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1. OVERVIEW

GENERAL:

The Smart Motion Control Card (SMCC) is a 2-axis digital motion controller with built-in
programming capability. It controls 2-axis DC or AC motors with appropriate amplifiers.
When a multiple of SMCCs are connected in daisy chain, synchronized motions for up to 16
SMCC cards (32 axes) are possible. Refer to the functional block diagram on the next page.

FEATURES:

* Fast 16-bit pipelined custom microprocessor control.

* Compact size, fits in amplifier chassis or in stand-alone enclosure.

* Host communication via RS-232 serial port, or high speed bi-directional parallel port.

* Precise synchronization of linear or circular interpolation for up to 32 axes,

* Trapezoidal or smooth "S* curve velocity profile. Cubic path generator for precise curve
fitting.

* Fast servo update rate up to 2 kHz.

* Digital error integration loop to reduce following error and amplifier drift.

* Digital PID control with velocity and acceleration feedforward gain.

* Feedback signal incremental encoder or Pulse and Direction input.

* 1/T period encoder measurement for accurate low speed control

* Feedrate and Time mode programming. In time mode, all moves can be executed
synchronously within a specified time.

* Data (Position and Following Error) capturing capability. Can be plotted with “Monitor”
program.

* Provision foranLCDDuplaytomdmteposuhon, velocity, and operating status.

* Structured English-like commands and program instructions.

* Accepts external handwheel and thumbwheel switch control.

* On-board PLC (Programmable Logic Control) capability.

* Can perform electronic commutanon of Brushless or Induction motors with appropriate
amplifiers.
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2. SPECIFICATION

2.1 PHYSICAL SPECIFICATIONS

* Size: Standard Double-Euro size (9.2 x 6.3 x 0.75 in.)

* Weight: 0.3 Ibs without mounting plate; 1.2 Ibs with mounting plate
* Operating Temperature: 32 to 140 F.

* Storage Temperature: 10 to 180 F

* Humidity: 0 to 90%, non-condensing

2.2 POWER REQUIREMENTS

* +5VDC +/-5%, 1.0A with all options and two encoders

* +/-15VDC (or +/-12VDC) for optically-coupled amplifier command output (Usually
provided by the amplifier). Current requirements are SOmA on positive supply and
15SmA on negative supply.

* +/-15VDC, 100 mA is required if optional D/A, A/D, or R/D converter are installed.

2.3 RS-232 PORT

* Baud rate selectable by DIP switch (300 to 38,400 Baud)

* Line Parameters: 8-data, 1-stop, No parity, half duplex.

* Via daisy-chained operation, host computer can address, and control multiple SMCCs.

2.4 PARALLEL PORT

* An alternative host communication port: 8-bit parallel data transfer, with handshake;
Average per character transfer time is up to 120 microseconds; Can be used for binary
DMA communication at 3 to 4 microseconds/character data rates,

* With programming, it can be used to accept thumbwheel switch inputs (upto 16 channels
without external decoding) or used as 8 additional TTL Outputs.

2.5 MEMORY CAPACITY

* 8K byte RAM and 8K byte EEPROM standard; can store 1790 steps of program,
* 32K byte batterry-backed RAM optional, can store 5,630 steps of program.

2.6 SERVO PERFORMANCE

* 480 uSec. peraxls servo update time.
* Execution rate is 100 blocks/Sec or 10 mSec/block when controlling one axis and 60
blocks/Sec when controlling two axes.

2.7 VELOCITY CONTROL

- 2.1 -
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* 0.005 to 1,000.000 counts/Sec. Employs crystal-controlled digital Phase Locked Loop,
with RPM range dependent on encoder resolution.
* 1/T encoder measurement provides enhanced smoothness at low speeds.

* Velocity Accuracy:
- Long Term: 0.002% absolute
- Short Term: System-dependent, typically 0.5 to 1%
- Multi-Axis: 0.001%, adjustable to zero Following error between axes

* Repeatability: 0.001%
2.8 POSITION CONTROL

* Position Range: - +/-67 million encoder counts
* Position Accuracy: +/-One encoder count

2.9 ENCODER INTERFACE

* Independent X and Y channels for position control

* A/B quadrature with "C* (Home) channel

* Single-ended or differential interface selectable

* X1, X2 and X4 mtﬂnphmforAquuadramremodeandselecmblepulseduecuonmode

* Maximum input rate: 500,000 counts/sec with X1 multiplier or in the pulse/direction mode;
1,000,000 counts/sec with X2 multiplier; 800,000 counts/sec with X4 multiplier. All
rates are after multiplication.

