is high}
I8=0 (=1) Input 5 is low (is high)
16=0 (=1) Input 6 is low (is high)
I7=0 (=1) Input 7 is low (is high}
18=0 (=1) Input 8 is low (is high)
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Example:

JP #A, Il=1 Jump to iabel A if input 1 is high

JP #B, V1+V2<v3 Jump to label B if V3 is greater than or
equal to the sum of V1 and V2

JB 2, PEX=0 Jump to line 2 if position error of X
axis equals zero

JP  #A, MX=1l Jump to label A if X-axis is in motion

JP  #B, MY=0 Jump to label B if Y-axis motion
complete

JP #C, 0%=1 Jump to label C if X-axis motor is off

JP #A, LFX=0 Jump to label A if forward limit switch
X is low

JP #B, LRY=1 Jump to label B if reverse limit switch
Y is high

JS #C, V1*Ve=4 Jump to subroutine C if the product of
V1l and V6 is equal to 4

JP #D, PY=PX/2 Jump to D if the position of Y equals
the position of X divided by 2.

Jp  #e Jump to e

Variables

The DMC-630 allows for the use of variables which provide programming

flexibility. Variables may be defined, manipulated and assigned to system
parameters.

The DMC-630 provides 64 user definable variables which are specified by the
commands VO through V63, The LT (Let) command defines the variable, however,
if Vn= is given, the LT is assumed. Variables can be defined as real numbers,
or be defined as the actual motor position (PX,PY,PZ}, dual encoder position
{PDX,PDY,PDZ) ~ for DMC-6X1 Series only, position error (PEX,PEY,PEZ}, motion
status (MX, MY, MZ), motor off (OX, 0¥, 0Z), as the state of input and output
lines and as Time (T). Variables are real numbers between the range of +/-
8388607.000. The fractional part has a resolution of 1/256th.

Example:

LT V1=6 Define V1 as the value 6

V2 = 10.125% Define V2 as the wvalue 10.125

V3 = PEX Define V3 as the position error of X

LT V7=PY Define V7 as the Y position

V8 = I2 Define VB as the state of input line 2

ve = IO Define V6 as the binary number formed by
the four input lines TI4-I1

vl = Return value of V1

Variables can be manipulated using the mathematical operations of add,

gubtract, multiply and divide. These operations are executed from left to
right.
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Example:

V1 = V2+V3I*2 Define V1 as the sum of V2 and V3 then
multiplied by 2

V63 = PEX/2 Define V&3 as the position error of X
divided by 2

V1o = PX-PY Define V10 as the position of X minus
the position of ¥

Vil = 2*V7 Define V1l as the product of 2 times V7

v2 = PpX Define V2 as dual encoder pesition of X

Variables can be defined and manipulated within a motion program. They can
also be assigned by the host computer during program execution. Variables can
alsc be tested using the logical operations in the conditicnal jump statement.

Example:
JP  #A, V1<vV2 Jump to A if V1 is less than or equal to
v
JP #B, PEX=0 Jump to B if position error of X
equals zero
Jp  #C, Il=1 Jump to C if input 1 is high

Once variables are defined and manipulated, they can be assigned as the value
of a motion parameter. For example, the position error of one axis can be
defined as the new position of another axis.

Example:
PR PEX,PEY " Define X and Y travel as X and Y
position error
SP V1/2 Set the speed as V1 divided by 2
AC V1=*xVv2 Set the acceleration as V1

multiplied by V2

Inputting Data

The command, IN, is used to prompt the user to enter a value. The entered
value is asgssigned to the specified variable.

Example:
IN ENTER SPEED,V1 Prompts user to "Enter Speed”.
The entered value is assigned to
variable V1.
Print Statement
The MG command can be used to print a statement during program execution. Up
to 29 characters can follow the MG command. The final (CR)(LF) may be

inhibited by ending the command with a ; . For example, variable values can be
returned using ;Vn= following the MG statement.
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Statement Function
MG Bello There Prints "Hello There™
MG Position of X=;Vl= Prints "Position of X = 0000000.000"

The OP code, NO, can be used as a commuent 3tatement. During execution, the

command has no operation. Up to 29 characters can folilow the NO command.
Subroutines

Subroutines may be used in sequences. Subroutines begin with a specified line
number or label and end with an END (EN) statement. Subroutines are called
from the main program with the jump subroutine instruction J8, followed by a
label or line number operand. Up to 5 subroutines can be nested.

An example of a subroutine to draw a square 500 counts per side is given below.
The square is drawn at vector position 1000,1000.

Example:

#5;NO Square Subroutine Begin sequence subroutine

V1=500;J5 #L Define length of side

V1==V1;JS #L Switch direction

EN End subroutine

#L,;PR V1,V1;BGX Define X,Y; Begin X

AMX; BGY ; AMY After motion on ¥, Begin Y

EN End subroutine

#M;NOC Main Program Begin Main Program

CBO Clear output bit 0 (pick up pen)
ve 1000,1000;:BGS Define vector position; move pen
580 Set output bit ¢ (put down pen)
JS #5;CBC Jump to square subroutine

EN End Main Program

4.3. Editing Motion Programs

DMC-630 programs may be entered, modified or deleted using the DMC-630 editor.
The editor instructions are listed below and described in detail.

EDITOR INSTRUCTIONS

Instruction Function

ED #A or n Edit line

<RETURN> Save line

<cntrl>p Previous line

<cntrl>I Insert line

<cntrl>D Delete line

<cntri>Q Quit editor

L5 #RA or n, #A or n List {not used in Edit mode)
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The ED command puts the DMC-630 in the edit mode. If no operand follows the
command, the editor will default to the last line of the pregram. The user can
edit a specific line number or label using the operand n or #A. When EDQ is
ryped, the terminal displays:

:ERO
000

The cursor will now be following the line number.

If a line number is given that has not previously been edited, the DMC-630 will
begin editing at the last line edited.

The maximum number of lines in a precgram is 500. Line numbers will appear as
000, 0¢1, €02 and so on.

Example:
ruchtion Function
tED Puts editor at end of program
:ED 5 Puts editor at line 5
:ED #C Puts editor at label #C
<RETURN>

Typing the return key causes the current line to be saved. The editor will
automatically advance to the next line. Thus, hitting a series of <RETURN>
will cause the editor to advance a series of lines.

<cntrl>p

The <cntrl>P command moves the editor te the previous line.

<gntrl>T

The <cntrl>l command inserts a line above the current line. For example, if
rhe editor is at line number 2 and <cntrl>I is applied, a new line will be
inserted between lines 1 and 2. This new line will be labeled line 2. The old
line number 2 is renumbered as line 3,

<cntrli>D

The <cntrl>D command deletes the line currently being edited. For example, if
the editor is at line number 2 and <cntrl>D is applied, line 2 will be deleted.
The previous line number 3 is now renumbered as line number 2.
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<cntrl>Q

The <cntrl>Q quits the editor mode. In response, the DMC-630 will return a
calon.

LS

The LS command lists the program. If no operand follows the LS command, the
entire program will be listed. The user can start listing at a specific line
or label using the operand n or #A. A command and new line number or label
following the start listing operand specifies the location at which listing is
to stop. The LS5 command cannot be given when the DMC-630 is in the edit mode.

Example:
Instruction Function
: LS List entire program
: LS S Begin listing at line 5
: LS 5,9 List lines 5 thru 9
: LS #a,9 List line label #A thru line 9

4.4. Executing a Program

A program can be executed using the XQ command. The XQ command must always be
followed by a label which defines the beginning of a program to be executed.
For example, XQO#A means execute the sequence starting at label #A. Remember to
Quit the edit mode before executing a program.

4.5. Debugging Programs

The DMC-630 provides trace and error code commands which are used in debugging
programs. The trace command may be activated using the command, TR1. This
command causes each line in a program to be sent out to the communications port
immeciately prior to executicn. The TRl command is useful for debugging
programs. TRO disables the trace function. The TR command may also bhe
included as part of a program.

If there is a program error, the DMC-630 will halt program execution at the
line number at which an error cccurs. This line will be displayed. The user
can obtain information about the type of error condition that occurred by using
the command, TC. This command reports back a number between 1 and 255. These
numbers correspond to the following error conditions. For the enhanced DMC-6X1
Series, the TCl command will also report the text error condition.
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Unrecognized command

Command only frem program

Command not valid in program

Operand error

Command too long

Number out of range

command not valid while running

Command not valid when not running

Bad variable number

Empty sequence line or label

Invalid label or line number

Subroutine mcre than 8 deep

JG only valid when running in jog mode

Checksum error

IP incorrect sign during position move or IP given
during forced deceleration

£dit & DL not valid when program running

Command not valid when contecuring

Begin not valid with motor off

Begin not valid while running

Begin cannot be executed because of limit switch

Begin not valid because no VP,CR segquence defined

Variable not given in IN command

AM must not have more than one parameter

Not valid during coordinated move

Sequence segment too short

Total move distance in a sequence > 8 million

More than 255 segments in a sequence

Download Error {line too long or teo many lines)

Contouring record format error

Contouring record range e€rror

Contour record data being sent too slowly

Array index or syntax error

Gear axis both master and follower

MP only valid in Master/Slave Mode

No sequence in Master/Slave
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5. MODES OF MOTION

The DMC-630 controller can operate in various modes of motion including
profiled positioning of each axis, incremental positioning, jogging and
coordinated motion of two axis. In all of these modes, the DMC-630 must be in
Servo operation.

5.1. Profiled Positioning {Independent)

In this mode, the acceleration rate (AC), slew speed (SP) and end position (PA)
or (PR) for each axis are specified. On Begin (B8G), the DMC-630 generates a
trapezoidal or triangular velocity profile and position trajectory. A new
command position along the profile is generated every 1 msec. Motion is
complete when the last position command or target position is generated by the
DMC-630. The actual motor motion may not be complete at this point.

The Begin command can be issued for all axes either simultanecusly or
independently. A new Begin command for moticn on an axis may not be given
until motion is complete on that axis.

The speed can be changed at any time during moticn. The acceleration cannct be
changed during positioning. A stop command can be issued at any time to
decelerate the motor to a stop before it reaches its final position.

The IP n command may be used while the motor is moving to specify a new
pesition target. The new end position is equal to the old end position plus
the increment, n. Upon receiving the IP command, a revised profile will be
generated for motion towards the new end positicn. The position increment, n,
must be in the same direction of motion. The IP command does not require a
begin. Note: If the motor is not moving, the IP n command is equivalent to
the PR and BG command combination.

Example:

Required Motion Profiles

X-Axis 500 counts Position
10000 count/sec Speed
500000 counts/secz Acceleration
Y-Axis 1000 counts Position
15000 count/sec Speed
500000 counts/sec? Acceleration
Z-Axis 100 counts Pogition
5000 counts/sec Speed
500000 counts/sec1 Acceleration

Start X and Y motion at same time. After 20 msec, start 2 motion. If input 1
is high, stop Y metion.

000 #A BEGIN PROGRAM
CO1 PR 500,1000, 100 Specify position
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002 sSp 10000, 15000,5000 Specify speed

003 Ac 500000,500000,500000 Specify acceleration
004 BG XY Begin X and ¥

Q05 WT 20;BG 2 Wait 20 msec and begin Z
006 JP #B,Il1=0 Jump if input 1 is low
007 STY Stop Y

008 #B;END END PROGRAM

Figure 5.1 shows the velocity profiles for the X,Y and Z axis.

5.2. Jog Mode

In this mode, an end position is not specified and the motor slews at the
specified speed until a stop (ST) command is issued. The acceleration and jog
speed are specified using the AC and JG command, respectively. The direction
of motion is specified by the sign of the JG parameter. Motion begins on the
Begin command.

The jog speed, acceleration, and direction of motion may be changed at any time
during motion. The IP n command can also be used to instantly change the motor
position. Upon receiving this command, the motor will instantly try to servo
to a position which is equal to the increment, n, plus the current position.
mhig command is useful when trying to synchronize the position of two motors
while they are moving.

T+ should be noted that the BMC-630 operates as a position controller even
while in the jog mode. The DMC-630 converts the speed and acceleration profile
intoc a position trajectory. A new position target is gpecified every 1 msec.
This method of control results in very precise speed regulation with phase lock
ACCUracy.

Example:
Required Motion Profile

1} Jog X motor at S00000 counts/sec
Direction is forwaxd

2) Start Y motor after 1000 msec
Jog ¥ at 20000 counts/sec
Direction is reverse
3) After 2000 msec
Change X speed to 100000 counts/sec and change direction of X

motion

4) Stop X and ¥ after Input 1 is high

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



36

Velocity
{counts/sec)
15000 -
10600 -
X Axis
Y Axis
5000 —
7 Axis
] { ] E n T >
10 20 30 40 50 60 70 80 90 time
(msec)

Input 1 is high

Fig. 5.1 - Velocity Profiles of X,Y,Z

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



000 #A BEGIN PROGRAM

001 JG 500000,-20000 Set X,Y¥ jog speeds and direction

002 AC 500000,500000 Set X,Y acceleration

003 BG X Begin jogging X

004 WT 1000;BGY After 1000 msec, begin jogging Y

005 WT 1000;JG6 -100000 After 2000 msec from Begin X, change
speed and direction

006 AI 1;3TXY After input 1 is high, stop X, ¥
motion

Q07 EN END PROGRAM

5.3. Coordinated Motion Sequences

Operation in this mode allows moticn along the X and ¥ axis to be coordinated.
The Z-axis is independent. In this mode, the vector position, vector speed
(feedrate) and acceleration are specified. Both linear and circular arc
segments can be specified. The coordinated motion mode provides continuous
motion along the path.

Up to 255 straight line and arc segments can be given ahead of execution to
specify a motion path or sequence. Upon the begin sequence (BGS) ccmmand,

continuous motion along the segments is generated at the vector speed and
acceleration.

The terms of coocrdinated motion are best explained in terms of the vector
motion. The vector velocity, Vs, which is also known as the feed rate, i3 the
vector sum of the velocities along the ¥ and Y axes, Vx and Vy.

Vs = \[sz + Vy2

The vector distance is the integral of Vs, or the total distance traveled alcong
the path. To illustrate this further, suppose that a string was placed aleng
the path in the X-Y plane. The length of that string, represents the distance
traveled by the vector motion.

The path consists of straight line segments and circular arcs. Up to 255
segments may be added to define a motion sequence. Larger numbers of segments
must be broken into several sequences. The motor must stop at the end of each
sequence.

The vector velocity is specified independently of the path to allow continuous
motion. The path is specified as a collection of segments. For the purpose of
specifying the path, define a special X-Y coordinate system whose origin is the
starting point of the sequence. Each linear segment is specified by the X-Y¥
coordinate of the final point expressed in units of resolution and each
circular arc is defined by the arc radius, the starting angle and the angular
width of the arc. The zero angle correaponds to the positive direction of the
X-axis and the CCW direction of rotation is positive. Angles are expressed in
degrees and the resolution is 1/256th of a degree. For example, the path shown
in Fig. 5.2 is specified by the instructions:
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Fig. 5.2 - X-Y¥ Motion Path
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ve 0, 10000
CR 10000, 180, =90
ve 20000, 20000

The first line describes the straight line vector segment between points A and
B. The next segment 1s a circular arc, which starts at an angle of 180% and
traverses -90%., Finally, the third line describes the linear segment between
points C and D. Note that the total length of the motion consists of the
segments:

A-B Linearx 16000 units
B-C Circular RIAB|2®'= 15708

360
C-D  Linear 10000
Total 35708 counts

In general, the length of each linear segment is

2

= 2
Ly = Xk® + Yk

Where X, and Y, are the changes in X and Y positions along the linear segment.
The length of the circular arc is

L = Ry |48 124/360

The total travel distance is given by
n
D=2 Iy
k=1

This total distance must not exceed 8,388607. The velocity prafile may be
specified independently in terms of the vector velocity and acceleration.

For example, the velocity profile corresponding to the path of Fig. 5.2 may be
specified in terms of the vector speed and acceleration.

vs 100000
VA 2000000

The resulting vector velocity is shown in Fig. 5.3.

The acceleration time, T is given by

ad‘
vs 100000

T = = = (_ (53
a VA 2000000

The slew time, Tgr is given by
D 35708

P e = P W e = =005 = (.307 s
3 vs a 100000
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Fig. 5.3 - Vector Velocity Profile
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The total mation time, Tt, is given by

T _D_, T _0.407s

A a—

L vs a

The velocities along the X and Y axes are such that the direction of motion
follows the specified path, yet the wvector velocity fits the vector speed and
accelsration requirements.

For example, the velocities along the X and Y axes for the path shown in Fig.
5.2 are given in Fig. 5.4.

Fig. 5.4a. shows the vector velocity. It also indicates the pesition peoint
along the path starting at A and ending at D. Setween the points A and B, the
- motion is along the Y axis. Therefore,

V., = Vs
and ¥

Vx=0

Between the points B and C, the velocities vary gradually and finally, between
the points C and D, the motion is in the X direction.

The following examples illustrate the generation of coordinated motion.

Example 5.1. - Linear Interpolation
Move the X-Y system along a straight line as shown in Fig. 5.5. with a gectcr
velocity of 20,000 count/s and a vector acceleration of 100,000 count/s®. The

vector velocity is shown in Fig. 5.6.

The program consists of the following instructions:

ve 20000, 10000 vector pasition

vs 20000 Vector velocity

VA 100000 Vector acceleration
BGS Start sequence

The first instruction, VP, defines the path to the final point. VS and VA
define the vector velocity and acceleration respactively and BGS starts the
motlion sequence.

Example 5.2.

Generate a motion sequence corresponding to Fig. 5.7. The vector velocity is
4000 count/s and the vector acceleration is 100,000 count/sz.

Determine the moticn time and show the vecter velocity vs the X and ¥
velocities.

The motion censists of three segments:
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Fig. 5.4 - Vector and Axes Velocities
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Fig. 5.5 - Motion Path of Example 5.1
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Fig. 5.6 - Vector Velocity of Example 5.1
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Fig. 5.7~ Motion Path of Example 5.2
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1. Linear, ending at point (5000, 5000}
2. Arc with radius R=4000 starting at 135° and width -45°
3. Linear, ending at (10000, &172)

The moticn can be generated with the program

vP 5000, 5000 Initial segment

CR 4000, 135, -45 Circular segment

vP 10008, &l72 Third segment

Vs 4000 Vector speed

vA 106000 Vector acceleration
BGS Start the sequence

The lengths of the segments are

A-B Linear L, = \Jx""f- ¥ = 7071

B-C Circular L, = RIAS12N7360 = 3141
C-D Linear L, = Ax = 2172
Total D = L1 + L2 + L3 = 12384 counts

The acceleration time is:

a VA 100000

ol 12384

T = ——-T = — = (.04 = 0.084
8 Vs a 1004009

Tetal time is:

Tt = 2 Ta + ’ZT.'S = (.Ll64s
The velocities are shown in Fig. 5.8.
Each sequence is limited to 255 segments. If a larger number of segments are
required, they can be combined into several sequences. However, the system
will come to a stop at the end of each sequence.
The axes velocities Vx and Vy, are continuous only if the connecting motion
segments have the same tangent. Other angular connections result in velocity
discontinuities as shown below.
Example 5.3.

Generate a motion along the path shown in Fig. 5.8.

The motion can be programmed as a single sequence with the following program.
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VP 4000, 3000
VP 7000, 7000

vs 20Q00C
VA 200000
BGS

This results in velocities as shown in Fig. 5.10.

Note that the commanded velocities have discontinuities at the transition peoint

at t=0.3. This results in a velocity error causing a deviation from the
required path.

The deviation can be eliminated by generating the motion as two separate
sequences, as shown by the fellowing program.

VP 4000, 3000

VA 100000

Vs 20000

BGS

AMS

veE 3000, 4000
VA 10000C

vs 2000

BGsS

The coordinated mode permits the use of the trip points WT and AD. AP is not
allowed. WT causes a time delay and operates the same manner as in the
independent mode.

The AD n holds the instruction until the moticn has reached a fotal vector

distance of n counts from the start of the sequence. This is illustrated
below.

Example 5.4.

Consider the path shown in Fig. 5.11. The objective is to move along the
circular arce and the first half of the linear segment at a constant vector
speed. Starting at the point X=15,000, the vector velocity has to drop to one
half of its original value and proceed with the motion to the end point.

The circular arc has a radius of 10000 counts and a width of 90%, therefore,
its length is

L1 = R|AB|2T/360 = 10000490¢2%/360 = 15708

The change in velocity should take place at point €, which is 5000 counts
beyond point B, a total distance of 20708 from the start.
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Fig. 5.8 - Vector and Axes Velocities oﬁ Example 5.2
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Fig. 5.11- Motion Path of Example 5.4
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The required meotion is generated by the program

CR 10000, 180, -90
VP 20000, 1000C

Vs 40000
VA 500000
BGS

AD 20708
Vs 20000

The resulting velocities are shown in Fig. 5.12.

The motion of the Z axis may be synchronized with the coordinated X-Y motion by
the WT and AD trippoint as shown below.

Example 5.5.

A regquired 3-dimensional motion path is shown in Fig. 5.13. The motion in the
X-Y plane must be continucus. At some specified position, the Z axis performs
a move as described. Note that the distance between points A and B is

|12000° + 16000" = 20000

and the distance to point C is

d k. Z
30,000 + 40000 = 50000
Accordingly, the 2 motion should take place after distances of 20000 and 5G000.

The motion may be generated by the following program:

VP 60000, 45000 Vector path

vs 5000 Vector speed

VA 200000 Vector acceleration

BGS Start sequence motion

sp ,, 100000 Speed of I axis

AC ,, 2000000 Acceleration of 2 axis

AD 30000 Hold sequence until a distance of 20000
was reached

PR ,, 3000 Distance 2

BGZ Start Z motion up

AMZ After Z moved

WT 20 Wait 20 ms

PR ,, =3000 Distance 2

BGZ Start % motion down

AD 50000

PR ,, 3000

BGZ Repeat second move of 2Z

AMZ

WT 20

PR ,, -3000

BGZ
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Fig. 5.12- Velocities of Example 5.4
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Fig. 5.13 - Motion Path for Example 5.5
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Surmary of Instructions - Coordinated Mode
VP m,n - Vector Position

Defines the end point of a segment in a motion sequence as an X-Y coordinate in
refarence to the starting point of the sequence. m and n may be numbers in the
range of +/-8:10°, provided that the total distance traveled by one sequence
mast be limited teo 8+10°7.

CR R, 3, AB- circle

Gaperates circular arcs. R, expressed in units of encoder counts, is limited
to 8 10°. 2 and AEaare expressed in degrees. 3 is limited to the range 0.000-
360.000 and MG is limited to +/-65000.000.

VS n - Vector Speed

Defines the vector speed of the moticn in units of count/sec. VS is related to

the axes velocities, Vg and Vy, by

vs =\ v.2 + v 2

X Y

The speed range, n, is limited to the range 2-500,000 count/s, with a
resolution of 2.

VA n - Vector Acceleration

Defines the acceleration rate along the path in units of count/sz. The range
of n is between 1024 and 8+10° count/s“.

AD n - After Distance

The instruction AD n will hold the execution of the following cormmand until the
distance traversed by the Jector motion reached n counts. n is a positive
number in the range 0-8.10 .

aMsS - After Move-Sequence

The instruction AMS holds execution of the following command until the motion
sequence is completed.
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5.4. Motion Contouring Mode

The motion contouring mcde allows the generation of an arbitrary motion
trajectory with any of the axes. The learn mode allows learn-and-playback of
the motion trajectories.

In the contouring mode, the user specifies the motion increments, DX, DY and DZ
as well as the corresponding time increment, DT. The controller performs
linear interpolation between the specified increments. One point for each
millisecond.

Consider, for example, the trajectory shown on Fig. 5.14. The position X may
be described by the points:

Point 1 X=0 at T=0 ms
Point 2 =48 at T=4 ms
Point 3 X=138 at T=12 ms
Point 4 X=302 at T=28 ms

The same trajectory may be represented by the increments

Increment 1 DX = 48 DT = 4 .
Increment 2 DX = 90 DT = 8
Increment 3 DX = 164 DT = 16

When the controller receives the command to generate a trajectory along these
points, it interpolates linearly between the points. The resulting
interpolated points include the position 12 at 1 ms, position 24 at 2 ms, etc.

Communication Format - Contouring
The contouring mode is initiated by the instruction

CM XY¥Z

The parameters X,Y,Z select the axis for this mode. Any combinations of one,
two or three axes may be selected. Axes which are not selected for contouring
may operate independently in other modes. Once the contouring axes are
selected, they cannot be changed on-the-fly. The user must exit the contouring
mode before the selected axes may be changed.

The mode initiation command is followed by data records, which are terminated
by an end record, as shown in Fig. 5.15.

The format of the data record is shown in Fig. 5.16. A data record consists of
8 bytes which include a header, a time increment byte, and two bytes each for
DX, DY and DZ.

The header byte is 80H. The time increment byte is a number between 81H and
88H. The difference between that number and 80H defines the number n. n must
be limited to

1 <n«<38§
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The time interwal, DT, is related to n by
DT = 2%
as a consequence, DT may be in the range
2 < DT < 256 ms.
Following are the increments DX, DY and DZ. Each increment is desacribed by two

bytes. Although the value of the increments for non-contouring axes are
ignored, the format of 8 bytes per data record must be kept.
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Fig. 5.15 - Structure of Information Flow
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Fig. 5.16 - Data Record

808
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Fig. 5.17 - End Record
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The contouring mode must be terminated with an end record, including the
80H twice, as shown in Fig. 5.17.

Operation - Contouring

1.

Any combination of axes may be controlled in the contouring mode.
‘Axes non-contouring may be operated in other modes.

While data records are transmitted to the controller, other
commands may be sent too. However, it ig advisable to operate with
relatively large time intervals (n equals more than ¢4) to allow for
sufficient communication time between records of data.

The time interval, DT, is defined by the number n by the equation
DT = 2n (DT in milliseconds)

The permitted range of n is petween 1 and 8 resulting in a time
intervals between 2 and 256 milliseconds.

The increments DX, DY and DZ are defined by two bytes. The upper
pyte is limited to +/-125, resulting in increments in the range of
+/=-32,000. Position increments must be specified for all the
three axes. However, the value of the increments for
non-contouring axes are ignored.

When a data record is received, it is processed immediately. The
controller does not seek new data records until the end of the
specified time interval (DT). This implies that the execution of
other commands in the FIFO is delayed by the corresponding time
intervals.

when bad data is received, the controller responds with a ?. The

cause of the error may be diagnosed with the TC {Tell Code)
instruction. The response to TC may include the codes

40 - Format Error
41 - Range Error

Format error will occur if the header byte is not 80H or if the
most significant bit of the second byte is zero.

Range error includes a value of n outside the range 1-8 and the
most significant byte of the position increment not being within
+/-125.

If no new data record is found, the controller waits for new data.
No new motion commands are generated while waiting.

Wwhen the off-on-error mode is activated, OE 1, and a large position

error is developed for any one of the contouring axes, all the
contouring axes will be shut off.
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9. End Record - The contouring mode is terminated by an end record
consisting of the byte 8JH twice.

Learn Mode - LN

The learn mode enables collecting position data in a form compatible with the
contouring mode. This allows recording the position data by the hest computer
and playing it back to duplicate a specific motion.

The learn mode is activated with the instruction

IN n

The parameter n defines the time interval. The value of n must be between 1
and 8 and it sets the time interval to

pT = 2B

In response to the LN n instruction, the controller transmits data records in
the format discussed above., These recerds may be sent back to the controller
for "replay"™ of the motion traiectory.

The time interval may be changed with ancther LN n instruction. The change
takes place after the completion of the current time intervals.

When the time intexval is long (typically above 64 ms), the position increments
may exceed the range of +/-32,000. In that case, the controller reports an
increment of 32,256 or 7EH at the most significant byte.

The learn mode is terminated with the instruction

LN or LNOQ
which causes the controller to transmit an end record.

Data records are stored in the read buffer. If the read buffer gets full, data

records will be lost. If that occurs, bit 4 of the second byte of the data
record will be set.

5.5. Electronic Gearing (For DMC-621 and DMC-631 only)

Electronic gearing allows 1 or 2 axes to be electronically geared to cone master
axis. The master may rotate in both directions and the geared axes will follow

at the specified gear ratio. The gear ratic may be different for each axis and
changed during motion.

The command GAX, GAY or GAZ specifies the master axis. There may only be cone
master. GR X,y,Z specifies the gear ratios for the slaves where the ratic may
be a number between +/-127,9%4. GR 0,0,0 turns off electronic gearing for any
set of axes. A limit switch will alsc disable electronic gearing for that
axis. GR causes-the specified axes to be geared to the actual position of the
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master. The master axis may be commanded with motion cemmands such as PR, PA
or J@.

Command Summary - Electronic Gearing

GA n Specify master axis for gearing where
n=X,Y¥ or Z for X,¥ or Z-axis master
n=XC, YC, 2C for commanded position as master

GR x,¥,2 Sets gear ratio for slave axes. 0
disables electronic gearing for
specified axis.

Example:

Master axis moves 10000 counts at slew speed of 100000 counts/sec. Y is
defined as the master. X,Z are geared to master at ratios of 5,-.5
respectively.

GAY Specify master axis as Y
GR 53,,-.5 Set gear ratios

PR , 10000 Specify Y position

Sp ,100000 Specify Y speed

BGY Begin motion

Example - Electronic Gearing

Run two geared motors at speeds of 1.132 and -0.045 times the speed of an

external master. The master motor turns at speeds between ¢ and 1800 RPM (2000
counts/rev enceder),

Solution: Use a DMC-631 controller where the Z-axis is the master and X and ¥
are the geared axes.

MO 2 Turn Z off, for external master
GA Z Specify master axils
GR 1.132,-.045 Specify gear ratios

Now suppose the gear ratic of the X-axis is to change on-the-fly to 2. This
can be achieved by commanding:

GR 2

When the master motor is driven by an external controller, the master encoder
may be applied to the auxiliary encoder of the slave motor.

Tor example, to synchronize the motor X with an external encoder with a gear

ratio 1, apply the external encoder to the Y-axis of a DMC-621 controller and
use the instructions;:
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GAY Define master as Y
GR1 Set gear ratic as 1:1

In several applications where both the master and the follower are controlled
by the DMC-6G0 controller, it may be desired to synchronize the follower with
the commanded positicn of the master, rather than the actual position. This
eliminates the coupling between the axes which may lead to oscillations.

For example, assume that a gantry is driven by two axes, X,¥Y, on both sides.
The X-axis is the master and the Y-axis is the follower., To synchronize Y with
the commanded pesition of X, use the instructions:

GAXC Specify master as commanded position of X
GR, 1 Set gear ratio for Y as 1l:1

PR 3000 Command X motion

BGX Start motiomn

You may also perform profiled position correcticns in the electronic gearing
mode. Suppose, for example, that you need to advance the slave 10 counts.
Simply command

ir 10
which is equivalent to PR 10; BG.

Often the correctien is quite large. Such requirements are commen in
synchronizing cutting knives or conveyor bhelts.

Example - Synchronize two conveyor belts with trapezoidal velocity correction.

GAX Define master axis as X

GR, 2 Set gear ratio 2:1 for ¥

PR, 300 Speclfy correction distance

s, 5000 Specify correction speed

aAC, 100000 Specify correction acceleration
BGY Start correction

5.6. Dual Loop=-Auxiliary Encoder (DMC-6X1 Series only)

The DMC-6X]1 Series provides additional inputs for az 2-channel encoder on each
axis, These inputs can be used for dual-loop applications where encoders are

placed on both the motor and on the load, or when a train of pulses needs to be
counted.

The auxiliary encoder accepts encoders with two channels in quadrature. It can

also accept encoders with a single channel or two up/down pulse trains, called
INC/DEC.

The auxiliary encoder or INC/DEC signals are connected to the auxiliary 40-pin
connector at the following input lines.

Pin 13 CHA Z or INC 2 Pin 19 CHB Y or DEC Y
Pin 15 CHB Z or DEC 2 Pin 21 CHA X or INC X
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Pin 17 CHA Y or INC Y Pin 23 CHB X or DEC X

To enable and configure the auxiliary encoder counters, use the SE X,vy,Z
command, where

X,¥,2z2 may be ¢,1,-1
where
) —- Disable auxiliary encoders
1 -- Enables dual encoders of quandrature types

-1 -- Enables auxiliary input for INC or DEC. Inactive input
must be low.

The DD x,y,z command can be used to define the position of the auxiliary
encoders. For example,

DD 0,500,-30
sets their initial values.

The positions of the auxiliary encoders may be interrogated with TD. For
example,

TC XY¥2
returns the value of the X,Y and Z auxiliary encoders.
The auxiliary encoder position may be assigned to variables with instructions

V1=PDX or V1=PDY or V1=pPDZ

Example - Backlash Compensation

Run a linear slide by a rotary motor via a lead screw. As the lead screw has a
backlash, it is necessary to use a linear encoder to monitor the position of
the slide. In addition, for stability reasons, it is best to use a rotary
encoder on the motor.

Implementation

Connect the rotary encoder to the X-axis and connect the linear encoder to the
auxiliary encoder of X. The design approach is to drive the motor a distance,
which corresponds to 40,000 rotary counts. Once the motion is complete, the

controller monitors the position of the linear encoder and performs position
corrections.

This 13 done by the following program,
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Instruction Interpretaticon

#D Label

SE1l Set mode

pno Set initial wvalue

PR 40000 Main move

BGX Start motion

#C1 Correction lcop

AMX;WT 20 Wait for motion completion
IP 40000-PDX Correct linear encoder errcr
EN End program

5.7. S=Curve Profiling (DMC-8X1 cnly*)

The DMC-6X1 Series allows S-curve profiling where the acceleration is a
trapezoid or triangular. This results in reduced vibration in the system,
especially in systems with flexible mechanical structures.

To set the trapezoidal acceleraticn mode in the independent or coordinated
moves, use the instructions:

TA xX,¥.2 Set trapezoidal acceleration for
independent move
™V n Set trapezoidal acceleration for

coordinated move
where

X,¥,2, n=1 Trapezoidal acceleration
X,y,2, n=0 Standard {square) acceleration

The additional parameter of the acceleration ramp (Acceleration derivatives) is
set by the instructions:

RM x,v.,2 Specify acceleration ramp for independent
move

VR n Specify acceleration ramp in coordinated
move

The units of the acceleration ramp are in (count/secz)/z ms. For example, if
the peak acceleration rate is 100,000 count/s® and the peak acceleration must
be reached in 20 ms, the time interval equals 10 x 2 ms and therefore, the
acceleration ramp equals

100,000

Ramp =-—_7E;——_ = 10,000 (count/sz)/z ms

Note: It is not possible to change the velocity or acceleration of an S-curve
move once it has begun.

The general velocity profile with trapezoidal acceleration is shown in Fig.5.1.
Define the time intervals:
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TR - Time interval for acceleration ramp
TA - Time interval where the acceleration is constant
Tg - Time interval where the speed is constant

The motion paremeters are given by:

Digtance [counts]

Speed [count/s]

Acceleration [count/32]
Acceleration Ramp [(count/sz)/z ms }

:U;ﬂUIKU
i

The relationship between the time interval, in seconds, and the motion
paremeters are:

R*TR*500
Ax (TR+TA)
= S*{2TR + TA + TS)

A
5
D
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Acceleration

TR TA TR TS TR TA TR time

Velocity

Fig. 5.1 - Trapezoidal Velocity (S-Curve) Profile,
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Example - Consider an independent move with the parameters:

D = 55,000 counts

TR = .2
TA = .3
TS = .4

From the above equations we can compute the rest of the parameters:

8§ = 50,000 count/s
A = 100,000 count/s
R = 1000 {count/s°})/2 ms

The move can be generated by the program:

TA 1 Set S-curve mode

PR 55000 Specify distance

sp 50000 specify slew speed

AC 100000 Specify peak acceleration
RM 1000 Specify acceleration ramp
BGX Start motion

In order to produce a smooth velocity profile, the speed and the distance must
be selected so that the slew speed can be reached. This requires the fallowing
condition:

D>S* (2*TR+TA)
For example, for the paremeters:

TR = 0.28
TA = Q.38
s = 80000 count/s

The distance, D, must be at least 56,000 counts to produce a gmooth 5 curve.

5.8. High Speed Position Capture (DMC-6X1 only*}

often it is desirable to capture the position precisely. The DMC-6X1 provides
a position latch feature. This feature allows the position of X,¥ or Z ta be
captured within 200 nanoseconds of an external signal. The external signal is
input at the 40-pin connector through the following inputs and is active low.

pin 29 Z-axis latch
Pin 33 Y-axis latch
Pin 37 X-axis latch

The DMC-600 software commands, LA and RL, are used to arm the latch and report
the latched positicen. The variables LX,LY, and LZ return the latch status. A
one means the latch is armed. A zero implies the latch is disarmed or has
occurred. The steps to use the latch are as follows:

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



68
1. Give the LA XYZ command to arm the latch for the specified axis or
axes.
2. Test to see if latch occurred for LX=0, LY=0 or LZ=0

3. After the latch has occurred, read the captured position with the
RL XYZ command or V1=PCX or PCY or PCZI command.

Note 1l: The latch must be re-armed after each latching event.

Note 2: If the latch signal is already low when the latch is armed,
the latch will occur immediately.