2.10 HANDWHEEL ENCODER

* Independent X and Y channels _

* Quadrature encoder inputs or pulse and direction inputs (external synchronization)

* Maximum input rate: 500,000 counts/sec with X1 multiplier or the pulse/direction mode;
1,000,000 counts/sec with X2 multiplier; 1,600,000 counts/sec with X4 multiplier. All
rates are after multiplication.

2.11 INPUTS/QUTPUTS TO A

* Optically isolated error outputs (command signal to the amplifier), amplifier disable and

amplifier fault input signals.
* Al signals are referenced to the amplifier common toach:evetotalnsolauonbetwem the
SMCC's digital circuits and the power section.

2.12 ANALOG QOUTPUTS
* When designated as two-axis control, it provides with standard +/-10V DC (torque or
velocity) error outputs and 9 bits resolution,

* Software-selectable sinusoidal, trapezoidal, or six-step phase commutation waveforms for
brushless DC and AC induction motors.

2.13 ANALOG INPUTS
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* 4 analog inputs:
- 2 are used to monitor motor current and provide programmable i2t protection
- 1 used as 0 to 100% Feed rate control with simple potentiometer input

- 1 used as bipolar velocity control with range multiplication using jog inputs.

2.14 DIGITAL OUTPUTS

+/-limits for X and Y axis
Amplifier disable output

b
*
*
L
»

*

Amplifier fault input

X and Y Home Flag inputs for enabling encoder "C" channel

Two User Flag inputs for precision, interrupt-driven, detection of external events. Position
capture with less than 8 microseconds error.

Seven Input Channels: TTL compatible, 0 to +5V. When employed with amplifiers
equipped with error code generation, 3 of the 7 inputs may be used to display amplifier
error codes. All inputs may be read under program or PLC control.

Five general purpose Output Channels: Open collector, 30V, one at 60mA (MAOI), four at

200mA (MAO2-MAOS). All outputs are programmable "on the fly" by program or

PLC control .

* The SMCC supports following dedicated Manual direct inputs. ( Control Panel with

momentary toggle switches.)
Name Equiv. Function

command
XJPL/ J X-axis, Jog positive.
XJIMI/ 3 X-axis, Jog negative.
YJPL/ JY Y-axis, Jog positive.
YJIMI/ jyY Y-axis, Jog negative.
PREJ/ = Return to pre-jog or pre-handwheel position.
STRT/ R Starts continous program execution.
STEP/ ] Executes one bolck of data at a time.
STOP/ q Stops running immediately, resets progranm.
HOME/ h Starts X and Y axes on a Homeing cycle.
HOLD/ H Stops motion immediately.

Control Panel Outputs:

Name

IPLD/
BFLD/
ERLD/
EPLD/
ITLD/
FILD/
F2LD/

Function

In-Position indicator.
Buffer Full indicator.
Amplifier Fault indicator.
End pf progra indicator.

‘Current limit indicator.

Following error 1.
Following error 2.
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3. GETTING STARTED

3.1 SETTING UP THE HARDWARE

3.1.1 MOTOR/AMPLIFIER CONNECTIONS

All wiring should properly be made according to the chassis manual. As a minimum,
connection to encoders, amplifiers and motors, and RS-232 communication link to host
computer should be done.

Wiring of limit switches must be done. If limit switches are not used, disable limit protection
by grounding 4 limit switch lines XPLL, XMIL, YPLL, YMIL. Consult chassis manual for

the exact location of these pins.

Make sure that all screw terminals and connections are securely tightened. Proper grounding
guards against electrical shock to personnel and can reduce the effects of noise interference.

3.1.2. Setting up for Host Communication

On-board 8-digit DIP switch is set such that all 8 switches are OFF (pressed to the side
marked as *OPEN") which means the following default settings;

(@  Card Address is set to A0 (Switch No. 1,2,3 and 4 OFF).

(b) 9600 Baud Serial Communication (Switch No. 6,7,8 OFF).

(c)  Save Enabled (Switch No.5 OFF). Modified parameters and program can be altered
permanently by "s" command.

In addition, the following jumpers must be instailed correctly.

(d)  If Card address is set ag AQ, it must always act as a "master" supplying SYNC clock
to other cards (Default). :
(Jumper on E2 installed, Jumper on E3 removed). :

(¢)  Since a direct link between Host computer and SMCC is used normally, SMCC is
configured as a "Null-Modem" so that a standard 9 line Modem Cable fits without
modifications. (Jumpers on 1-2 and 3-4 on both E7 and ES),

If a single SMCC is to be used without daisy-chaining, all default configuration should work
properly. Connect RS-232 cable between SMCC and the host computer, and run a
communication program (such as Crosstalk, Procom, etc). You may obtain "Monitor"
communication program from Baldor free of charge. It operates on PC or compatible

‘computer, and has many convenient features for host communication. Host computer line

parameters must be set as 8-bit data, 1 stop bit, no parity, half duplex with Baud rate the same
as set by the SMCC DIP switch.

Default Baud rate is 9600, Other rates can be configured through the DIP Switch No. 6, 7and

-3-1-




8. as in the following table.

SW7 SW8 Communication Mode
Serial 9600 Baud
Serial 4800 Baud
Serial 2400 Baud
Serial 1200 Baud
Parallel Communication
Serial 300 Baud
Serial 38400 Baud
Serial 19200 Baud

mOoHORORKOZ
. o\

HFHOOKKOO

HMEEH~,O000O0

If parallel communication is to be used, you may first setup with RS-232 serial communication
and then switch to parallel communication once setup is completed. When a single SMCC is
used, you may jump to the next section. If multiple SMCC’s are connected as a daisy-chain,
follow the procedure below. You may designate each SMCC card address sequentially, and set
DIP switches according to the following table.

SW1 SW2 SW3 SW4 Card Address
0 0 0 0 AOD
1 0 0 0 Al
0 1l 0 0 A2
1l 1 0 0 A3
0 0 1 0 Ad
1l 0 1 0 A5
0 1 1l 0 A6
1l 1l 1l 0 A7
0 0 0 1l A8
1l 0 0 1 A9
0 1 0 1 Aa
1 1l 0 1l Ab
0 0 1 1 Ac
1l 0 1l 1 Ad
0 1 1 1l Ae
1l 1l 1l 1 Af

For synchronized motion, one (ahd only one) SMCC card, addressed as A0, provides the
SYNC clock signal to the rest of SMCC’s. Install jumpers E2 and E3 as follows.

A0 card: Jumper E2 installed, Jumper E3 removed.
All other cards: Jumper E2 removed, Jumper E3 installed.

For daisy-chain connection, use factory supplied cable or follow instructions on chassis
manual,

At this stage, it is assumed that all wiring and communication setup is completed as instructed
in the previous section.
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STEP 1. Turn on SMCC power supply ON while amplifier bus power is remained OFF.
Observe the on-board 7-segment LED display. It may display one of the following patterns.

)
@

&)

@

".0" (left dot), SMCC is "in-position" and no errors are found. Go to STEP 2.

*0." (right dot), following error. proceed ahead to set up correct parameters. Go to
STEP 2.

".0." (two dots), SMCC is not operating normally. Verify that all I.C.’s are securely
positioned. Check for mechanical damages from shipping and handling. If damage is
found, consult factory or distributor. Otherwise, check +5V supply is in between 4.75
and 5.25 volts.

LED OFF ; No power on SMCC. Tum off the power, check power supply connections
and blown fuse and try STEP 1 again.

STEP 2. Run communication program from the host computer, and type "U" and Carriage
Return (CR). Since you are in half duplex mode, "U*" character should be printed on the
screen. Cursor on the host computer screen should respond with Line Feed and "?*. This is a
desired response telling that SMCC is communicating properly. Go to next section. Otherwise,
check the following.