Example:
#L Latch program
JG, 5000 Jog ¥
BGY Begin Y
LAY Arm Latch
#W Loop for Latch=l
JP #W,L¥=1 Test for latch occurring
Vi=PCY Report position
EN End
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6. USING VARIABLES

Control variables allow the contrcller to perform high-level supervisory
functions. Operations with variables include three functions:

Variable definition

Mathematical operations
Assignment

A variable Vk with k being an integer between 0 and 63, may be defined by
equating its value to a constant. The variable may be defined as a real number
in the range of +/-8388607.000. The fractional part has a resolution of 1/256.

For example:

vi =3
v2 = =-2.500

The variables may also be defined by equating them to the position ¢r the
position error of the three axes. For example:

V3 = PX pefine V3 as position of X
or

V4 = PEY Define V4 as position error of ¥

An alternative method is to equate the variable to any of the § input lines.
For example,

Vs = 17 Define V5 as input line 7

It is also possible to equate a variable to the binary value defined by the
input lines I4~I1 with the instruction

V5 = IO
The resulting value of VS ranges between 0 and 15.
Variables can be manipulated using mathematical operations. The four
mathematical operations of add, subtract, multiply and divide are permitted
with the order of operations progressing from the left to the right. For
example, the instruction

VS = 2*V4 + 5/V2

defines V5 as two times V4 plus 5, then the total sum is divided by V2.

The mathematical operation may be combined with the definition, as illustrated
by the following instruction:

V6 = 2*PEX + 3

The variables may be assigned as the value of system parameters such as the
gain
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GN V1, V2, 3

or it may define a motion variable as the distance, speed or acceleration. For
example,

PR V1
commands the X axis to move a distance of V1 counts.

The relationship between the contral variables and the motion command loop are
illustrated by the diagram of Fig. 6.1.

The operation with variables may be performed without an explicit use of the
variables. For example, the instruction

PR PEY + 2
performs the functions of variable definition, manipulation and assignment.

To illustrate the effect of the control variables, consider the following
examples:

Example 6.1. = Variable - Length Motion

The controller is required to perform a move of variable length. The velocity
and the acceleration are proportional to the distance. This results in a

constant motion time, regardless of the length. The velocity profile is shown
in Fig. 6.2.

The motion program is as follows:

000 #a
Q01 PR V1; SP 2*xV1; AC 20*V1
002 BGX; EN

To execute the motion, command:

vl = 7000
XQ #a

Example 6.2 -~ Balancing Gravitational Forces

When a gravitational force is applied to the load, the system tends to develop
a proportional position error. This position error may be eliminated by the
use of the integrator. The integrator, however, may result in conditional
stability in some systems and its use may be prohibited. 1In those cases, the
error may be eliminated by applying an offset signal. The proposed methed is
to increase the offset value
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Fig. 6.1 - Functional Block Diagram of the Motion Control System and
the Control Variables
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avVelocity Distance = V1
Speed = 2V1
ACC = 20V1
l i Longer move
1\
l I Shorter move
| l >
0 0.1 0.3 0.6 time (s)

Fig. 6.2- Velocity Profile of Example 6.1
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gradually until the position. error falls within an acceptable range (eg. p2
counts). This is performed by the following program.

Q0C #a Label

001 Vv3 = G.1 Algorithm gain

002 Vi =0 Initial offset value

003 OF Vi Apply offsget

004 WT 10 Wait for system to settle
005 V2 = PEX Measure error

006 V1 = v2*V3i+Vl Modify offset

007 JP 3, V1>2 Repeat if error large

Q08 JB 3, Vi<-2 Repeat if error large

009 EN End

The constant V3 determines the convergence rate of the algorithm. Values that
are too small cause slow convergence whereas large values cause the process to
diverge.

6.1. Arrays (Available for DMC-6X1 only*)

The DMC-6X1 Series provides a one dimensional 1024 element array for storing
parameters. The array element is defined by

afi} = n
where
A specifies the array

i is the array element i=0 thru 1023
and n is the numerical value

Example:
A[2]=1000 Define the third array element as the number 1000
v3i=7 V3 equals 7
A[V3}=PEX The eighth array element is set to the position

error of the X-axis
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7. UNCOMMITTED I/O

Qutput Port

The DMC-630 has an 8~bit uncommitted output port for controlliing external
events. Each bit on the output port may be set and cleared with the software

instructions SB (Set Bit) and CB {(Clear Bit), respectively.

For example:

Instruction Function
5B6 Sets bit & of ocutput port
CR4 Clears bit 4 of ocutput port

The output port may also be written to as an 8-bit word using the instruction
OP (ocutput port). This instruction allows a single command to define the state
of the entire 8-bit ocutput port.

For example:

Instruction Functiaon
OP6 ) Sets bit 1 and 2 of output port to high.
All other bits are 0.
QPQ Sets all bits of output port to zero.
QP 255 Sets all bits of output port to one.

The output port is useful for firing relays or centrolling external switches
and events during a motion sequence.

Input Port !

The DMC-630 has eight uncommitted inputs for controlling motion by local
switches. For example, a jump on condition instruction can be used to execute
a sequence if a high condition is noted on an input bit. The After Input (AI}
instruction waits until the specified input has occurred.

Example:
JP #A,I11=0 ‘ Jump to A if input 1 is low
Jp #B,I2=1 Jump to B if input 2 is high
AL 7 Wait until input 7 is high
AI -6 Wait until input 6 is low

The command IO defines the state of inputs 1,2,3 and 4. This command is useful
for interfacing to thumbwheels (Appendix Hj).

JP #C,IO0=6 Jump to C if I1=0,I2=1,I3=1,I4=0
JP #A,10=0 Jump to A if I1,I2,13,I4 are all low
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Example:

Moter X must turn at 4000 counts/sec when the user flips a panel switch to on.
When panel switch is turned to off position, motor X must stop rurning.

Solution: Connect panel switch to input 1 on DMC~-630. High on input bit 1
means switch is in on pesition.

Instruction Function

#5:JG 4000 Set speed

AI 1;BGX Begin after input 1 goes high
AL -~1;8TX Stop after input 1 goes low
AMY;JP #5 After motion, repeat

EN;

Input Interrupts

The DMC-630 provides an input interrupt function which causes the program to
automatically execute the instructions following the #*~ label. This function
is enabled using the II m,n command. m,n specifies the range if inputs
effected. A low input on any of the specified inputs will cause automatic
execution of the #~ subroutine. RI is used to return from this subroutine.
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8. ERROR HANDLING

The DMC-630 provides several features to check for error conditions and to
inhibit the motor on error. These features help protect the various system
components from damage.

8.1. Hardware Protection

The DMC~-&30 includes hardware input and ocutput protection lines for various
error and mechanical limit conditions. These include:

Output Protection Lines
Error* This signal goes low when the position error

on any axis exceeds the value specified by the
error limit command, ER.

Input Protecticn Lines

Rbort>* A low input stops motion instantly without a
controlled deceleration. Alsoc aborts motion
program.

Forward Limit Low input inhibits motion in forward direction.

Switch~* Also causges execution of limit switch subroutine,
#[.
Reverse Limit Low input inhibits motion in reverse direction.
Switch» Also causes execution of limit switch subroutine,
#1.

8.2. Programmable Error Limit

The DMC-630 provides a programmable error limit. The error limit can set for
any number between 1 and 2047 by using the ER n command.

Exémple:

ER 200,300,400 Set ¥-axis error limit for 200, Y-axis
error limit to 300, Z-axis error limit
toe 400 counts.

ER ,1 Set Y—axis error limit to 1 count.

The units of the error limit are quadrature counts. The error is the
difference between the command position and actual encoder position. If the
absolute value of the error exceeds the value specified by ER, the DMC-630 will
generate several signals to warn the host system of the error condition. These
signals include:
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Signal gr Function State if Error Ocgurs

Status Register-Bit 3 Goes low

#[ Label Jumps to automatic limit subroutine
#] Label Jumps to automatic error subroutine
Errof Output Line Goes low

OE Function Shuts motor off

The jump on condition statement is useful for branching on a given error within
a program. The position error of X,¥, and 2 c¢an be monitored during execution.

Example:
JP #A,PEX>S Jump to A if position error on X is
greater than 5.
JP #B,PEY=0 Jump to B if position error on Y

equals 0.

8.3. Qff-On—-Error

The software command, ocff-on-error (OEl) turns the motor off when the position
error exceeds the limit set by the ER command. The program being executed is
also aborted. To re-enable the system, use the reset (RS), servo (SV) or servo
here (SH) command. To activate the OE function for each axis, specify 1 for
X,¥ and 2 axis. O disables off-on-error.

Example:

1,31,1 Enable off-on-error for X,Y and 2
0,1,0 Enable off-on~error for Y axis only.

Disable X and Z ocff-on-error.

QE
CE

8.4, RButomatic Erxrror Routine

The | label causes the statements following to be automatically executed if
error on any axis exceeds the specified error limit. The error routine must be
closed with the RE command. The RE command returns from the error subroutine
to the main program. NOTE: The error subroutine will be entered again unless
the error condition is gone.

Example:
#1 Start error routine on error
MG error Send message
SB1 Fire relay
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sTX S5top motor

AMX After stopped

SHX Serveo motor here to clear error
RE Return to main program

8.5. Limit Switch

The DMC-630 provides forward and reverse limit switches which inhibit motion in
the respective direction. There is alsoc a special label for automatic
execution of a limit switch subroutine. The #[ label specifies the start of
the limit switch subroutine. This label causes the statements following to be
automatically executed if any limit switch is activated. The RE command ends
the subroutine.

The state of the forward and reverse limit switches may also be tested during
the Jump on Condition statement. The condition LR specifies the reverse limit
and LF specifies the forward limit. XYZ following LR or LF specify the axis.

Examples:
JP #A, LRX=0 Jump tc A if Reverse limit on X is low
JP #B, LFY=1l Jump to B if Forward limit on ¥ is high

8.6, Software Peosition Limit* (DMC-6X1 only)

The DMC-6X1 Series provides forward and reverse software limits for each axis.
The limits are specified by the command FL x,y,z and BL x,y,z, where the limit
switch subroutines and deceleration occurs at position x+1, y+l1, z+l for the
forward limit and at x-1, y-1, z-1 for the reverse limit. To disable the
software limit, set the value to 8838607 for the forward limit and -~8838607 for
the negative limit. If the software limit is exceeded during motion, motion on
that axis will decelerate to stop and further motion in the respective limit
direction will be inhibited. The software limits will also trigger the #{
label subroutine.
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9. INITIALIZATION
$.1. Default Settings
The Default configuration of the DMC-630 as shipped from the factory ig:

Default Parameters

Parameter Default Value
AC 262144
DB Q
DP C
FA 0
GN 1é
KI 0
QF 0
op Q
PA 0
PL 8]
PR o]
RC 0
SA 0
sp 8192
TL 127 (2047 for 1l2-bit)
™ 1000
IR 232
ER 2047 (32767 for 1l2-bit)

The default numbering system is configured for decimal. The of f-on-error is
disabled on default. Unless the MOF (Motor Off) jumper is jumpered, the DMC-
6§30 wakes up in the servo mode.

9.2. Homing Motors to a Reference

The Find Edge {FE) and Home (HM) instructions may be used to home the motor to
a mechanical reference. This reference is connected to the Home input line.
The HM command initializes the motor to the encoder index pulse in addition to
the Home input.

Find Edge

The find edge instruction (FE) is useful for initializing the motor to a home
switch. The home switch is connected to the HOMING input. When the find edge
command and begin is issued, the motor will accelerate up to the slew speed and
slew until a transition is detected on the HOMING line. The motor will then
decelerate to a stop. A high acceleration value must be input before the find
edge command is issued of the motor is to decelerate rapidly after sensing the
home switch. The velocity profile generated is shown in Figure 9.1.
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Home Command

The Home Command can be used to position the motor on the index pulse after the
home switch is detected. This allows for finer positioning on initialization.

The Home Command (HM) causes the following sequence of events to occur.

1. Upon begin, motor accelerates to the slew speed. The direction of
its motion is determined by the state of the homing input. A zero
(GND} will cause the motor to start in the forward direction; a one
{+5V) will cause it to start in the reverse direction.

2. Upon detecting the home switch changing state, the motor begins
decelerating to a stop.

3. The motor then slews very slowly back until the home switch toggles
again.

4. The motor then slews forward until the encoder index pulse is
detected.

5. The DMC-630 defines the Home position (Qﬁ ag the position at which
the index was detected.

The Homing segquence generates the profile in Figure 9.2.

Find Index

The Find Index command (FI) is used to search for the encoder index only. Upon
FI and BG, the motor accelerates to the slew speed given by the JG command and
gsearches for a transition from low to high on the encoder index. When the
transition is detected, motion stops and the pesition is defined as zero. To
improve accuracy, the slew speed during the search should be specified as 500
counts/s or less. The direction of motion is specified by the sign of the JG
command .
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9.3. Manual Positioning

The motor may be positioned manually by using the Motor Off Command (MO) and
the Servo Here Command (SH). The motor off command turns off the serve. The
motor can then be positioned manually, for initial alignment for example. When
the motor is positioned at the desired position, the servo here command can be
igsued. This command caused the DMC-630 to generate a new command position
based on the current position. This command differs from the Servo (3V)
command which will drive the motor to the old programmed command position.

The define position command (DP) can be igsued to define the current position
as any new position. For example the command DP 5,100 defines the X position
as 5 and Y position as 100. This command is useful following initialization or
during manual positioning.
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IT. INSTRUCTION SET

Rach executable instruction is listed in the following secticn in
alphabetical order.

The two-letter Opcode far each insﬁruction is placed in the upper right
and upper left corners. Directly below them is the syntax format. Some
commands require actual values to be specified following the instruction.
These commands are followed by lower case x,y,z. Values may be specified for
any axis separately or any combination of axes. Axis values are separated by

commas. Valid x,y,z syntax is listed below:

Valid x,y,z syntax

AC x Specify x only

AC x,vy Specify x and y only
AC %,,2 Specify x and z only
AC x,v,zZ Specify x,y,z

AC ,y Specify v only

AC ,v,2 Specify v and z

AC ,,z Specify =z

Where x,y, and z are replaced by actual values.

A ? returns the specified value for that axis., For example, AC ?,7,7,
returns the acceleration of the X,Y and 2 axis. The syntax format is the same
as x,y,z except ? replaces the wvalues.

Other commands require action on the X,Y, or 2 axis to be specified. These
commands are followed by uppercase X,Y, or Z. Action for a particular axis or

any combination is specified by writing ¥X,Y, or 2. No commas are needed.

Valid X¥Z syntax is listed below:
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Valid XYZ syntax

SH X Servo Here, X only

SH XY Servo Here, X and Y axes

SH X2 Servo Here, X and Z axes

SH XYZ Servo Here, X,Y, and Z axes
SH Y Servo Here, Y only

SH YZ Servo Here, Y and Z axes

SH 2 Serve Here, Z only

3" Servo Here, X,¥, and Z axes

Where X,Y¥ and Z specify axia.

Below the syntax formats are any range restrictions on the numeric fields
in the decimal numbering system.

In the upper right, the restrictions on allowable execution are
enumerated. "While moving"™ states whether or not the command is wvalid while
the controller is performing a previously defined motion. "In a program”
states whether the command may be used as part of a user-defined program. "Not
in a program" states whether the command may be used other than in a user-
defined program. Finally, "Default Value” defines the values the instruction’s

parameters will have after a Master Reset.

Toward the center of the page, a description of the performance cf the
command is given. Also in this section the units of the parameters, if any,
will be given. Lastly, a series of examples is given to show how the

instruction might be used.
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Al ARRAY Al
A(i]=n While Moving YES
In a Program YES
Not in a Program YES

Default Value -

Where i is an integer between 0 and 1023
and n is a numerical value or variable

DESCRIPTION: A{i]=n defines the ith element of the array, A. The
array may have up to 1024 elements from i=0 to i=1023. i may

also be a variable for an integer 0 to 1023.

EXAMPLE:
af2i=1s The third array element is 16
VE=5 , ,
A{V6]=10.9 The 6th array element is 10.9

*For DMC-6X1 Series only.
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AB ABORT AB
AB n While Moving YES

In a program YES*
Not in a program YES

Default Value
Where n = 0 or 1

0 stops program and motion
1 aborts motion only

DESCRIPTION: Abort stops a motion instantly without a controlled
deceleration. If there is an application program operating, an
abort command also aborts the program unless ABl was used. If the
command off on error (OElL) has been activated, an abort command

will shut off the motor commands.

EXAMPLES:
AB Stops motion
CEl,1,1 Enable off-on-error
AB shuts off Motor Command and stops motion
ABl Stops motion but leaves the program operating

*

If an abort is part of a sequence it still aborts the sequence.
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AC ACCELERATTION AC
BC x,Y,2 While Moving YES*

AC 2,2,? In a program YES

Not in a program YES

Default Value 262144

X,¥,z are unsigned numbers in the range
1024 to 8,308,807 decimal

DESCRIPTION: This command sets the acceleration rate of the motors for
independent moves, or it will return a previously set value as
seven or eight decimal digits. The parameters input will be
rounded down to the nearest factor of 1024. The units of the
parameters are counts per second squared.

EXRAMPLES:
AC 150000, 200000,300000 Set X-axis acceleration to 150000,
Y-axis to 200000 counts/sec  , and
the Z-axis to 300000 counts/seé”
AC ?7,7,? Return Acceleration

0149504,0199680,0299008

* The acceleration command may be changed during a motion only if it is
not a position (PA or PR} move.
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AD AFTER DISTANCE AD
AD x Wwhile Moving YES
AD .y In a program YES
AD ,.,2 Not in a program YES

pDafault Value ——

%,¥.z are unsigned integers in the range
0 to 8388607 decimal

DESCRIPTION: The After Distance command is a trippaint used to control
the timing of eventa. This command will hold up the execution of
the following command until the position command has reached the
gpecified relative distance from the start of the move. The units
of the command are quadrature counts. Only one axis may be
specified at a time.

EXAMPLES:
#4 BEGIN PROGRAM
PR 10000Q,20000,30000 Specify positions
BG Begin motion
AD 5000 After X reaches 5000
MG Halfway to X Send message
aD , 10000 After Y reaches 10000
MG Halfway to Y Send message
AD ,,15000 After z reaches 15000
MG Halfway to 2 Send message
EN END PROGRAM

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



90

AT AFTER INPUT AT
AI n While Maving YES

in a pregram YES

Not in a program YES

Default Value

n is a signed integer in the range
1 to 8 decimal

DESCRIPTION: The AI command is used in motion programs to wait until
after the specified input has occurred. If n is positive, it waits
for the input to go high. If n is negative, it waits for n to go

low.
EXAMPLES:
#A BEGIN PROGRAM
AI 8 Wait until input 8 is high
SP 10000 Speed is 10000 counts/sec
AC 20000 Acceleration is 20000 counts/sec»
PR 400 Specify position
BG X Begin motion
EN END PROGRAM
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AM AFTER MOVE AM
AM X Wwhile Moving YES
AM Y In a program YES
BM Z Not in a program YES
AM S pefault value —_—
AM

X,¥,2,8 specifies X,¥,2 axis or sequence

DESCRIPTION: The After Move command is a trippoint used to control
the timing of events. This command will hold up execution of the
following commands until the current move is completed. If
specifying an axis, oaly one axis may be specified at a time except
for a coordinated seguence. AM with no parameter specifies that
motion on all axes is complete.