M

@

&)

@

Set up as "full duplex®. If "U" character is not shown on the screen, change to half-
Duplex mode on your communication program.

Line parameter mismatch. Check if 8-data, 1-stop, no parity is set. Check Baud rate is
the same as the rate set by the SMCC DIP switch,

The serial port of your host computer may be configured as a "null modem", i.e,
signals TXD, RXD and RTS, CTS are swapped. In this case, SMCC jumpers E7 & E8
can be changed to adapt to the null modem port. See Appendix E for the description of
jumpers,

Host computer port is not setting the *RTS" hand shake line high. SMCC supports
hardware handshake lines RTS and CTS. Required interconnect wires between SMCC
and host computer when daisy-chaining operation is not used are as a minimum:

Name DB-25 Connector Pin #

TXD 2 Transmit Data
RXD 3 Receive Data
RTS 4 Request to Send
CTS 5 Clear to Send
GND 7 Ground

Note that DSR and DTR signals are not supported by the SMCC but are tied together at
the SMCC.
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(5)  If communication is erroneous, check the source of noise. Noise may come if cable is
too long, or too close from the power line wire etc. Proper shielding, or reduction of
Baud rate may help.

3.2 COMMUNICATION AND COMMAND FORMAT

3.2.1 Command/Instruction Format

The SMCC uses printable ASCII characters to communicate with host computer. Commands

are mostly abbreviated English words to make them easy to learn and remember, but special

characters (like Control H, Control X etc.) are also used.

When a command is transmitted to SMCC through RS-232 link, The SMCC stores that

command but does not process it until a CR character is received. When a line of command is -

processed, SMCC sends a LF character to acknowledge the reception but does not echo back
the received character, This is commonly called "Hailf Duplex" communication mode.

The SMCC adopts following conventions:

1. <CR> (Hex OD, Carriage Return) character is interpreted as an "End of Line"
indicator. The SMCC prompts with a <LF> (Hex OA, Line Feed) character when a
line of command i3 processed (or stored in buffer). This prompt <LF> can be disabled
by 103 Initialization command. (see Appendix A, i03)

2.  The SPACE character (Hex 2C.) is interpreted as a separation character. It is simply
neglected by the SMCC. The operator may use this character for text legibility.

[Example 3.1]

F 1024 (CR)"- ;valid command to set maximum Feed rate.
F1024 (CR) ;valid.
F 1024 ;Blank OK.

3. Backspace (Hex 08, or Control-H) can be used to cancel the previous character, while
Control-X (Hex 18) can be used to cancel all characters in the current line.

4, Maximum number of characters in a single line of commands depends on the number of
cards being chained. Each card can hold 24 characters in a command line, ( without
counting <CR> character, or address commands) Once address command is detected,
commands are stored in a new switched card.

5.  Each card can only receive one command line at a time. There are exceptions (e.g. Card
Selection Command, Label Command ).

6. When Engineering unit is used as 2 command parameter, leading zero must be added
before the fractional numbers, i.e, 0.4536, or 0.78.

Hereafter the "command” is referred to as a series of characters issued to SMCC 50 that
SMCC can respond accordingly. They are categorized as "Direct Commands” and "Buffer

- 3.4 -
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Instructions”. Direct Commands are processed immediately, while Buffer Instructions are
stored in the SMCC buffer and will be processed later when a R or § command is accepted.

3.2.2 Card Address Select Commands

TheAddressSélectCommwhasan'A'charécherwgethamthaHexnumber (0,1,2,.
. ). For example, "A8" selects Card #8, and"Ab" selects Card #11. "AA" oommnd
selectsallcardsslmultaneously

Upon Reset, the processor selects "AA" (All Card Selected) as a default. Upon transmission of
a Card selection command, corresponding card becomes active while other cards become
inactive. Card select command has highest priority, and be processed immediately (Without
waiting for <CR> character). Also, it can be placed anywhere in the command line, One
card must be selected before user can make SMCC status query (*p", *"v", "inn").

An initialization command “inn" mthoutanypammtervalue:smupmtedaspanmetavalue
query, wherenncouldbeanynumberbehveenoo 81. The command "ix" will be responded

with all parameters.