EXAMPLES:
#D PROGREM D
PR 5000,5000,5000 Pouition Relative Moves
BG X Start the X-axis
aM X After the move is complete cn X,
BG Y Start the Y—axis
AM Y After the move is complete on Y,
BG 2 Start the Z-axis
aM Z After the move is complete on Z,
EN END OF PROGRAM
#F PROGRAM ¥
PR 3000,6000,7000 Position Relative Moves
BG Start X,Y and I axes
AM after motion complete
MG DOCNE Print message
EN END OF PROGRAM
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AP AFTER POSITION AP
AP x While Moving YES

AP ,vy In a program YES

AP ,,z2 Not in a program YES
Default Value —

X,¥.,2 are signed integers in the range
-8388608 to 8388608 decimal

DESCRIPTION: The After Positlon command is a trippoint used to contrel
the timing of events. This command will hold up the execution of
the following command until the absolute actual position of the
motor ¢rosses the position specified. The units of the command are
in gquadrature counts. Only one axis may be specified at a time.
This trippoint will alsoc be cleared by the completion of a move.

EXAMPLES: Assume that the motor is being used to apply a constant
force of 10% maximum. We want to terminate the activity when it
has reached ten revolutions. Assume the enceder has 500 slits
{2000 gquadrature counts).

#B PROGRAM B

TL 13 Limit torgque to 10%

JG 100 Jog mode (speed of 100 counts/sec)
BG X Bégin move

AP 200000 After 10 revolutions

ST Stop

EN END OF PROGRAM
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AS AT SPEED AS
AS XYZ While Moving YES

AS S In a program YES

AS 82 Not in a program YES
Default Value o

DESCRIPTION: The At Speed command is a trippoint that occurs when the
generated motion profile has reached the specified speed. This
command will hold up execution of the following commands until the
speed is reached. The AS command will operate after either
accelerating or decelerating.

EXAMPLES:
' #a PROGRAM A
PR 100000 Specify position
SP 10000 Specify speed
BG X Begin X
AS X After speed is reached
SB 1 Set Bit 1
EN END PROGRAM
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BG BEGIN BG
BG XYZ While Moving NO
BG 8 In a program YES
BG SZ Not in a program YES

Default Value o

DESCRIPTION: The BEGIN Command starts a motion on the specified axis
or sequence.

EXAMPLES:
PR 2000C, 3000 Set up for a relative move
BG XY Start the X and Y motors moving
M Set up for the homing
BGX Start only the X-axis moving
JG 1000,4000 Set up for jog
BGY Start only the Y-axis moving
VP 1000,2000 Specify vector position
vsS 20000 Specify vector velocity
BGS Begin coordinated sequence
VP 4000,-1000 Specify vector position
PR ,,8000 Specify z position
BGSZ Begin sequence and z
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BRL* SET REVERSE LIMIT 3L
BL x,y,2 While Moving YES
In a Program YES
Not in a Program YES
Default Value -8388607

X,y,2 are signed numbers in the range
-8388607 to 8388607 decimal
DESCRIPTICON: The Reverse Limit command sets the reverse software
positicn limit. If this limit is exceeded during motion, motion
on that axis will decelerate to a stop. Reverse motlon beyond
this limit is not permitted. The reverse limit is activated at

x-1, y-1 and z-1. To disable the reverse limit, set x,y.z to

-8388607.

*For DMC-6X1 Series only.
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CB CLEAR BIT CB
CB n While Moving YES

In a program IES

Not in a program YES

Default Value -—
n is an integer in the range

0 to 7 decimal

DESCRIPTION: The Clear Bit cocmmand clears one of eight bits
on the output port. The Clear Bit (CB)} and Set Bit (SB)
instructions can be ugsed to control the state of cutput
lines.

EXAMPLES:

:CB 0 Clear ocutput bit ©
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cM CONTOURING MODE CM
CM XYZ While Moving NO

In a program NG

Not in a program YES

Defaule Value e——

DESCRIPTION: The Contouring Mode is initiated by the instruction
CM XY¥Z. This mode allows the generation of an arbitrary motion
trajectory with any of the axes. In this mode, the user specifies
the motion increments, DX, DY and DZ and the time increment DT.
The format for the increments ig non-ASCII. Refer to Section 5.4
for details.
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CR CIRCLE CR
cr z,8,08 While Moving NO

In a program YES

Not in a program YES

Default Value —-—

r is an unsigned real number in the range
10 to 1000000 decimal

© is an unsigned real number in the range
0 to +/-65000.000 decimal

A8 is a signed real number in the range
.008 to +/-65000.000 decimal

The units of B and AD are degrees and the resclution is 1/128th
of a degree.

The units of r are gquadrature counts.

DESCRIPTION: The Circle command specifies an x,y arc segment of
radius, r, starting at angle, S , and traversing over angle AD. a
positive Ae denotes counterclockwise traverse, negative AB cenotes
clockwise. Motion begins after the command, Begin Sequence, BG S.

All parameters, r,8 ,58, must be specified.

NOTE: This command is not wvalid in the DMC-610.
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cs CLEAR SEQUENCE cs
cs While Moving NO

In a program —

Not in a program YES

Default Value -

DESCRIPTION: The Clear Sequence command will remove VP and CR commands
stored in a motion sequence. Note, after a sequence has been run,
the CS command is not necessary to put in a new sequence. This
command is useful when you have incorrectly specified VP or CR
commands.

NOTE: This command is not valid for the DMC-610.
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DB DEADBAND DB
DB X,V.2 While Moving YES

DB ?2,7,72 In a program YES

Not in a program YES

Default Value 0

X,¥,2z are unsigned numbers in the range
0 to 127 decimal

DESCRIPTION: The Deadband command pravides for a section of zero motor
command output. The width of the deadband section will be twice
the number input. The units of this command are gquadrature counts.

EXAMPLES:
DB 3,4,5 Set X-axis deadband to 3
Y-axis deadband to 4
z-axis deadband to 5
DB 2 Set X-axis deadband to 2
Leave Y-axis deadband unchanged
DB ,1 Set Y~axis deadband to 1
Leave X-axis deadband unchanged
DB 2,7.,7? Return both wvalues

DB ? Return X-axis deadband
002
DB ,? Return Y-axis deadband
ool
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DC DECIMAL BC
DC While Moving YES

In a program YES

Not in a program YES

Default Value Decimal

DESCRIPTION: The Decimal command sets the controller to interpret all
future numbers as decimal numbers.
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BD= DEFINE DUAL ENCODER BD
DD x,¥y,2 While Moving NO

In a Program YES

Not in a Program YES

Default Value 0,0,0

X,y,z are signed integers in the range
-8388607 to 8388607 decimal
DESCRIPTION: The DD x,y,z command defines the starting positions of
the auxiliary encoders. The auxiliary encoders may be used for
dual-lcoop applications and are input through the 40-pin auxiliary
connector. TD returns the position of the auxiliary encoders; SE

ennables the dual encoders.

EXAMPLE:
SE 1,1,1 Enable auxiliary encoders
DD 0,100,200 Set the current auxiliary encoder position

to O for the X-axis, 100 for the Y-axis,
and 200 for the Z-axis.

*For DMC-6X1 Series only.
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DI DOWNLOAD DL
While Moving YES*
In a program NO
Not in a program YES

Default Value ——

DESCRIPTION: The Download command transfers a data file from the host
computer te the DMC-630. Instructions in the file will be
accepted as a datastream without line numbers. The file is

terminated using <control> Z, <control> Q, <control> D, or \ .

Downlcading a data file will clear any programs in the DMC-630
RAM. The data is entered beginning at line 0. If there are too
many lines or toc many characters per line, the DMC-630C will

return a ? .

For the DMC-6X1 Series, the DL #n command may be used, where n
defines the label for beginning the download. The program

is appended at this label.

EXAMPLES:
DL; Begin downlecad
#n;PR 4000, BGX Data
AMX ;MG DONE Data
EN Data
<control> 3 End downlecad
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P DEFINE POSITION op
DP x,v.,2 While Moving NO

Dp 2,2,? In a program YES

Not in a program YES

Default Value Q,0

X,¥,z are signed integers in the range
-8388607 to 8388607 decimal

DESCRIPTION: The Define Position command sets the current motor
position and current command positions to a user specified value.
If a ? is used, it returns the current position of the motor. The
units are in guadrature counts.

EXAMPLES:

+DP 0,100,200 Sets the current position of
X-axig to 0, the ¥-axis to 100,
Z-axis to 200.

sDP ,-50000 Sets the current pesition of ¥Y-axis
to -50000 (FF3ICBO hex). The
X~axis remains unchanged.

:DP 2,7,7? Returns both motor positions

0000000, -0050000,0000200

:DP 2 Returns the X-axis motor position
c00Q000
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. DR* DAC RESOLUTION DR
DR x,y,2 While Moving YES
DR 2,2,7? In a program YES
Not in a program YES

Default Value 12,12,12

X,y¥.,z are 10 or 12

DESCRIDTION: The DR command specifies a 10 or 12-bit resclution for

the controller motor command output.

EXAMPLES:

DR 12,12,10 Specifies X and Y-axis as 12-bits
and Z-axis as 10-bits

*For DMC-6X1 Series only.
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ED EDIT ED
ED While Moving YES

ED n In a program NC

ED #L Not in a program YES
Default Value Last line

n is an unsigned integer in the range
0 to 500 decimal
DESCRIPTION: The Edit command puts the controller into the Edit
subsystem (See Section I.6). In the Edit subsystem, programs can
be created, changed, or destroyed. The commands in the Edit

subsystem are

<cntrl>D Deletes a line

<cntrl>I Inserts a line before the current one
<cntrl>p Displays the previous line

<cntrl>Q Exits the Edit subsystem

<return> Saves a line
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EN END EN
EN While Moving YES
In a program YES
Not in a program NO

Default Value -

DESCRIPTION: The END command is used to designate the end of a program
or subroutine. If a subroutine has been called by the JS
instruction, the EN command will return execution to the
instruction after the J3 command. If there is no subroutine being
executed, the program terminates.

EXAMPLES:
#A PROGRAM A
PR 500 Relative Position move
BGX Begin the move
AMX After the move is complete
PR 100C Set another Position Relative move
BGX Begin the move
EN END OF PROGRAM
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EO ECHO EQ
EO O While Moving YES

EO 1 In a program YES

Not in a program YES

Default Value EQQ

DESCRIPTION: The Echo command turns the echo on if EQl. If the echo
is off, characters input over the bus will not be echoed back.
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ER ERROR LIMIT ER
ER X,y,2 While Moving YES
ER ?2,2,7? In a program YES

Not in a program YES

Default 2047

Xx,y¥,z are unsigned numbers in the range
1 te 2047 decimal
({1 to 32767 decimal for DMC-6X1})

DESCRIPTION: The Error Limit Command sets the magnitude of the
position errors that will trigger an error condition. When the
limit is exceeded, the Error ocutput will go lew {true). If the
OFF ON ERROR (OEl) command is active, the motors will be disabled.
The units of this are quadrature counts.

EXAMPLES:

ER 200,300,400 Set the X-axis error limit to 200,
the Y-axis error limit to 300, and the
Z-axis error limit to 400.

ER , 1000 : Set the Y-axis error limit to 1000,
leave the X-axis error limit unchanged

ER ?,?, ‘ Return X, Y, and Z values

00200,00100,00400

ER ? Return X value

Q0200

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



110

FA ACCELERATION FEEDFORWARD FA
FA x,y,2 While Moving YES*
FA ?7,72,? In a program YES
Not in a program YES
Default Value o]

X,Y,2 are unsigned numbers in the range
0 to 255 decimal

DESCRIPTION: The FA command sets the acceleration feedforward
coefficient, or returns the previously set value. This
coefficient, when scaled by the acceleration, adds a torque bias
during the acceleration phase and subtracts the bias during the
deceleration phase of a motion.

ACCELERATION FEEDFORWARD BIAS = FA 2 AC/262144
The FEEDFORWARD BIAS product is limited to 127. See Section I.2

for further analysis. FA will only be operatiocnal during
independent moves.

EXAMPLES:
AC 50QQ00, 1000000 Set feedforward coefficient to 10 for
FA 10,15 the X-axis and 15 for the Y-axis.
The effective bias will be 19 units
(1.5V) for X and 57 units (4.4V) for Y.
Fap 2,7 Return ¥ and ¥ values
01¢,015

* If the feedforward coefficient is changed during a move, then the
change will not take effect until the next move.
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FE FIND EDGE FE
FE XYZ While Moving NG

In a program YES

Not in a program YES

Default Value ———

DESCRIPTION: The Find Edge command moves a motor until a transition is
seen on the homing input for that axis. The direction cf motion
depends on the initial state of the homin input (O for forward, 1
for reverse). Once the transition ig detected, the motor
decelerates to a stop.

This command is useful for c¢reating your own homing sequences. See
Section I.9.

EXAMPLES:
FE Set find edge mode
BG Begin all axes
FEX only find edge on X
BGX
FEY Only find edge on Y
BGY
FEZ Only find edge on Z
BGZ
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FI~* FIND INDEX FI
FI XYZ While Moving NO

In a Program YES

Not in a Program YES

Default Value 0

DESCRIPTION: The FI and BG commands move the motor until an encoder

index pulse is detected. The controller locks for a transition
from low to high. When the transition is detected, motion stops
and the position is defined as zero. To improve accuracy, the
speed during the search should be specified as 500 counts/s or
less. The FI command is useful in custom homing secuences. The

direction for motion is specified by the sign of the JG command.

EXAMPLE:
#d Home Routine
JG 500 Set speed and forward direction
FIX Find index
BGX Begin motion
AMY After motion

MG FOUND INDEX

*For DMC-6X1 Series only.
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FL* SET FORWARD LIMIT FL
FL x,¥,2 While Mowving YES

In a Program YES

Not in a Program YES

Default Value 8388607

Xx,y,z are signed numbers in the range
-8388607 to 8388607 decimal

DESCRIPTION: The Forward Limit command sets the forward limit software
position limit. If this limit is exceeded during moticn, motion on that axis
will decelerate to a stop. Forward motion beyend this limit is not permitted.
The forward limit is activated at x+1, y+i, z+l. The forward limit is disabled

at 8388s607.

EXAMPLE:
FL 150000 Set forward limit to 150000 counts on the X-axis

*For DMC-6X1 Series only.

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



114

QAx SPECIEFY MASTER GEARING AXIS GA
GA n While Moving YES
In a Pregram YES
Net in a Program YES
Default Value 0

n=X or ¥ or 2 for main encoder as axis master
n=XC or YC or ZC for command position as master
axis

DESCRIPTION: The GA command specifies the master axis for electronic
gearing. Only cne axis may be defined as the master, however,
the master may be speclfied for the main encoder input, the
auxiliary encoder input or as the command position for an axis.

The ratics for the slave axes are specified with the GR command

EXAMPLE :;
#G Gear Program
GAX Specify X-axis as master
GR, .5,-2.5 Specify Y and 2 ratios
JG 5000 Specify master jog speed
BGX Begin motion
WT 100 Wait 100 msec
STX Stop

*For DMC-6X1 Series only.
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GN GAIN GN
GN x,y,z While Moving YES
GN ?2,72,? In a program YES
Not in a program YES
Default Value 16

X,¥,2 are unsigned numbers in the range
0 to 255 decimal
DESCRIPTION: The Gain command (GN) sets the gain of the control loop
or returns the previously set value. It £fits in the control
equation as follows:

GN (z-2R/256)

D =
(=) 4 (z-PL/256)

See Section I.2 for in-depth analysis.

EXAMPLES:
GN 12,14,15 Set X-axis gain to 12
Set Y-axis gain to 14
Set Z-axis gain to 15
GN & Set X-axis gain to 6
Leave Y-axis gain unchanged
GN ,8 Set Y-axis gain to 8
Leave X-axis gain unchanged
GN 7,7 Returns X,Y,Z gains
Q06,008,018
GN ? Returns X gain
006
GN ,7? Returns ¥ gain
008
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GR x,v,Z While Moving YES
In a Program YES
Not in a Program YES
Default Value ¢

x,y,2 are signed numbers in the range +/-127
decimal with a fractional resolutien of .004
0 disables gearing

DESCRIPTION: GR specifies the gear ratios for the geared axes in the
elecronic gearing mode. The master axis is defined by the GAX or

GAY or GAZ command when the main encoder is used.

The gear ratio may be different for each geared axis and range
between +/-127.996. The slave axis will be geared toc the actual
position of the master. The master can move in both directions.
GR 0,0,0 disables gearing for each axis. A limit switch also

disables gearing.

EXAMPLE;
#G Gear Program
MOY Turn off servo to Y motor
GAY Specify master axis as Y
GR .25,,=5 Specify X and 2 gear ratios
EN End

When the Y motor is rotated by hand, the X motor will rotate at 1/4 the speed:;
the Z motor will rotate 5 times the speed in the opposite direction.

*For DMC-6X1l Series only.
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BM HOME HM
HM X¥2Z While Moving NO

In a preogram YES

Not in a program YES

Default Value —-—

DESCRIPTION: The Home Command performs a three-stage homing sequence.
The first stage consists of the motor moving at the user
programmed speed until it sees a transition on the homing input
for that axis. The direction for this first stage is determined
by the initial state of the HOMING INPUT (0 for forward, 1 for
reverse). Once the homing input changes state, the motor

decelerates to a stop.

The second state consists of the motor changing directions and
slowly approaching the transition again. When it detects the

transition, it stops.

The third stage consists of the motor slowly moving forward until

it detects an index pulse from the encoder. It stops at this

point and defines it as position 0.

See Section I.9.

EXAMPLES:
tHM Set Homing Mode for all axes
:BG Home all axes
:BGX Home only the X-axis
:BGY Home only the Y-axis
:BGZ Home only the Z-axis
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HX HEX HX
HX While Moving YES
In a program YES
Not in a program YES

Default Vvalue Decimal

DESCRIPTION: The Hex command sets the controller to interpret all

future numbers as hexadecimal (base 16) numbers. Negative numbers

should be input as signal hex numbers.
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II INPUT INTERRUPT II
IT m,n,o0 While Moving YES

In a program YES

Not in a program NO

Default Value ——

m L8 an integer in the range
0 to 8 decimal

n ig an integer in the range
1 to 8 decimal

o is an intger in the range
0 to 255 decimal
DESCRIPTION: The Input Interrupt enables the interrupt function for
the specified inputs. m specifies the beginning input and n
apecifies the final input in the range. For example, II 2,4
specifies interrupts occurring for Input 2, Input 3 and Input 4.
m equals O disables the Input Interrupts. If only the m

parameter is given, only that input will generate an interrupt.