[Example 3.2]

AO ;Card A0 Enabled.
io0 ;jQuery to check Following error Fault Limit
;SMCC will respond with currently stored values.
100 2000 ;New parameter value is sent to replace old value,
i002000 ;Same as above.
I00 2000 ;Buffer command - will be processed at the time
;of program execution.

3.3 Set up Initialization parameters

There are 82 i-parameters used to configure the SMCC operation conditions, such as Servo
Gains, Following Error bands, Maximum reference speed.. etc. i-parameters are loaded and
tested at the factory, foﬂowﬂwmmwummvmfyfactmymgandchangelfnw
Appmdleglvesdenﬂdmnpnonforeachl-pmmeter

There are three ways to change these i-parameters:

1. By Direct Commands "inn".
2. By program using "Inn" instruction.
3. By using "Monitor" program, a dedicated IBM PC program.

In this section, We use direct command inn to set up the Initialization parameters. As a
convention, a pair of brackets [ ] means equivalent command for Y axis, so i20[i40] means
identical rule can be applied to not only the i20 ( X axis) but also the i40 ( Y axis).

At this point, We assume that all the interconnections to the amplifier, motor, encoder. .etc.

are properly set. As a recommendation you may first apply power only to the SMCC and host
computer, do not apply power to the amplifiers and do not connect motor to the load.

- 3,5 -




Connects power to the amplifier/motor assembly only when a series of i-parameter has been
properly set.

3.3.1 Motor Type Selection

** Set i13 to 0 for DC Motor (brushed) or its equivalent, Certain amplifiers (such as
Baldor’s BTS-15 Brushless Amplifier) have built-in commutation function and the
amplifier and motor acts as a simulated DC motor. In this case, configure it just as the
DC motor. For others drive combination, refer to Appendix.A, il3,

**  Setil5to 0 (Two axis) or 1 (X axis only).
Note that even in a one-axis application, the Limit switches for Y axis must be grounded,
otherwise SMCC will not make any moves.

3.3.2 Encoder Setup

»*  Set {39[i59], Set Position Encoder Mode Control Bits. First, proper choice must be made
 in selecting encoder type and encoder multiplication factor.

i39 Descriptions

0 Pulse and Direction CW (counts up when B is high)
1  x1 Quadrature Decoding (counts up when B leads A)
2 ¥2 Quadrature Decoding (counts up when B leads A)
3 x4 Quadrature Decoding (counts up when B leads A)
4 Pulse and Direction CCW (counts up when B is low)
5  x1 Quadrature Decoding (counts up when A leads B)
6 ¥2 Quadrature Decoding (counts up when A leads B)
7 ¥4 Quadrature Decoding (counts up when A leads B)

If we set i39[i59] to 3 (default), it means we are using Quadrature Decoding and x4 Encoder
multiplication factor, Setting i39(i59] to 7 has the same effect except reversed direction. If
motor and encoder lines were connected ag instructed by the chassis manual, values 0 - 3
should work properly. I39 value of 4 to 7 may be used to reverse the direction of encoder

reading (same effect as reversing A and B channel).

SMCC uses count value as the principal means of representing distance or velocity. If mm
lines per revolution encoder is attached, and n multiplication factor is selected, Count per
revolution "cm" is defined as

cm = xn (count per revolution)

For example, if mm = 500 lines/rev. and n = 4 (39 = 3), then cm = 2000. This means
whenever motor turns one complete revolution, the distance is recognized as 2000 counts in
SMCC. For most of the application, x4 multiplication is recommended. i39(i59] and “cm" is
also used in setting i06 (Reference Velocity Set).

3.3.3 System Reference Speed Setup
**  Seti06 nn (1000 - 200000), the Reference (Maximum) Speed. This specifies reference

- 3.6 -
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velocity in encoder counts per second. One motor revolution corresponds to the counter
value of "cm". For example, if 500-Lines Encoder is configured with x4 multiplication,
and wish to set maximum motor speed at 1200 RPM (20 rps), then set i06 to 500 x 4 x
20 = 40,000 [count]

**  Set i31[iS1] (Range 0 - 255), Jog feedrate (speed), in terms of count per sec. Jog
speed is calculated by

Jog Speed = (i31[i51] x 06 ) / 256

For instance, i31=128 sets X axis jog speed to the half of the reference speed, while
i51=64 sets Y axis jog speed to the 1/4 of the reference speed.

**  Seti08 (100 - 50000) for Acceleration/Deceleration time roughly in mSec (actually
171024 sec.). For example, i08 2000 sets acceleration and/or deceleration time to be
about 2 Sec. whenever speed change occurs. .

 The acceleration and deceleration time must be set 10 a value the amplifier and motor system

can handle. Too small a value causes the amplifier unable to react in the specified time
(amplifier over-current limit may occur) or results in too much overshoots in motion which
cannot be corrected by any SMCC servo parameters.

3.3.4 System Limit Setup

**  Seti00 2000 (default) for Following error fault limit, This limit must be high enough
to eliminate following error fault in a frequent speed change application.

i00 allows both positive and negative limit, if you select positive value, an Over-limit
condition will cause the SMCC hang up and only reset the whole system can bring it to
normal; if you select negative value, an over-limit condition will stop the motions but SMCC
communication remains active, a soft reset command *$", or hard reset command *$$* may be
used to clear the fault and re-enable the SMCC to normal condition.

**  Setil0 1000 (default) for the following error limit in count. When following error
exceeds the set value, SMCC turns on the following error indicator. :

**  Seti0l 100 (default) as an upper limit of following error which is regarded as "in-
position®. Whea the following error is within the range, SMCC turns on in-position
indicator. :

Once in-position been detected, SMCC is ready for the next move regardless of subsequent In-
position status.

**  Setill 0 (Rapid Hold Mode) or 1 (Controlled Hold Mode).
Rapid Hold Mode: When ill is set to 0. Upon HOLD (either *H* command, or

hardware logic input HOLD/) command, Motion is stopped as rapid as possible, and
return to the position where HOLD command occurred.

-307-




L

Controlled Hold Mode: When i1l is set to 1. Upon HOLD command, motion starts to
decelerate until stop. Deceleration rate is controlled by i08 (Accel/Decel Time).

Set 32[152] 128 (default) as a Normal PWM Limit value.

This restricts PHA1 and PHA3 output (analog output current command) voltage to the
half of the maximum amplitude. Adjustment may be necessary for proper overload
protection.

Set i33[i53] 64 (default) as a Protective PWM Limit value. .
When overload is detected, this limit is effective instead of i32[i52] until overload
condition is removed. See Appendix A, i33[i53].

Set i35[i55] (-1 to 67,000,000) as a'positive limit counter value. Set it to -1 to disable
this function.

Set i36[i56) to the value in Range (-1 t06‘1000m0)asanegauvehmxtoounnervalue
Set -1 to disable this function,

Set i37[i57] to the value in Range (+/- 67,000,000) as a Position Range. Set it to 0 to
disable this function.

For most of the operation, You do not need to alter following i-parameters. Venfyandmake
- correction only if there is a discrepancy.

Set i02 0 for Normal Data Processing Mode.

When this parameter is set to 0, Buffer Instructions are stored in a buffer for later
RUN. It can be set to 1 when you want immediate execution of buffer instructions.
This parameter automatically resets to zero upon the reception of "S" (STEP) or "R"
(RUN) command.

Set i03 1 to enable Handshake in Communication.

When Handshake is enabled, Processor sends <LF> character after receiving <CR>
character and the command is processed (or stored). By setting this parameter to 0,
Handshake can be disabled.

Set i05 to 487 to set the default servo interrupt period.

Set i07 to 65498 to set default time scale. Do not attempt to change i05 and i07. See

Appendix A for detailed description of i-parameters.
Set i14 0 when on-chip A/D converter is not used (to block A/D coaverter input).

Set i28[i48] Handwheel Mode control to 3 to disable Handwheel input functions,

Now, the system is ready for a basic move. Follow the example below.

o R e
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[Example 3.3]

A0
020

0-20

NOTE 1.
(1) Shaft is holding but stiffness is very low. - Needs tuning. Increase i20 value.

(2) Shaft oscillates back and forth - Too much gain, or needs damping. Increase i21. if it
doesn’t help, decrease i20.