The parameter o is an interrupt mask. If m and n are unused, ©
contains a number with the mask. A 1 degignates that input to be

enabled for an interrupt.
Example: II,,5 enables inputs 1 and 3.

If any of the specified inputs go low during program execution,
the program will jump to the subroutine with label #". BRny
trippoints set by the program will be cleared. The RI command is
used to return from the #° routine. The RI com@and also
re—enables input interrupts. To avoid returning to the main
program on an interrupt, use the command 28 to zerc the

subroutine stack.

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



120

EXAMPLES:
#2 PROGRAM A
IT 1 Specify interrupt on input 1
JG 5000 Specify jog speed
BGX Begin motion
WT 10000;s8T X Wait 10000 msec
EN END PROGRAM
#” Interrupt subroutine
STX Stop X
RI Return to main program
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e INCREMENT POSITION Ip
IP x,¥:2 While Moving YES

I? 2,2,? In a program YES

Not in a program YES

Default Value —

X,y,Zz are signed numbers in the range
-8388607 to 8388607 decimal for cases 1,2
-32767 to 32767 for case 3

DESCRIPTION: The Increment Position command allows for a change in

Case

Case

Case

the command position while the motor is moving. This command
does not require a BG. The command has three effects depending
on the motion being executed.

l: Motor is standing still
An IP x,y,z command is equivalent to a PR x,y,z and BG command.
The motor will move to the specified positicn at the reguested
slew speed and acceleration.

2: Motor is moving towards specified position

An IP x,v,z command will cause the motor to move to a new
pesition targec, which is the ¢ld target plus x,y¥,z. X,Y,Z must
be in the same direction as the existing motion.

3: Motor is in the Jog Mode

An IP x,v,z command will cause the motor to instantly tLry to
servo to a pesition x,y,z from the present instantaneous
position. The SP and AC parameters have no effect. This command
is useful when synchronizing 2 axis in which one of the axis’
speed is indeterminant due to a variable diameter pulley.
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JG JOG JG
JG X,¥,Z While Moving YES*

JG ?2,7,7? In a program YES

Not in a program YES
Default Value 40000

X,¥y,Z are signed numbers in the range
0 to 500000 decimal

DESCRIPTION: The JOG command sets the jog mode. The parameters
following the JG, set the slew speed of the axes. Use of the

question mark is the same as in the SP command.

EXAMPLES:
JG 100,500,2000 Set for iog mode with a slew speed
of 100 counts/sec for the X-axis,
500 counts/sec for the Y-axis, and
2000 counts/sec for the Z-axis
JG ,,-2000 Change the Z axis to slew in the negative

direction at -2000 counts/sec.

* The JOG (JG) command may be executed during a motion if the
controller is already in JOG mode.
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JP JUMP ON CONDITION JP
JP #L While Moving YES
JP n In a program YES

JP #L,condition
JP n,condition

Not in a program NO
Default Value

n is an integer in the range
0 to 200 decimal

L is A to

DESCRIPTION:
to a line number, n,
specified condition.

autputs,

or label, #¥L,

mator or variable state.

Z, a to z, or |

The Jump on Condition command causes the program to jump

on the cccurrance of the

The condition may be the status of inputs,

The use of logical operators

and mathematical operations is permitted in condition statements.

A jump without a condition is alsc permitted.

valid Mathematical Operations

1~ #* +

valid Logical Operators

greater than

add
Multiply
Diwvide
Subtract

>
< less than or equal to

egqual to
Valid Condition Parameters

vn
PEX
PEY
PEZ
PX
Y
PZ
In
on

LF
LR

Variables

Position
Position
Position
Position
Position
Pogition

Errer X
Error Y
Error Z
X
Y
A

Input lines
Output lines

numbers, including fractions
Forward Limit Switch

Reverse Limit Switch

Moticn on X (MX=l if in motion)
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MY
MZ
0).4
10)4
oz

EXAMPLES:

Statement

JP

JP

JP

JP

JP

JP

JP

JP
JP

#n

#B,V1=0
#C,v1i<v2
#D,V1+V2=V3*Ve
#E, PEX=0
#F,PY=PZ

5, PEX<V3/2

17,I1=1
#G, LFX=0

Moticn on ¥ (MY=1 if in motion)
Motion on Z (MZ=1 if in motion)
Motor off X (0X=1 if motor off)
Motor off Y (0Y=1 if motor off)
Motor off Z (02Z=1 if motor off)
Function

Jump to label A

Jump to label B if V1 is equal to zero

Jump to lecabel C if V1 is less than or
equal to V2

Jump to label D if the sum of V1 and V2
is equal to the product of V3 and V4

Jump to label E if the position error on
X is zero

Jump tc label F if the Y and Z position
are equal

Jump to line number 5 if the positicn
errcr on X is less than or equal to V3
divided by 2

Jump te line number 17 if input 1 is high

Jump to label G if Forward limit switch
on X is O
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JS JUMP TO SUBROUTINE <8
Js #L While Moving YES
J& n In a program YES
J3 #L,condition Not in a program KO
JS n,condition Default Value -

n is an integer in the range
0 to 200 decimal

I, is A to 2, a to z, or [,]

DESCRIPTION: The Jump to Subroutine on condition command will change

the sequential order of execution of command in a program. If
the jump is taken, program execution will continue at the line
specified by the first parameter, which can be either a line
number or label. The line number of the JS command is saved and
after the next EN command is encountered (END of subroutine),
program execution will continue with the instruction JS command.
There can be a JS command within a subroutine. These can be

nested 5 deep.

Please refer to the JP command for a description of wvalid

conditions.
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KI INTEGRATCR KT
XT x,y,2 While Mowving YES

Kl 2,?2,? In a program YES

Not in a program YES
Default Value 0

X,¥,2 are integers in the range
0 to 255 decimal

DESCRIPTION: The KI command sets the integral gain of the control

loop. It fits in the contrcl equation as follows:

GN (2-2R/256) KI
-+
4 (Z~PL/256} 256 (2-1)

D{z) =

The integrator term will reduce the position error at rest to

zero.
EXAMPLES:
KI 12,14,16 Specify X,Y,Z-axis integral
KI 7 Specify X-axis only
Kr ,,8 Specify Z-axis only
KI 2,2,7? Return X,Y,2 RI

007,014,008

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



127

L* LATCH STATUS L
LX While Moving YES
LY In a Program YES
LZ Not in a Program YES
Default Value 0]

DESCRIPTION: The L command returns the high speed latch status as a
variable. A one implies the latch is armed. A zero means the
high speed latch has occurred and is disarmed. Note this command
can only be used in eguating to the variables or testing

conditions.

EXAMPLE:
Vi=LX ‘Sets V1 equal to latch X status
JP #B,LY=0 Jumps to #8 if latch Y is disarmed
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LAx* ARM LATCH LA
LA XYZ While Moving YES
In a Program YES
Not in a Program YES
Default Value 0

X,Y,Z specify the X,Y¥ and Z axes

DESCRIPTION: The LA command enables the high speed position latching
function of the controller where the position is captured within
200 nanoseconds of a low input on pin 29-latch Z, pin 33-latch

¥, pin 37-Latch X. (40-pin connector)

EXAMPLE:
LA X Rrm the latch for X-axis
#L Label
JP #L,LX=1 Locp until latch cccurs
V1=PCX Assign latch wvalue to V1
RL X Report latch value

*For DMC-6X1 Series only.
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LN LEARN MODRE LN
LN n While Moving YES
In a program YES
Not in a program YES
Default Value -

n is an integer in the range O to 8

DESCRIPTION: The Learn Mode enables collecting position data in a
form compatible with the contouring mode (CM). This allows
recording the position data by the host computer and playing it
back to duplicate a specific motion. The Learn Mode is activated
with the instruction LN n, where the parameter n defines the time
interval. The value of n must be between 1 and 8 where the time
interval is equal to 2n. In response, the controller transmits
data records correspending to motor position. Refer to Section

5.4 for details. n=0 terminates the Learn Hode.
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Ls LIST LS
Ls LS n,m While Moving YES
LS n LS n,#K In a program NO
LS ,m LS #L,m Not in a program YES
LS #1L LS #L,#K Default Value 0, Last line
LS ,#K

n,m are integers in the range
0 to 200 decimal

L,K are A to Z, a to z or {,]

DESCRIPTION: The List command sends a listing of the programs in
memcry out IBM PC port. The listing will start with the line
pointed to by the first parameter, which can be either a line
number or a label. If no parameter is specified it will start
with line 0. The listing will end with the line pointed to by the
second parameter--again either a line number or label. If no
parameter is specified, the listing will go to the last line of
the program.

EXAMPLE:
:L8 #A,6 List program starting at #A through line 6

002 #A
003 PR 500
004 BGX
005 AM
c0e WT 200
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LT LET LT
LT Vn=m While Moving YES

In a program YES

Not in a program YES

Default Value —-—

n is in the range 0 to 63 decimal
m is a real number, PEX, PEY, PEZ
pX, PY, PZ, IO through 19, or 00 through Qs
DESCRIPTION: The LET command defines a variable as a number, as the
value of an input or output line, or as the position or position

error of an axis. A variable may also be defined without the LT

command by specifying Vn= .

EXAMPLES:
LT V1=7 Define V1 as number 7
LT V2=PEX Define V2 as position error of X
LT V3=PY+PZ Define V3 as positicn of Y plus Z
LT V4=9.,125 Define V4 as number 9.125
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MG MESSAGE UG
MG ccceccocccocccocegcooce while Moving YES
In a program YES
Not in a program YES

Default Value —-_——

c is any letter, number, symbol, or <cntrl>G

DESCRIPTION: The Message command sends up to 29 ASCII characters out
the IBM PC Bus port. This can be used to alert an
operator, send instructions, or return a variable wvalue. The
<cntrl>G or "Bell" character will sound a buzzer on most computers

or terminals. A semicolon at the end of the message inhibits the

carriage return line feed.

EXAMPLES:
#R PROGRAM R
MG Begin Program Message
MG Vi=;Vi= Message-Print V1 wvalue
P Q Define position as 0
PR 10C Position X is 100
BGX Begin X
BMX After Motion X
MG Position=;TPX Print Message-return X position
EN End Program
1 XQ #R Begin Program

Vv1=0000000.,000
Pogition = 0000100,,
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MO MOTCOR_CFF MO
MO XYZ wWhile Moving NO

In a program YES

Not in a program YES

Default Value —

DESCRIPTION: The Motor Off command shuts off the control algorithm.
The controller will coatinue to monitor the motor position. To
turn the motor back on use the Servo or Servo Here commands (SV)
or (SH). The controller can be configured to wake-up in the

motor-off mode Lif MOF is jumpered.

EXAMPLES:
MO Turn off all motors
MOX Turn cff the X motor
Leave the Z,Y¥ motors unchanged
MOY Turn off the ¥ motor
Leave the X,2 motors unchanged
MOZX Turn off the Z and X motors
Leave the Y motor unchanged
5H Turn all motors on
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NO NO OPERATION NO
NO While Moving YES
NO ccccceccooceocae In a program YES
Not in a program YES
Default Value —-——
¢ i3 any letter, number, symbol or <cntrl>G
DESCRIPTION: The No Operation command performs no action in a
sequence, but can be used as a place holder. After the NO, up to
29 chéracters can be given to form a program comment. This helps

to document a program.

EXAMPLES:
#3n PROGRAM A
NO No Operation
NO This Program ' No Operaticn
NGO Does Absolutely No Operation
NC Nothing No Operation
EN END OF PROGRAM
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0t OFF ON ERROR OE
0F x,y.z While Moving YES
In a progranm YES
Not in a program YES
Default vaiue 3,0,0

x,y,z are 0 or 1. O disables function.
1 enables off-on-errcr.

DESCRIPTION: The Off on Error command sets the ODMC-630 to shut off the
motor command if a position error in excess of the 1imit
specified by the ER command occurs. The 0El command enabies
this function, while the OEQ command disables it. When the OE
command is enabled, an Abort either from the Abort input or the
Aport command will shut off the motor,

EXAMPLES:
og 1.1.1 Fnable OFE on all axes
0 O Disable QOF an X-axis
Y and 7 remain unchanged
og ,.1 Enable OFE on Z axis
¥ and Y remain unchanged
0E 1,0,1 Enable OF on X and Z axis

Y remains unchanged
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or COFFSET oF
OF xX,¥,2 While Moving YES
OoF 2,72,2 In a program YES
Not in a program YES
Default Value 0

X,¥,z are signed numbers in the range
=127 to 127 decimal
(-2047 to 2047 decimal for 12-bit DAC in
DMC-6X1)
DESCRIPTION: The coffset command gets a bias in the motor command

cutput or returns a previcusly set value. This can be used to

counteract gravity or an offset in an amplifier.

EXAMPLES:
oF 1,-2,3 Set X-axis offset to 1, the Y-axis offset
to -2, the Z-axis to 3
QF -3 Set X—axis offset to -3
Leave Y-axis offset unchanged
QoF ,0 Set Y-axis offset to 0
Leave X-axis offset unchanged
QF ?,7,? Return offszets
-Q03,000,003
OF ? Return X offset
-00Q3
QF ,? Return Y coffset
Q00
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[#)5 QUTPUT PORT oF
OP m,n While Moving YES

In a program YES

Not in a program YES

Default Value o

m is an integer in the range
0 to 256 decimal

n is an integer in the range
1 to 8 decimal

DESCRIPTION: The Output Port command sends 8 bits of data to the
output port of the controller. It is convenient to specify the HX
mode before setting OP. You can use the output port to control
external switches and relays. The n parameter is used to specify
the number of bits effected starting with the LSB. The cother bits
are masked. For example, if n=2, only output bit 0 and 1 will be

changed by OF m. If the n parameter is not specified, all bits

will be changed.

EXAMPLES:
HX Set Hex mode
QP O Clear Output port
QP 85 Set bits 7,2 and Q; clear the others
op 85,2 Set bit 0. Clear bit 1. Others

unchanged.
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P PCSITION P
PX While Moving YES

PY In a Program YES

PZ Not in a Program YES
Default Value -

DESCRIPTION: The Position command will respend with the position of
that axis. This function allows the program to utilize the
current position of the specified axis. The position c¢an also be

saved in a variable, which can later be used in a mathematical

expression.

NOTE: This command can only be used in equating to the variables or

in setting conditicns.

EXAMPLES:
V1=PX Sets V1 as current position of X-axis
JP #B,PY<10000 Jumps to label B if position of Y exceeds
10000
V2=PX*3-10000 Sets V2 as 3 times the position of X-axis

minus 10000
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PA POSITION RABSQLUTE BA
PR x,Y,2 While Moving NO

PA 2,?,? In a program YES

Not in a program YES

Default Value
X,y,Zz are signed integers in the range
-8388607 to 8388607 decimal
DESCRI?TION: The Position Absolute command will set the final

destination of the next move. If a ? is used, then the current
destination (current command position if not moving, destination
if in a move) is returned. The largest position move possiblelis
8388607. A commanded move greater than this number will create a
move in the other direction (numeric rollover). Units are in

quadrature counts.

EXAMPLES:
:PA 400,-600,500 ¥-axis will go to 400 counts,
Y-axis will go to -600 counts,
z-axis will go to 500 countsg
on the next BG command
1PA 7,2,7 Returns the current commanded position

0000000, 0000000, 0000000

: BG Start the move

:PA 2 Returng the X—-axis destination
~QQ00600C

:PA 700 X-axis will go to 700 on the next move,

while the Y-axis and Z-axis will
travel the previously set relative
distance if the preceding move was a
PR move, or will not move if the
preceding move was a PA move.
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CAPTURED POSITION PC

PCX While Moving YES
PCY In a Program YES
PCZ Not in a Program YES
Default value 0

DESCRIPTION: The PC command returns the value of the captured

position from the high speed latch. This command can only be

used when equating to variables or testing conditions.

EXAMPLE:

Vi=PCX Sets V1 equal to captured position
JP #B,PCY>1000 Jump to #B if captured Y pogitiocn is more
than 1000

*For DMC-6X1 Series only.
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BD=* DUAL ENCODER POSITION PD
PDX While Moving YES

PDY In a Program YES

PDZ Not in a Program YES
Default Value 8]

DESCRIPTION: The PD command returns the dual encoder position as a variable.
This command can only be used in equating to variables or when testing

conditions.

EXAMPLE:
V1=PDX Sets V1 equal to auxiliary X encoder
position
JP #8,PDX>10000 Jump to #B if auxiliary enceder position

is greater than 10000

*For DMC-6X1 Series only.
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PE POSITION ERRCR PE
PEX While Moving YES
PEY In a Program YES
PEZ Not in a Program YES

Default Value e

DESCRIPTICN: The Position Error command will respond with the
position error of that axis. This function allows the program tao
utilize the current position error of the specified axis. The
position error can also be saved in a variable, which can then be

utilized in a mathematical expression.

NOTE: This command can only be used in equating to the variables or

in setting conditions.

EXAMPLES:
V1=PEX Sets V1 equal to position error of X-axis
V2=PEY Sets V2 equal to position error of Y-axis

JP #P,PEX*PEX>100 Jump to label P if the square of the
position error is greater than 100 or if
the error is out of +/-10 counts range.
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PL POLE PL
PL x,¥,Z While Moving YES

PL ?2,7,? In a program YES

Not in a program YES

Pefault Value Q

X,¥.z are unsigned numbers in the range
0 to 255 decimal
DESCRIPTION: The Pole command sets the compensating pole in the
control loop or returns the previously set value. It £fits in the
control equation as follows:

GN (z-ZR/256)

Plz) ==z pL/258)

See Section I.2 for further analysis.

EXRMPLES:
PL 20,30,40 Set f-axis pole to 20
Y-axis pole to 30
Z-axizs pole to 40
PL 15 Set ¥X-axis pole to 15
Leave Y,2 poles unchanged
PL ,50 Set Y-axis pole to S50
Leave X,Z axis poles unchanged
PL 2,2,7 Return X,Y,Z poles

015,050,040

PL ? Return X-axis pole

01s
PL ,? Return Y-axis pole
050

Note: The Pole 1s not used in the DMC-6X1 Series.
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PR POSITION RELATIVE PR
PR x,¥.,2 While Moving NC

PR ?,?,7? In a program YES

Not in a program YES

Default Value Q

X,¥,2z are signed integers in the range
-8388607 to 8388607 decimal
DESCRIPTION: The Pogiticn Relative command sets the incremental
distance and direction of the next move. If a ? is used, then the

current incremental distance is returned (even if it was set by a

PA command). Units are in quadrature counts.
EXAMPLES:
:PR 100,200,300 On the next move the X-axis will go

100 counts, the Y-axis will go 200
counts forward, Z-axis will go 300
counts

:PR 500 The X-axis will go 500 counts on the
next move while the Y-axis will go

its previously set relative distance

:PR ?2,2,7 Return relative distances
Q000Q010Q0,0000200,000C0300

tPR ,7? Return the Y-axis relative distance
0000200
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RC REPORT WHEN COMPLETE RC
RC x,y,2 While Moving YES

RC ?2,72,7 In a program YES

Not in a program YES

Default Value 0,0,0

x,¥y,z are 0 or 1
0 disables function
1 enables Report-when-complete
DESCRIPTION: The Report When Complete command will return an X,¥, or

7 +o the host computer upon completion of the %,Y, or Z motion,

respectively. This function may be enabled or disabled by setting

1 or 0 for each axis.