(3) Runaway in one direction - Possibly encoder connection is backward, or amplifier has
offset. Check encoder connections and amplifier adjustments.

NOTE 2.
(4) If motor rotates backward, both encoder and motor connections are reversed. Correct

iMake sure that amplifier bus power is still off.
;to enable save, SMCC must be in position.

;Save updated parameters

;Reset the systenm

;Card select

;Obtain current position POS1

;jNow, turn the shaft one revolution in cw
;direction

;Obtain new position POS2. Let DIST = POS2 - POS1.
;If DIST is positive, CW is positive direction.
;Otherwise, CCW is positive direction.

;DIST should be close to the "cm" value calculated
jabove. If not, check encoder resolution again.

jturn off the power.

;This time, turn on power with amplifier bus
spower on. '

jWait until system resets

;At this stage, SMCC should hold the shaft.
7See NOTE 1 below.

iSelect one card (or any other card number) .
;Try open-loop output command. Motor should turn
iin a forward direction as defined above.
;Kill servo, motor will coast to stop.

;S5ee NOTE 2 below.

;This time, motor should reverse rotation.
;Quit Open-loop mode

iSee if motor jogs, and check jog speed as
icalculated by i31[i51] and i06.

;Check following error.

jtry jog in the other direction

;See NOTE 3. ‘

+kill servo. No output to amplifier.

;This command can be issued whenever unpredicted
;situation occurs.
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wiring.
(5)Ifmowrdoesnottumandmestoholdposmon,check4hnutswuchoonnecum All four
limit switch lines must be grounded to rotate properly.

NOTE 3.

(5) Delayed Reversing - Probably too much following error. Needs correct tuning.

(6) Following Error Fault occurred - Needs correct tuning. Also check to see if i00 parameter
is too small.

Five parameters are supplied to tune the system as follows.

**  Set i20[i40] Proportional Gain to 10 ( and to be adjusted to a proper value upon
observation of the motion ). SMCC use proportional gain to calculate and output an
error correction signal in the direction proportional to a observed Following Error. As
i20{40] increases, the system tends to be stiffer. If the value is too big, the system may

*«  Set i21[i41], differential gain constant. Set to 20 initially (and to be adjusted to
different value). i21[i41] provides the velocity feedback needed to stabilize the servo
loop.

**  Set i22[i42]}, the velocity feedforward gain, to 0 initially. Velocity feedforward can be
used to reduce the following error during constant speed motion (refer to Appendix A.)

**  Set i23[43], the integral gain.
Set to 10 initially (and to be adjusted to different value). High integral gain helps
reducing the following error, but at the same time, it introduces oscillation to the
system, you may keep this gain low for stability reason.

~ ®»  Set i30 (Acceleration Feedforward gain) to zero (refer to Appendix A).

b Set109to1toumblepomhonmtegmhononlymstnp,orset109to0wenableposmon
integration all the time

For normal operation it is best to use the integrator at rest only, where it monitors position and
ensures zero following error by generating a bias in the SMCC’s output signal (to counteract
. the effects of temperature, friction, off-balance loads, etc). In velocity control applications, the
integrator may be enabled at all times and will strive to automatically maintain zero following
error, regardless of changing load and inertia conditions. The disadvantage of having the
integrator turned on at all times is that if the system will be operated in frequent start and
stopping conditions or fast acceleration and deceleration conditions, then the integrator may
generate excessive following error during the accel/decel. Since it will not be able to keep up
with the rapidly changing velocity, it may cause undesirable overshoot.

The acceleration feedforward gain allows user to reduce the following error generated during
acceleration and deceleration. However, all others servo gain should be adjusted satisfactorily
first and then i31[i50] should be increased gradually until an acceptable following error is
achieved.
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The "Monitor* Program provides help on tuning servo systems. It utilizes Parabolic SMCC’s
Data Capturing capability ( Chapter 8) to plot both the desired and actual position data, as well
as velocity and following error.

Now you are ready to test the response of the system. Try following example commands and
re-adjust parameters.

(Exanple 3.4]

Q ;Quit from previous kill command .
icheck the stiffness of the system. See if it
;oscillates.

J ;Run smoother than before?

;Any excessive following error noticed?