EXAMPLES:
RC 0,0,0 Disable report when complete on X,Y,2
axis
RC ,,1 Enable report when complete on Z axis
only. X and Y unchanged.
RC 1,0,1

Enable report when complete on X and 2
axis. Disable Y axis.
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RE RETURN FROM ERROR ROUTINE RE
REn While Moving NO

In a program YES

Neot in a program NO

Default Value ———
n=0orl

0 clears interrupted trippoint
1 restores gtate of trippoint

DESCRIPTICON: The return from error routine is used to end an error
handling subroutine or limit switch handling subroutine. The
‘error handling subroutine begins with the #] label. The limit
switch handling subroutine begins with the #[. An RE at the end
of these routines causes a return to the main program. Care
should be taken to be sure the error or limit switch conditions no
lenger occur to avoid re-entering the subroutines. If the program
sequencer was waiting for a trippoint to cccur, prior to the error
interrupt, the trippoint condition is preserved on the return to
the program if RE1l is used. REO clears the trippoint. To avoid
returning to the main program on an interrupt, use the IS command

to zero the subroutine stack.

EXAMPLES:
000 #( Begin Error Handling Subroutine
001 MG ERROR Print message
002 sBl1 Set cutput bit 1
QC3 RE Return to main program and

clear trippoint
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RI RETURN FRCOM INTERRUPT ROUTINE RI
RI While Moving NO

In a program YES

Not in a program NO

Default Value —
n=0or1l
0 clears interrupt trippeint
1 restores trippoint
DESCRIPTION: The Return From Interrupt Routine is used to end the
interrupt subroutine beginning with the label #°. BAn RI at the
end of this routine causes a routine to the main program. The RI
command also re-enables input interrupts. If the program
sequencer was interrupted while waiting for a trippeint, such as
WT, RI1 restores the trippoint on the return to the program. RIOQ
clears the trippoint. To aveoid returning to the main preogram on
an interrupt, use the command IS to zero the subroutine stack.

This turns the jump subroutine into a jump only.

EXAMPLES:
#- Begin interrupt subroutine
MG INPUT INTERRUPT Print Message
SB 1 Set output line 1
RI 1 Return to the main program and
restore trippoint
or
#- Begin interrupt subroutine
MG INTERRUPT Print Message
Z8 Zero subroutine stack
JP #A Jump to #A
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RL:* REPORT POSITION LATCH RL
RIL. XYZ While Moving YES

In a Program YES

Not in a Program YES

Default Value o

X,¥Y,2 are X,Y¥ and Z-axis

DESCRIPTICN: The RL command returns the last position captured by the
high speed position latch. The tatch must first be armed by the
LA command and then a low signal must occur on the appropriate
input on the 40-pin connector. Pin 27 latch %, Pin 31 Latch Y,
Pin 35 Latch X. The latch status can be tested with the LX,LY or

LZ command.

EXAMPLE:
JG ,5C00 Jog Y-axis
BGY Begin jogging
LAY Arm lateh
#B Loop until latch occurs
JP #B,LY=1 Test for latch still armed
RL Report latch

To assign the latched position value to variables, use the instruction V1sPCX,
PCY or PCE.

*For DMC-6X1 Series only.
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RM* SPECIFY ACCELERATION RAMP RM
RM x,Y,2 While Moving NO

In a Program YES

Not in a Program YES

Default Value 1024

x,Y,Zz are numbers in the range 1024 to 8,308,807
The units are (counts/sec }/2 msec

DESCRIPTION: RM x,y,z specifies the acceleraticon ramp {jerk rate)

during independent moves {PR,PA,JG}. The command TA 1,1,1 must

we used to enable the trapezoidal or "S-curve" mode. During this

mode, the controller will generate commands to ramp the

acceleration up to the peak acceleration value, AC. The rate of

acceleration change is given by RM.

EXAMPLE:

™A 1

PR 50000
SP 60000
AC 180000
RM 2160
BGX

Set "S-curve”" mode
Distance

Slew speed

Peak acceleration
Acceleration rate
Begin motion

*For DMC-6X1 Series only.
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RS RESET RS
RS While Moving YES

In a program NO

Not in a program YES

Default Value -

DESCRIPTION: The Reset command resets the state of the processor to
its power-on condition. The previocusly saved state of the

controller, along with parameter values, and saved sequences are
restored.
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SB SET BIT SB
SB n While Moving YES

In a program YES

Not in a program YES

Default Value

n i= an integer in the range
0 to 7 decimal

DESCRIPTION: The Set Bit command sets one of eight bits on

the output port.

EXAMPLES:
SB & Set output bit 5
SB 0 Set output bit O
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sSC STOP CODE SC
SC While Moving YES

In a program YES

Not in a program YES

Default Value ——

DESCRIPTICON: The instruction Stop Code allows the user to determine

why a motor stops. The contreller responds with the stop code as

follows:
CORE MEANING
o Motors are running, independent mode
1 Motors stopped at commanded independent position
2 Decelerating or stopped by FWD limit switches
3 Decelerating or stopped by REV limit switches
4 Decelerating or stopped by Stop Command (ST)
6 Stopped by Abort input
7 Stopped by Abort command (AB)
8 Decelerating or stopped by Off-on—-Error (OEl)
9 Stopped after Finding Edge (FE)
10 Stopped after Homing (HM)
100 Motors are running, vector sequence
igl Motors stopped at commanded vector
102 Contouring Stop
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SE* SPECIFY ENCODER TYPE SE
SE X,¥.2 While Moving NO
In a Program YES
Not in a Program YES
Default Value 0

X,¥,2 may be 0,1,-1
where 0 disables auxiliary encoders
1 enables dual encoders of quadrature type
-1 enables auxiliary input for INC & DEC

DESCRIPTION: SE specifies the encoder type for the dual encoder mode.
The type may be guadrature enccders (CHA and CHB) or incremental

and decrement pulses (INC and DEC).

EXAMPLE:

SE 1,0,-1

*For DMC~6X1 Series only.
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SH SERVO HERE SH
SH XYZ While Moving NO

In a program YES

Not in a program YES

Default Value B

DESCRIPTION: The Servo Here command tells the controller to use the

current motor position as the command position and to start

controlling.

This command can be useful when the position of a motor has been

manually adjusted following a motor off (MO) command.

EXBMPLES:
SH Serve X,Y,Z motors
SEX only servo the X motor, the ¥ and I
motors remain in its previous state
SHY Servo the Y motor; leave the X and 7
motors unchanged
SEZ Servo the Z motor; leave the X and ¥

motors unchanged
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SP SPEED SP
SP x,y,2 while Mowing YES

Sp 2,7,7? In a program YES

Not in a program YES

Default Value 8192

X,y,z are unsigned numbers in the range
2 to 500000 decimal
DESCRIPTION: This command sets the slew speed of any or all axes for
independent moves, or it will return the previcusly set value.
The parameters input will be rounded down to the nearest factor of

2. The units of the parameter are in counts per second.

EXAMPLES:
PR 2000,3000,4000 Specify x,y,z position
8P 5000,6000,7000 Specify x,y,z speeds
BG XYZ Begin motion of all axes
AM 2 After Z motion is complete
Vs 40000 Specify vector speed
VP 10000,10000 specify X,Y vector position
BG § Begin vector motion
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ST STOPR ST
ST XY2Z While Moving YES
sT In a program YES
ST § Not in a prcgram YES
ST SZ Default Value —

DESCRIPTION: The Stop Command stops motion on the specified axis.
Motors will come to a decelerated stop. If ST is given without an
axis specification, program execution will stop in addition to

X¥Z. XYZ specification will not halt program execution.

EXAMPLES:
ST X Stop X axis motion
ST S5 Stop coordinated XY sequence
ST XYZ Stop X,Y,Z motion
57 Stop program and XYZ motion
ST sSZ Stop coordinated XY sequence and Z motion
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sV SERVO sV
SV X¥Z While Moving NO

In a program YES

Not in a program YES

Default Value -—

DESCRIPTION: The Servo command enables the control law and amplifier.

The motor will servo to its previously set command position.

EXAMPLES:
sV Servo X,Y,Z axes
s5VX Servo the %¥-axis, leave the Y-axis,
Z~axis unchanged
sVY Servo the Y-axis, leave the ¥-axis,
Z-axis unchanged
SVXY Serve X and Y axes
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T TIME T
=T While Moving YES

In a Program YES

Not in a Program YES

Default Value -

DESCRIPTION: The Time command allows the program to access time as

variable. The range for T is between +/-8388607.

NOTE: This command can only valid when used during setting the

variables with current time.

EXBMPLE:

V1i=T Sets V1 at current time
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TA* SET UP TRAPEZCOIDAL ACCELERATION TA
TR X,Y,2 While Moving NO

In a Program YES

Not in a Program YES

Default Value 0

X,y,2 are 0 or 1
1 enables trapezoidal acceleration mode
0 disables trapezcidal acceleration mode

DESCRIPTION: The commancd TAl is required to set the trapezoidal
acceleration (S-curve) mode during independent moves (PR, PA,
JG}. RM n specifies the actual acceleration ramp in

(counts/secz)/z msec

EXAMPLE:
TA 1,.,0 Set "S-curve" mode for x and z
PR 50000,,7000 Distance
s &0000,,5000 Slew speed
AC 180000, ,100000 Peak acceleration
RM 2160,,1000 Acceleration rate
BGXZ Begin motion

*For DMC-6X1 Series only.
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TB TELL BITS T8
TB While Moving YES

Iin a program YES

Not in a program YES

Default Value ———

n is an integer in the range
Q0 to 2585

DESCRIPTION: These commands give information on the status of the

controllers.

Bit 7 Always low

Bit 6 Executing program if high

Bit 5 Contour Mode active if high
Bit 4 Hex Mode if high

Bit 3 Always low

Bit 2 Rlways low

Bit 1 Trace function enabled if high
Bit O Always low -
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TC TELL _ERROR CQDE TC
TC While Moving YES

In a program YES

Not in a program YES

Default Value

DESCRIPTION: The Tell Error Code returns a number between 1 and 255.
This number is a code that reflects why a command was not accepted
by the DMC-630 processing unit. This command is useful when the
DMC-630 halts execution of a program at a command or when the
response to a ccmmand is a question mark. Entering the TC command
will provide the user with a code as to the reason. After TC has

been read, 1t is set to zero

*Note: For DMC-6X1 Series, the TCl command may be used where the 1

designates that the text message for TC is alse to be returned.

Error Codes:

1 Unrecognized command
2 Command only from program
3 Command not valid in program
4 Operand error
5 Command too long
6 Number out of range
7 Command not valid while running
8 command not valid while not runaing
5 Bad variable number
10 Empty program line or label
11 Invalid label or line number
12 Subroutine more than 8 deep
13 J¢ only valid when running in jog mode
14 Checksum error
16 IP incorrect sign during position move or IP given
during forced deceleration
17 Edit & DL not valid while program running
i8 Command not valid when contouring
20 Begin not valid with motor off
21 Begin not valid while running
22 Begin cannot be executed because of Limit Switch
24 Begin not valid because no VP,CR seguence defined
28 variable not given in IN command
26 aM must not have more than one parameter
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30
31
3z
33
40
41
42
45
46
50
51
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Not valid during coordinated move

Sequence segment too short

Total move distance in a sequence > 8 million
More than 255 segments in a sequence
Download Error (line teoco long or too many lines)
Contouring record format error

Contouring record range error

Contour record data being sent too slowly
Array index or syntax error

Gear axis both master and follower

MP only valid in Master/Slave Mode

Nc sequence in Master/Slave
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TD* TELL DUAL ENCODER D
™ X.Y,Z While Moving YES

In a Program YES

Not in a Program YES

Default Value -

where X,Y,Z are the X,Y and Z axes

DESCRIPTION: TD returns the position of the auxiliary encoder inputs.
The auxiliary enccders are enabled with the SE command. To
assign the dual encoder position to a variable, use the

instruction V1=PDX, PDY or PDI.

EXAMPLE:

TDY Tell the Y auxiliary encoder

*Por DMC-6X1 Series only.
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TE TELL ERROR TE
TE XYZ While Moving YES

In a program YES

Not in a program YES

Default Value —-——

DESCRIPTION: This command returns the current position error of the
motor(s) in a form of a four-digit hex number or five-digit

decimal number.

EXAMPLES: Assume that the pcsition errers for the X,Y and Z axis are
‘5, -2 and 0, respectively.

TE Return all peosition errors
Q0Q0s5, -00002, 00000

TEX Return the X motor position error
0C00s5

TEY Return the Y motor position error
-00002

HX Change to HX

TP Return position error in HX

0005, FFFE, 0QOC
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TL TELL INPUTS TT
TI While Moving YES

In a program YES

Not in a program YES

pefault Vvalue -

DESCRIPTION: Returng the state of the general inputs, Il through I8.

MSB Bit 7 Input 8
Bit & Input 7
Bit 5 Input 6
Bit 4 Input 5
Bit 3 Input 4
Bit 2 Input 3
Bit 1 Input 2
Bit C Input 1

Example:

TI

cos8 Input 4 is high, others low

TI

000 All inputs low
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TL TORQUE LIMIT TL
TL x,¥,2 wWhile Moving YES

TL ?2,7,2 In a program YES

Not in a program YES

pefault Valde 127

X,Y,Z are unsigned numbers in the range
1 to 127 decimal
{1 to 2047 decimal for -12 bit DAC in
DMC-6X1 Series)
DESCRIPTION: The Torgue Limit command sets the limit on the Output

DAC’s or PWM signal. 127 will allow for full scale, 64 limits the

cutput to 50% of its range, 96 limits it to 75%, etc.

EXAMPLES:

T 13,64,127 Limit X-axis to 10% of full scale
Y-axis to 50% of full scale
Z-axis to 100% of full scale

TL 114 Limit X-axis to 90% of full scale

Leave Y,Z unchanged
TL ,96 Limit Y-axis to 90% of full scale
TL ?,7?2,7? Return limits

114,96,127

TL ? Return X-axis limit
114
TL ,? Return Y-axis limit
96
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™ TIME ™
™ n While Moving YES

In a program YES

Not in a program YES

Default Value 1000

n is an integer in the range
1000 to 32767 decimal
DESCRIPTION: The TM command sets the sampling period of the cantrol
loop. Changing the sampling pericd will uncalibrate the speed and
acceleration parameters (See Section I.2). A negative number turns
off the internal clock allowing for an external source to be used

as the time base.

EXAMPLES:
™ -1000 Turn off external c¢lock
™ 2000 Set sample rate to 2000 Isec (This will
cut all speeds in half and all
acceleration in fourths)
™ 1000 Return to default sample rate
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TP TELL POSITION TP
TP XYZ While Moving YES

In a preogram YES

Not in a program YES

Default Value —

DESCRIPTION: This command returns the current position of the motor(s)
in the form of a six-digit hex number or seven-digit decimal

number.

EXAMPLES: Assume the X-axis is at the position 200 (decimal), the
Y-axis is at the position -10 (decimal), and the Z-axis is at
position 0.

v Return X,Y,Z positions
0000200, -0000010,0000000

TPX Return the X mctor position
00g0200

TPY Return the Y motor position
=-0000010

HX Change to hex

TP Return X,Y¥,Z2 in hex

QC00Cs8, FFFFFEG, 000000
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IR TRACE TR,

TR1 While Moving YES
TRO In a program YES
Net in a program YES
Default Value TRO

DESCRIPTION: The Trace command causes each instruction in a program
to be sent out the communications port prior to execution. TRI
enables this function and TRO disables it. The trace command 1is

useful in debugging programs.
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TS TELL SWITCHES TS
TS XYZ While Moving YES

In a program YES

Not in a program YES

Default Value ——

DESCRIPTICN: Returns the state of the Home, Index, Forward Limit and

Reverse limits for each axis. Also returns error, motion, and

motor status.

X
Bit 7 Home X
Bit & Index X
Bit & Forward Limit X

Bit 4 Reverse Limit X

Bit 3 Latch X (l=armed)*
Bit 2 X motor off if high
Bit 1 ¥ in meotion if high
Bit 0 X error if high

Y

Bit 7 Home Y

Bit & Index Y

Bit B Forward Limit ¥

Bit 4 Reverse Limit Y
Bit 3 Latch Y (l=armed)~*
Bit 2 Y motor off if high
Bit 1 ¥ in motion if high
Bit O Y error if high

2

Bit 7 Home 2
Bit 6 Index Z
Bit B Forward Limit Z
Bit 4 Reverse Limit 2
Bit 3 Latch Z (l=armed)~*
Bit 2 Z motor off if high
Bit 1 2 in motion if high
Bit © Z error if high

*Bit 3 tests for latch in DMC-8X1 Series only, otherwise Bit 3 is always low.
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TT TELL TORQUE

TT

T While Moving YES
In a program YES

Not in a program YES

Default Value

DESCRIPTION: The Tell Torque instruction reports the two’'s complement

eight-bit motor command before it has been converted into analog.

The relationship between the value returned by TT and the analog

motor command is:

TT(Decimal) TT (Hex) Motor Command
~127 81 -10V Most negative
-1 FF ~0.08V
o 0 o]
127 7 10V Most positive
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TV* SET UP TRAPEZOIDAL ACCEL-COQRDINATED v
™V n While Moving NO

In a Program YES

Not in a Program YES

Default Value 0

n=0 turns off trapezoidal accel mode
n=1 turns on trapezcidal accel mode

DESCRIPTION: The command TV 1 is regquired to set the trapezoidal
acceleration (S-curve) mode during coordinated moves (VP and CR).
VR n specifies the actual acceleration ramp in
(counts/secz)/2 msec. When TVl is specified, the controller will
generate commands to ramp the acceleration up to the peak vector

acceleration value, VA. The rate of acceleration is given by VR.

EXDMPLE:
™ 1 Set "S-curve" mode
VB 50000¢,50000 Vector distance
Vs 10000 Vector speed
VA 50000 Peak vector acceleration
VR 2000 Specify acceleration rate
BGS Begin sequence

*For DMC-6X1 Series only.

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



173

UL UPLOAD . UL
While Moving YES
In a pregram NO
Not in a program YES

Default Value -

DESCRIPTION: The Upload command transfers data from the DMC-630 to a
host computer. Programs are sent without line numbers. Uploading

is terminated with a contrel Z.

EXAMPLES:
UL; Begin Upload
#A Line O
This is an Example Line 1
No Program Line 2
EN Line 3
<control> Z Terminator
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Vn= VARIABLE vn=
vn=m While Moving YES

In a program YES

Not in a program YES

Default Value c

n is an integer in the range

0 to 63 decimal
m is a real number, PEX,PEY,PEZ
PX,PY,PZ,IC through I8, or Q0 through €%
MY, MY, MZ (1 in motion)
QX, 0¥, 0Z (1 is motor off)
T (Time)

DESCRIPTION: The Vn= command 1s used to define a variable. A
variable is specified using the LT command or Van= command.
Variables can be specified as real numbers, constants, position
or position error of an axis, the status of I/0 lines, motion
status, metor status and time. Once specified, a variable can be
manipulated using arithmetic operaticons. Arithmetlc operations
proceed from left to right. Variables can have values of real
numbers between the range of pB388607.000. The fractional part
has a resolution of 1/256th. The Vn= command will only send a
carriage return line feed if the command is terminated in a

carriage return. If terminated in a ; no carriage return line

feed is sent.

EXAMPLES:
vl =5 Sets V1 egqual to five
V2 = PEX Sets V2 as position error of X
V3 = VI1+5 Sets V3 as V1 plus five
v3 = Return value of V3
000C010.000
V4 = 899.99 Set V4
V4 = Return value of V4
0000899.988
v5 = T Sets V5 as the actual time.

The response is a constantly
running clock in increments of
976 microseconds (i.e. 1024
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equals 1 second)

Ve = MY Sets V6 as motion status of Y.
If Y is in motion, value
returned is 1.

v7? = I7 Sets V7 as value of Input 7.
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VA VECTOR ACCELERATION VA
VA n While Moving NO
va 2 In a program YES

Not in a program YES
Default Value Q

n ig an unsigned number in the range
1024 to 33282288 decimal
DESCRIPTION: This command sets the acceleration rate of the vector in
a coordinated X,Y¥ motion sequence. The parameter input will be
rounded down to the nearest factor of 1024. The units of the

.parameter is counts per second squared.

EXAMPLES:
VA 1024 Set vector acceleration to 1024
counts/se&
VA ? Return vegtor acceleration
00001024

NOTE: This command is not valid in the DMC-610.
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VP VECTOR POSITION _ 54
VP x,V¥ While Moving NO

In a program YES

Not in a program YES

Default Value
%,y are signed integers in the range
-8388607 to 8388607 decimal
DESCRIPTION: The vector position command defines the target
coordinates of a straight line segment in a motion saquénce. The
motion starts with the Begin sequence command. The units are in

quadrature counts.

*NOTE*: Both the X and Y parameters must be specified.

A move of zero length is invalid.

EXAMPLES:
#A PROGRAM A
VP 100G, 2000 Specify vector position X,Y
VS 2000 Specify vector speed
VA 400000 Specify wvector acceleration
BGS Begin motion sequence
EN END PROGRAM

NOTE: This command is not valid in the DMC-610.
*TMPORTANT: The first vector in a coordinated motion sequence defines the

origin for that sequence. All other vectors in the sequence are defined with
regpect to the start of the move.
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VR* SPECIFY ACCEL RAMP - COORDINATED VR
VR n While Moving NG
In a Program YES
Not in a Program YES
Default Value 1024

n is a number in the range 1024 to 8,308,807
the units are (ccunts/secz)/2 msec

DESCRIPTICN: VR n specifies the acceleration ramp (jerk rate) during
coordinated moves. The units are (counts/secz)/2 msec. The
command TV 1 must be used to enable the trapezoidal or "S-curve"
mode. During this mode, the controller will generate commands to
ramp the acceleration up to the peak vector acceleration value,

VA. The rate of acceleration is given by VR.

EXAMPLE:
™V 1 Set "S-curve" mode
VP 50000,50000 Vector distance
vs 100C0 Vector speed
VA 50000 Vector acceleration
VR 2000 Acceleration rate
BGS Begin sequence

*For DMC-6X1 Series only.
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vs VECTOR SPEED Vs
VS n While Mcving YES

vs ? In a program YES

Not in a program YES

Default Value
n is an unsigned number in the range
2 to 500000 decimal
DESCRIPTION: The command vector speed specifies the speed of the X, Y
vector in a coordinated motion sequence. The parameter input is

rounded down to the nearest factor of 2. The units are counts per

second.
EXAMPLES:
vs 2000 Define vector speed as 2000 counts/sec
vs ? Return vector speed
002000

NOTE: This command is not valid in the DMC-610.
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WT WAIT WT
Wt n While Moving YES

In a program YES

Not in a program YES

Default Value -—
n is an inteéer in the range
0 to 65353 decimal
DESCRIPTION: The Wait command is a trippoint used to time events.
After this command is executed, the controller will wait for the
number of samples specified before executing the next command. If
the TM command has nct been used to change the sample rate, then

the units of the Wait command are milliseconds.

EXAMPLES: Assume that 1C seconds after a move is over a relay must be

closed.
#A PROGRAM A
PR 50000 Position relative move
BGX Begin the move
AMX After the move is over
WT 10000 Wait 10000 milliseconds
SB Q Turn on relay
EN END PROGRAM
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X0 : EXECUTE PROGRAM 20
XQ #L While Moving NO

In a program NO

Not in a program YES

Default Value ———

L is a label A to 2, a to z, or {, or }

DESCRIPTION: The Execute Program command starts a previously entered

program cperating. Execution will start at the label specified.

EXAMPLES:
1XQ #A Start execution at label A
1 XQ #d Start execution at label 4
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ZR ZERO ZR
IR x,¥,Z While Moving YES

ZR 2,7?2,7 In a program YES

Not in a program YES

Default Value 232

X,¥,Z are unsigned numbers in the range
0 to 255 decimal

DESCRIPTION: The Zero command sets the cempensating zero in the

control loop or returns the previcusly set value. It fits in the

control equation as follows:

GN (z-ZR/256)

D{z) =
4 ({z-PL/258)

See Section I.2 for further analysis.

EXAMPLES ;
ZR 250,240,220 Set X~axis zero to 250
Y-axis zero to 240
Z-axis zero to 220
ZR 235 Set X-axis zero to 235
Leave Y,Z zero unchanged
ZR ,252 Set Y-axis zero to 252
Leave X,Z zero unchanged
ZR 7,72,7 Return all zeroes
235,252,220
2R 7 Return X zero
235
ZR ,7? Return Y zero
252
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28 ZERO SUBROUTINE STACEK — Z8
ZS n While Moving ?

In a program YESs

Not in a program NO

Default Value -—

n=0o0orl

DESCRIPTION: The ZS command is only valid in an application
program and is used to avoid returxning from an interrupt
(either input or error). IS5 alone returns the stack to
its original condition. 28! adjusts the stack to
eliminate one return. This turns the jump to subroutine
into a jump. Do not use RI (Return from Interrupt) when
using 28. To re-enable interrupts, you must use Il

command again.

EXAMPLES:
#° Interrupt Routine
MG INTERRUPT OCCURRED Print Message
zs Zero Stack
JP #A Jump to #A or other location
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# LABEL - #
#L While Moving YES

In a program YES

Not in a program NC

Default Value -

L is A to 2, a to z, or [, or |

DESCRIPTION: The Label (#) command names a line in a program. It can
be used to name the start of a program, a place to jump te, or the
start of a subroutine. Valid labels are single character upper or
lower case letters. [,], are special labels. The ] label will
mark the point where the controller will start execution if the
position error exceeds the error limit. The { label marks the
point where the controller will start execution if a limit switch

vecurs. The ~ label marks the beginning of the input interrupt.

EXAMPLES:

VALID LABELS
#A
#a

INVALID LABELS
#al

#aa

#Label

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



APPENDIX A

decimal system in the DMC-630.

used,

HEX number 3FA71B would be

Neote:

Decimal to Hex Conversion
The Hexadecimal numbering system (base 14) is used in addition to the
To send commands in hex the command (HX)

and to convert back to decimal (DC)

DECIMAL HEX

W~ e W RO

10
11
12
i3
14
15

M EBODOQD P Wo-3a e WO

{3+1048576) + (15-65536) + (16.4096) + (7-256) +

{(1-16) + 11

= 4171547 decimal

Negative hex values are represented as 2's complement

quantities.
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APPENDIX B Pulse Width Modulation
Besides the analog motor command, the DMC-630 produces two types of pulse
width modulated signals which can be used to directly drive an amplifier.

The forms are for a "chopper™ or an "inverter™ amplifier configuration.

in the "inverter" form, the PWM signal will be 50% duty cycle for ¢ current,
0% duty cycle for full negative current, and 99.6% duty cycle for full
pogitive current. This method of driving an amplifier has the advantage of
being very linear, but it is not very power efficient. The DMC-630 will

produce this form of PWM if the "SM" Jjumper is left unjumpered.

If the "SM" jumper is jumpered, then the form of PWM is the "chopper™ form.
In this form, the PWM duty cycle represents the magnitude of current, while
the sign of the current is contained in the SIGN signal. 2ero or low is for
positive current, one or high is for negative current. This form of PWM is

more power efficient but is nonlinear.

Note that when the "SM" jumper is jumpered, the analog motor command will

not be wvalid.
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APPENDIX C Encoder Types
As configured from the factory, the DMC-630 will interface directly to a 2
channel quadrature encoder, with TTL level outputs. However, other types of

encoders can also be used.

Incremental encoders which produce sinusoidal signals may be used if their
bCc level is 1.4 wolts. If the DC level is zero volts, configure for

differential encoders and put ground into CHA-, CHB- and Index-.
Differential encoders which output CHA-, CHB- and Index-, in addition to

CHA, CHB and Index, may alsoc be used with the DMC-630. To use the

differential enceder inputs, remove all aine of the DE jumpers.
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APPENDIX D DMC~-630 Pin-Quts

J10 - 60 pin

1 Ground 2 +5V
3 Error CQutput¥* 4 Reset Input*
5 Motor Command Qutput, 2 6 Motor Command Output, ¥
7 Motor Command OQutput, X B8 Ground
9 TIndex, 2Z 10 Index-, 2
11 Channel B,2 12 Channel B-,Z
13 Channel 3,2 14 Channel aA-,Z
153 Index, Y 16 Index-, Y
17 Channel B,Y 18 Channel B-,Y
13 Channel A,Y 20 Channel A-,Y
21 rForward Limit Switch,2* 22 Reverse Limit Switcgh,Z>*
23 Home Input,2 24 Forward Limit Switch,¥Y>
25 Reverse Limit Switch,Y~* 26 Home Input,Y
27 Abort Input* 28 +5v
29 Index,X 30 Index-,X
31 Channel B,¥ 32 Channel B-, X
33 Channel A, X 34 Channel A-,X
35 Forward Limit Switch,X* 36 Reverse Limit Switch,X*
37 Home Input,X 38 Ground
33 N.C. 40 Input 8
41 Input 7 42 Input 6
43 Input S 44 Input 4
45 Input 3 46 Input 2
47 Input 1 48 Ground
49 OQutput 7 50 CQutput 6
351 Qutput 5§ 52 Qutput 4
53 OQutput 3 54 Output 2
55 Qutput 1 56 OQutput 0
57 +12v 58 -12v
59 +5V 60 Ground

*Active Low
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J AUX - 40 pin

1 N.C. 2 N.C.

3 N.C. 4 N.C.

5 N.C. & N.C.

7 N.C. 8 N.C.

9 Motion Complete,Y* 10 Motion Complete,Z¥
11 Motion Complete,X* 12 Ground
13 Increment Input,Z or CHA 2 14 N.C.
15 Decrement lnput,Z or CHB 2 16 N.C.
17 Increment Input,¥ or CHR Y 18 N.C.
19 Decrement Input,Y or CHB Y 20 N.C.
21 Increment Input,X or CHA X 22 N.C.
23 Decrement Input,X or CHE X 24 N.C.
25 Vec 26 Ground
27 PWM Output,Z 28 N.C.
29 Sign Output,Z Latch Z*(6X1) 30 N.C.
31 PWM Output,¥ 32 N.C.
33 Sign Output,¥ Latch Y*(6X1) 34 N.C.
35 PWM Output,X 36 N.C.
37 Sign Output,X Latch X*(6X1) 3g N.C.
39 +12v 40 12V

*pActive Low
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Pin-Out Description
Cutputs

Motion Complete*
{Auxiliary)

Analog Mcoctor Command

PWM {Auxiliary)

Sign (Auxiliary)

Error*

Qutput O0-Qutput 7

Goes low when DMC-630 processor has
completed generating motion profile.
Motor may not actually be at positicn
yet.

ply Volt range signal for driving
amplifier. In serve mode, motor command
output is updated at the controller
sample rate, every 1 msec. In the motor
off mode, this output is held at 0 volts.

Pulse-width-medulated moter command for
driving switching transistors directly.
Not used if Rnalog motor command is input
to amplifier. The switching frequency is
39.2KHz. The PWM output is available in
two formats: Inverter and Sign
Magnitude. In the Inverter mode, the PWM
signal is 9% duty cycle for full negative
voltage, 50% for 0 voltage and 99.6% for
full positive voltage. In the Sign
Magnitude Mode, (Jumper SM), the PWM
signal is 0% for 0 veltage, 99.2% for
full voltage, and the sign of the meotor
command is available at the sign output.
(See Appendix B}

Used with the PWM signal to give the sign
of the motor command. Not used if analog
motor command is input to amplifier. (See
Appendix B)

The signal goes low when the position
error exceeds the value specified by the
error limit command, ER,

These § outputs are uncommitted and may
be designated by the user to toggle

relays and trigger external events. The
output lines are toggled by Set Bit, SB,
and Clear Bit, CB, instructions. The OP
instruction is used to define the state
of all the bits of the OQutput port.
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Inputs

Encoder CHA, CHB

Encoder Index

Encoder CHA-,CHB-, Index-

Abort*

Reset*

Forward Limit Switch¥

Reverse Limit Switch*

Home Switch

Increment (Auxiliary)

Position feedback from incremental
sncoder with two channels in quadrature,
CHA and CHB. The encoder may be analog
or TTL (See Appendix C). Any rescluticn
encoder may be used as long as the
maximum frequency does not exceed 500,000
gquadrature states/sec. The DMC-630
performs quadrature decoding of the
encoder signals resulting in a resolution
of quadrature counts {4 x encoder
cycles) .

Once-Per-Revolution encoder pulse. Used
in Homing sequence to define home con an
encoder index. {Cptional)

Differential inputs from encoder. May be
input aleng with CHA, CHB for noise
immunity of encoder signals. The CHA-
and CHB- inputs are optional.

{Note: Remove jumper if differential
input is used).

A low input stops motion instantly
without a controlled deceleration. Also
aborts motion program.

A low input resets the state <f the
processcr to its power-on condition. The
previously saved state of the controller,
along with parameter values, and saved
sequences are restored,

Low input inhibits motion in forward
direction. Also causes execution of
limit switch subroutine, #1.

Low input inhibits moticn in reverse
direction. Also causes execution of
limit switech subroutine, #].

Input for Homing (HM) and Find Edge (FE)
instructions. Upon begin ¢f HM or FE,
the motor accelerates to slew speed. A
transition on this input will cause the
motor te decelerate to a stop. The
initial direction of motion is forward if
the input starts low, and reverse if the
input starts high.

Each rising edge on this input incrementas
the position command counter by one
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quadrature count. Note: Position
counter loses calibration.

Decrement {(Auxiliary) Each rising edge on this input decrements
the position command counter by one
quadrature count, Note: Posaition
counter loses calibration.

Input l1-Input 8 Uncomnitted inputs. May be defined by
the usgser to trigger events. Inputs are
checked with the Conditional Jump
instruction and After Input instruction.
Lowest 4 bits are checked using IO=n
statement.
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APPENDIX E Jumpers

Label

SM

A2-A8

MO

DE

Function (If jumpered)

Selects Sign Magnitude mode for PWM
output (With SM jumper, the Analog
command is not a valid command).
Jumpers for Address Selection

Motor ¢ff ¢n power up

Enables differential encoder inputs
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APPENDIX F

F.l. Modeling

In order to understand the operation of the system we start with the
description of the system’s main elements and their mathematical models.

The functional elements of the system are shown in Fig. F.1l.

Motor-Amplifier
The mathematical model of the motor and the amplifier depends on the type of

the amplifier. When the amplifier is a voltage scurce with a gain Ka [V/V],

the transafer functicn of the motor is:

P l/Kt
_= [rad/volt]
E s{s Tm + 1) (a3 Te + 1)
where
RJ
T = [s}
m Kt
anad
T =L (3]
e R

and the motor parameters and units are

Kt - Torque constant [Nm/A}

R = Armature resistance {f]
J - Combined inertia of motor and load {Kgnmz]
. - Armature inductance ([H]

If the motor parameters are given in English units, it is necessary to

convert the quantities to MKS units. For example, consider a metor with the
parameters:

Kt = 14.16 oz*in/A = 0.1 Nm/A
R = 2.4

J = 0.0283 ozrin-s® = 2.10-4 kg-m®
L = 0.004 H

Then the corresponding time constants are
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T, = 0.04 szec
and
T = 0.002 sec

and the motor transfer function is

P 10

— [rad/V]
E 5{0.04s8 + 1) (0.002s + 1)

When the amplifier has a current feedback and acts az a current source, the
transfer function of the motor is medified to form

where Kt and J are as defined previously. For example, the motor described
by the previcus example will have the transfer function

p
E s2

frad/Aal

If the motor is a DO brushless motor, it is driven by an amplifier that
performs the commutation. The combined transfer functicn of the motor
amplifier combination is the same as that of a similar brush motor, as
described by the previous equations.

Encoderx

The encoder generates N pulses per revolutien. It outputs twoe signals,
Channel A and B which are in quadrature. Due to the quadrature relationship
between the encoder channels, the position resolution is increased to 4N
quadrature counts/rev.

The model of the enéoder can be represented by a gain of

4N

¥ =—— [counts/rad)
£ 217

For example, a 1000 lines/rev encoder is modeled as
Kf = 638

DAC

The DAC or D-to=A convertor converts an 8~bit number to an analog veltage.
The input range of the numbers is 256 and the output voltage range is plOV
or 20V. Therefore, the effective gain of the DAC is

20

Kd =3§-6- = (.08 {Volt/count]
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Digital Filter

The digital f£ilter has a transfer function of

D{z)}y = K

and a sampling time of T = 1 ms.

The filter parameters, X, &, B and C are selected by the instructions GN,

ZR, PL, KI, respectively. The relationship between the filter coefficients
and the instructions are:

K = GN/4

A = ZR/256
B = PL/25¢
C = KI/256

This filter includes a lead compensation and an integrator. It is

equivalent to a continuous filter with a transfer function G(s}
3 + a b

G(g) = g—— +—0
} El g + Db s

where

1 2000(1-a)  2000(256-2R)
(I+A)  (256+2R)

2000(1-8) 2000(256-PL)
b = =
(1+8) (256+PL)

1+A  GN (256+2ZR)
aK =3
g 1+B 4 {2564PL)

Hh
1l

1000 € = 3.9 KI

For example, 1f the filter parameters are
GN = 32 '

ZR 224

PL = 64

KI = 4

T = 0.001 s

the digital filter coefficients are

]

K =8
A = (.873
B = 0.25
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C = 0.015¢6

and the equivalent continuous filter, G(s), is

12(s+133) 15.8

G{s) = +
{(s+12C0) s

ZC0H

The Z0H, or zero-order-hold, represents the effect of the sampling process,
where the motor command is updated once per sampling period. The effect cf
the ZOH can be modeled by the transfer function:

1

H N —
(s) 1+sT/2

Since the sampling period i3 T = 0.001, H(s) becomes

2000

H{g) = —"——

5+2000

This completes the modeling of the system elements. Next, we discuss the
system analysis,.

F.2. System Analysis
To analyze the system we start with a block diagram model of the system

elements. The analysis procedure i3 illustrated in terms of the following
example.

Consider a position control system with the following parameters:

Kt = O.l'ﬁ Nm/A2 Torgque constant

J =2.10 kg+.m System moment of inertia
R =2 Q Motor resistance

K, = 2 Amp/Volt Current amplifier gain
GN = 32 Digital filter gain

ZR = 245 Digital filter zero

PL = 0 Digital filter pole

KI =0 No integrator

N = 500 Counts/rev Encoder line density

The transfer function of the system elements are:

[Rad/Al

Amp

K, = 2 [Amp/V}
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DAC

Ky = 0.08 (V/count]
Encoder
N 318 ( /ragl
K =—m= 3] count/ra
£ 20
ZQH
2000
H{8) =———
3+2000

Digital Filter

!

GN = 32, ZR 243, PL = 0, T = 0.00%

Therefore,
z-0.,95
L{z) = 8 ———
z
or K =8, A =10.95, B =20

Accordingly, the coefficients of the continucus filter are:

g = 81.95 = 15.6
1-0,95

a = 2000 =—— = 51 rad/s
1+0.95

b = 2600 rad/s

The complete block diagram is shown in Fig. F.2.

The open loop transfer function, A(s), is the product of all the

elements in the loop.

8
7.94 . 10 (s+31)

52 (3+2000) 2

As) =
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To analyze the system stability, determine the crossover E:equency,Iﬂc at
which A (jGE) equals one. This can be done by the Bode plot of A(ju), as
shewn in Fig. 2.3.

For the given example,tbc = 200,

Next we determine the phase of A(s) at the crossover frequency.

8
7.94- 10 (j200+51)
A(j200) =

(3200)2(3200+2000) 2

200 -1 200 00" X -1 200
o = a A (] = £ - - 180 - tan
rg [A(] )i an 51 2000

a

76° -~ 180 - 11° = -11%

Finally, the phase margin, PM, equals

k-4

PM = 180 + %X = §5

As long as PM is positive, the system is stable. However, for a well damped
system, PFM should be between 30% and 45%4.
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Filter Z0H DAC AMP, Motor
500
xfgf\ 15.6 S-+.31 2000 0.08 "2 -25--
s+2000 5+2000 5
C
Encoder
318

Fig. .2 - Mathematical model of the control system.
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Gain

Fig. r.3 -Bode plot of the open loop transfer function.
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Next we can discuss the design of control systems.

F.3. Sysatem Design and Compensation

The closed-lscop control system can be stabilized by a digital filter which
is preprogrammed in the DMC-630 controller. The filter parameters can be
selected by the user for the best compensation of the given system. There
are two methods for system compensation: Analytical which is described
below and Experimental which is described in Chapter 2.

The analytical method requires exact knowledge of the system parameters,
whereas the experimental method can be used when the motor and load
parameters are unknown.

The Analytical Method

The analytical design method is aimed at closing the locp at a crodsover
frequency, <, (with a phase margin PM). The system parameters are aszumed
known. The design procedure is best illustrated by a design example.

Consider a system with the following parameters:

K, = 0.01 Nm/A Torque constant

R =2 Motor resistance

J = 10“4 kg m2 Moment of inertia of motor and load
Ky = 0.5 A/V amplifier gain

N = 1000 lines/rev Fncoder line density

The DAC of the DMC-630 outputs blOV, or an 8 bit command of pl28 counts.

The design objective is to select the filter parameters in order to close a
position loop with a crossover frequency of wc = 300 rad/s and a phase
margin of 45%.

The first step i3 to develop a mathematical model of the syatem, a3
discussed in the previous section.

Motor
P K, 100 &/
Mis T — T — E R Ao
) =7 =5 gt (Rad/Amp]
Amp
K, = 0.5 ' [Amp/V]
DAC
19
K =—— = 0.08 v
q 178 [V/count]
Encoder
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4N

K o= 636 [count/rad]
£ 20
ZCH
290¢
H{g) = ————
3+2000

Compensation Filter

3+a

Gi{s) =
s g s+b

The next step is to combine all the system elements, with the exception of
G{s), into one functicon L{s).

7
5.1 « 10

L{s}) = M{a) K K K H{(s) = ——m—m—
a 4 £ 3 (s+200Q)

Then the open loop transfer function, A(s), is
A{s) = Li(s) G{(s).
Now determine the magnitude and phase of L{s) at the frequency wc=500.

7
5.1 - 10
(3500)  (3500+42000)

L{3500) =

This function has a magnitude of

/L(jSOO)/ =0.1

and a phase

500 == 80 - - 9

G{s8) is selected so that A(s) has a crossover frequency of 500 rad/s and a
phase margin of 45°. fThis requires that

/ A{jSOO)/ = 1

arg [A(35%00)] = -135°

However, since

Af{s) = L(s) G{s)
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then it follows that G{s) must have a magnitude of

A(3500)
G(3§500)] =[——————] = 10
L{3s00

and a phase

arg [G(3500)] = arg [A(3500)] - arg [L(3500)] = -135° + 194" = 59°

In other words, we need to select G(3) which satisfies these requirements.

To obtain a positive phase shift, we need to select a lead compensation of
the form

s+a
G(s} =g

3+b

The choice ¢of a and b depends on the required phase lead aad crossover
frequency.

The following table gives the filter parameters for the required phase lead
and crossover frequency.

Table: Pole and Zero Frequencies
Required phase

Zero fraquency Pole frequency

lead a [rad/s] b [zrad/s]
30’ 0.58 w, 1.73 w,
40° 0.47 w, 2.14 w,
50° 0.36 w 2.75 w,
60° 0.27 w, 3.75 w,

For the system requirements we select

a = 0.27 - 500 135 rad/s

b= 3,75 « 50¢ 1875 rad/s

We also have to choose the gain, g, so that the magnitude of G(j500)

equals 10.

4500 + 135
3500 + 1875

G(jSOO)f = g

Then
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} 1500 + 1875

= 37.5
] 3500 + 135

and the required filter is

3+135
3+1875

G{s) = 37.53

The compensation is implemented by a digital filter with a sampling period T
= 0.0C1 s.

The programmed filter has three parameters; GN, ZR, PL. These are found by
the equations:

2+aT
GN =4g
2+bT
2-aT
ZR = 256
2+aT
2-bT
PL = 256
2+bT

For the given example, we obtain

aT = 0.135

bT = 1.875

g = 37.5
Therefore,

GN = 34

ZR = 224

PL = 8§

these parameters will produce the required design.

The analytical procedure described above leads to the selection of the
parameters of the lead filter, namely GN, ZR, and PL.

The selection of the integrator gain, KI, requires an analysis of potential
non-linear modes. The resulting analysis is very complex and i3 not

recommended. Instead, the experimental method is suggested for setting the
integrator gain.
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APPENDIX G

BEC-Mate

S3A Series

Motor-5-500,
Motor=-50-1000
Motor-500-1000

ICB-360

SDK~600 Software

COM=-Disk

DMC-63010

CAD~to=-DMC

-12 Upgrade
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Related Products

Packaged power amplifier and supply.

two or three axis available. Connects
directly to DMC-600 cable. Screw-type
teminals for moter, enceoder, and I/C.

One,

High performance pulse-width-modulated
power amplifiers. Current mode of
operation., Available in range of zizes
from 20 volts-80 wvolts, up to 40 Amps.
Requires external supply.

DC motor with incremental encoder. 3
sizes, 5 oz-in up to 50C oz-in.

Interconnect board for connecting each
axis on the DMC-630 to other system
elements such as motor, amplifier and
encoder. Breaks out ribben cable into
convenient testcpoints, jumpers and
switches. Not reguired with PC-Mate.

Servo Design Software for DMC-~600 Series.
For design and analysis of servo systems.
Displays position and velocity of motor
on PC.

Communication software for DMC-6Q0.
Includes Talk-600 menu-driven terminal
emulator.,

Special sensor interface which allows
input of up to three 1lé-bit parallel
sensors (LVDT’s, absolute encoders,
resolvers), or up to eight analog
sensors. Mounts behind DMC-60Q0.

Software that converts AUTOCAD or
equivalent DXF files intae DMC controller
files. Includes AUTOSKETCH program,
CAD-to-DMC translator and run-time
executive.

12-bit DAC upgrade



APPENDIX H

Rev (1-88)
Application Note #19
Thumbwheel Interface

for DMC-630

Thumbwheels may be interfaced to the DMC-610, DMC-620, or DMC-630 using the
suggested circuit shown below.

This circuit shows interface to eight thumbwheel switches. The DMC-630
reads one switch at a time. The DMC-630 configures the three output lines
0, 1 and 2 for the appropriate state, 0 through 7, to select each
thumbwheel. All output lines are configured at the same time using the OP
instruction.

The thumbwheel switch data is read using the I0 variable. This wvariable
lcoks at the state of the 4 input lines, I1, I2, I3 and I4.

An example subroutine %o read 8 BCD thumbwheel switches is shown below. The
variable Vi indicates the thumbwheel to be read. V1 varies between 0 and 7.

Program Interpretation

#3 Begin Subroutine

Ve=0;V1=0 Initialize Variables

#A;0P V1 Select Thumbwheel

Ve=10*Ve+IO Read Thumbwheel, convert to base 10

Vi=vV1+1 Select next Thumbwheel

JP #A,V1<7 Jump to ¥A te read next Thumbwheel if V1 is

less than or equal te seven
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APPENDIX I Noise Considerations

Galil controllers are microprocessor-based, where the processor is fetching
instructions from memory in a controlled sequence. Electrical disturbances,
such as from power supply disturbances, noise on input lines, or ground
loops could cause the microprocessor to execute instructions errconeously or
"hang-up”. Such a condition could cause motor runaway which might result in
system damage. It is strongly recommended that the engineer eliminate

potential ncise scources in the design process.

A few guidelines are provided here:

1. ©Noise on General and Switch Inputs
You can add ferrite beads and capacitors to minimize noise disturbances con
inputs. BA better apprecach is to use opto-iseolators near the contreller on

eachn input line. See Figure 1 for an example cilrcuit.

2. Ground Loops

A ground loop can occur when a magnetic field passes through the ground path
inducing a current. This can be avoided by connecting grounds in a tree

structure instead ¢f in a lcop (See Figure 2).

If you are shielding components, all shields must be terminated only at one

end.
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3. Encocder Noise
Erroneous counting due te encoder noise 1s prevented from the controller
filtering circuitry. However, in extremely noisy envircnments, extra

protection can be achieved by using differential encoders.

4., Catastrophic Failure

To protect your hardware from controller failures, it is a good idea to
conrect mechanical limits and emergency stop inputs to the amplifier in
addition to the controller. To further protect the system against amplifier
failures, it is advised to connect the motor to the amplifier by a relay.
Whenever the extreme mechanical limits are activated, the relay will

disconnect the motor from the amplifier and short its leads.
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DMC-230
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Fig. 1 ~ Optoisolating Inputs
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Correct Configuration

Ground

Amplifier

Controller

Amplifier
Power

Supply

Ground

Ground

Logic
Supply

Fig.

Incorrect Ceonfiguration

Amplifier
Amplifier (G8round Power
Supply
Incorrect
Ground
Ground
Controlle Logic
on r

suppl
Ground PPy

2 - Ground Loops
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APPENDIX K - DMC-600 Series Specifications

Board Size:
Full Size PC Bus
13" = 4"

# Of Axis:
1, 2 or 3 per card - multiple card synchronizatiecn

Connector:
60-pin ribbon

Operating Temperature:
3 degrees to 70 degrees

Inputs:
8 uncommitted TTL inputs
Quadrature encoder inputs plus index
Forward and Reverse limits - TTL
Home - TTL
Abort - TTL

cutputs:
8 uncommitited TTIL ocutputs
+/-10 Volt range Analeog Motor Command
Exrror - TTL
pulse-width-modulated moteor command

Modes of Motion:
Independent Positioning of any axis
Coordinated vector positioning of XY axes
Linear and circular interpolation of XY axes
Coordinated Motion Sequences ~ up to 253 segments
Jogging of any axis
Contouring (position vs time trajectory)

Sarvo Loop Update time:
1 msec

Position Range:
+/-8,000,000 counts per move

Position Accuracy:
+/~1 quadrature count

Velocity Range:
2-500,000 quad counts/sec
(2-2,000,000 quad counts/sec with upgrade)
Programmable during motion
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Velocity Accuracy:
Phase-locked, .0053% steady~-state

Programming Specifications:
I/0 mapped
256 character FIFQO buffer
ASCII command format
64 user-definable variables
Arithemtic operations; +,=-,x,/
Triggers for time, motion complete, inputs, limits

Programming Memory:
500 lines x 32 characters

Stahilizing Filter:

Digital filter with gain, damping and integration
Tachemeter not required
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APPENDIX L - DMC-600 Command Summary

Filter Parameters

DB x,v,2 Dead Band {ccunts)

FA x,¥,2 Acceleration Feedforward

GN X,¥,Z Gain

KI x,Y,2 Integral Gain

QF x,¥,2 Qffset {counts)}

PL x,vy.,2 Pole

TL x,¥,% Torque Limit {counts)

™ n Sample Time { sec)

IR xX,¥,2 Zero

DR x,Y,Z* DAC Resolution

Motion

BC X,Y.Z Acceleration (counts/sec )

CR r, , Circle (counts,degrees,degrees)
FE XYZ Find Edge

HM XYZ Eome

IP x,v¥,2 Increment Position (counts)

JG X,¥,2 Jog (counts/sec)

PA X,¥Y.,Z Position Absolute (counts)

PR X,¥,2 Bosition Relative (counts)

SP x,v¥,2 Speed {counts/sec)

VA n Vector Acceleration {counts/sec)
VP X,V Vector Position ({(counts)

VS n Vector Speed (ccunts/sec)

CM X¥Z Ceontour Mode

LN n Learn Mode

TA n* Set up trapezoidal acceleration
RM x,y,2* Specify acceleration ramp - independent
VR n* Specify acceleration ramp - coordinated
TV n* Set up trapezoidal acceleration mode
Stop/Start

AB Abort Motion

BG XYZ$S Begin Motiocn

GR x,y,2* Specify gear ratioc

GA n* Set master axis for gearing

SG XYz Servo Here

ST XYZ Stop Motion

SV X¥YZ Servo

MC XYZ Motor OQff

*For DMC~6X1 Series only
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General

BL x,y,2z* Specify reverse limit
CB n Clear Qutput B3it

Dc Decimal

DD x,y,2z* Define Dual Encoder Position
DI, Downlaocds Datafile

DP x,¥,2Z Define Positicn

EQ n Echo on if n=l

ER x,v,2 Error Limit

FL x,y,z* Specify Forward Limit
BX Hexadecimal

LAx* Arm Latch

OE X,Y.,2 Qf£-On-Error if 1

OF n,m, o Write to Qutput Port
RC x,vy,2 Report when done if 1
RIL XYZx* Report Latched Position
RS Reset

SB n Set Bit

SE n* Specify Encoder Type
Th XYz~* Tell Dual-Encoder Position
UL Upload Datafile

\ Clear Input Buffer
Editor

ED n Edit at label or line
<Control>D Delete Line
<Control>I Ingert Line
<Control>P Edit Prewious Line
<Contreol>Q Quit Editor

<Return> Save Line

L& n List Program

TR n Trace Program if n=1
Interrogate

sC Stop Code

TC Tell Error Code

TE XYZ Tell Error {(counts)

TI XYZ Tell Inputs

TP XY¥Z Tell Position {counts)
TS Tell Switches

TT XYZ Tell Torque {counts)
B Tell Bits

continued. . .
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Programming

AD x,¥y,2 After Distance

AT n After Input

AM XYZ35 After Motion Complete

AP x,¥,Z After Position

AS After Speed Reached

Cs Clear the Motion Sequence
EN End

Jp Jump on Condition

IS Jump to Subroutine

MG xxxx Message

NO xxxx No Operatien

RE Return from Error Routine
RI Return from Input Interrupt
ir Interrupt for Inputs

WT n Wait for n msec

X2 n Execute Program

VN= Variable Definition

#n Label Definition

LTVn= Let Variable be defined
Inxxx,Vn Input Variable

Note: X,y,z represents parameters Lo be replaced by actual
value
XYZ represents chosen axis and should be specified by
X, ¥, or 2 combination. S represents coordinated XY
sequence.
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WARRANTY

A1l products manufactured by 6alil Motion Control are warranted
against defects in materials and workmanship. The warranty period for
controiler boards is 1 year, The warranty period for all other
products is 90 days.

In the event of any defects in materials or workmanship, Galil Motion
Control will, at its sole option, repair or replace the defective
product covered by this warranty without charge. To obtain warranty
service, the defective product must be returned within 30 days of the
expiration of the applicable warranty period to Galil Motior Control,
properly packaged and with transportation and insurance prepaid. We
will reship at our expense only to destinations ir the United States.

Any defect in materials or workmanship determined by Galil Motion
Control to be attributable to customer alteratior, modification,
negligence.or misuse is not covered by this warranty.

EXCEPT AS SET FORTH ABOVE, GALIL MOTION CONTROL WILL MAKE NO
WARRANTIES EITHER EXPRESS OR IMPLIED, WITH RESPECT TO SUCH PRODUCTS,
AND SHALL NOT BE LIABLE OR RESPONSIBLE FOR ANY INCIDENTAL OR
CONSEQUENTAL DAMAGES.

CDPYRIGHT {1-1-87)
The software code contained in this 8alil product is protected by

copyright and must not be reproduced or disassembled in any form
without prior written consent of Galil Motion Control, Inc.
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