3 ;Jog backward,

;At this point, Re-adjust various tuning parameters
ito obtain acceptable performance.

When motor is connected to the load, the dynamic performance may change significantly.

Some refinement on following error limits, acceleration/deceleration time and Servo constants

are required.  Since application and performance criteria may be quite different, you are free

to apply your own techniques. In general, the tuning steps described in this section provides
- ' ll 3

The SMCC has special parameters to compensate the system imperfection:

¥*  Set i34 [i54] Backlash compensation. This parameter allows the SMCC to compensate
automatically for backlash between the motor and the load. '

* Seti80. TheBacklashTakeUpparameﬁrspecify the number of encoder counts per
background cycles during the jog and handwhee! moves, for detail refer to Appendix
A, i80 and i34[i54]. '

**  i60[i61] Deadband specifies a +/-position range from desired position where SMCC
does not close the servo loop, this is useful in system that have a lot of backlash
between the load and the motor.

" Following steps are optional, set these parameters if necessary. Further description on i-

parameter, please refer to Appendix A,
3.3.7

**  Set 116
0 for standard handwheel operating mode
1 for High speed slave mode
2 for pulse synchronization mode time base use Y
. handwheel
3 same as mode 2, but use X handwheel
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**  Seti27 nn (4096).
This parameter determines the ratio of handwheel count vs. motor encoder count, a
value of 4096 sets 1:1 relation. ( See appendix A, i27 )

3.3.8 Use of Analog Command Input

SMCC has provisions to connect +/-10V analog signal inputs to control the speed. It has 4
different modes of operation, set by i14.

** Set 114 (On-chip A/D converter mode)

114 Description

if analog command input is not used.

to control feedrate override.

to control jog speed.

for velocity command servo (no position control).

3.3.9 Position/Velocity Display Setup
¢ Set 18 to select Display type according to the following table.

i1s Display Type

Single Line 8 Character LED (For each Axis)

Dual Line 24 Characters/Line LCD (For Each Axis)
Single Line 40 Character ICD (For Each Axis)
Dual Line 40 Characters/Line LCD (For Dual Axis)

WNMHOR

W N O e

**  Set i38[i58] 1:1.0 (default) for position Display Scaling
i38 [i58] opens the possibility to use user’s choice of unit in position representation.
General format is dd:mm.n, where n is the number of displayed decimal digits and

Displayed Number = Count x

[Example 3.5]

Let cm = 2000 ( 500 line encoder, with x4 counting)

5 pitch lead screw is attached to the motor shaft,

If i38 is set to 10000:100.2, then 1 inch move corresponds to 10,000 counts, and will
be displayed 1.00 (inches).

dd X 10 #* n

When i38[i58] takes non-defanlt value, subsequent input data must be entered with the scaled
format.

[Example 3.6]
X30000 ;Move 30000 counts when 138 = 1:1.0 default

sunit.
;or 3 inch in the above example
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X3.0 ;Same Instruction when 138 = 10000:100.2

Set i17 to specify position/velocity update rate

i17 sets the sample period at which encoder counts are measured, default is 30000
microseconds. Velocity can be derived by "Delta Position" during the sample period
specified by i17.

il7 = (/60,000,000 ) / cm.

Assume cm = 2000, then i17 = 30000 ( default value ), velocity will be displayed in
RPM.

3.3.10 Home Setup

ik

*h

Set i04 26 (Range 0 - 255) to desired speed of Home aperation,
Home Feed rate = (104/256) i06

104 26 ;jHoming speed of 10% of Max Speed
io4 255 ;Maximum Homing speed.
io4 0 ;HOME will not take place.

Set 124[i44] 0 for Negative Home direction.
1 for Positive Home direction.

Set i25{i45] nn (0 - +/-32767) for Home offset
Set i26{i46] to set Home Interrupt control bits according to the following table.

i26ri46) Triggering Condition
(C/ AND HF/) falling edge
(C AND HF/) falling edge
HF rising edge

UF rising edge

(C/ AND HF) falling edge
(C AND HF falling edge
HF falling edge

UF falling edge

S WOKHO

[Example 3.11]}

i24 1 iWhen HOME command is received, SMCC starts
jto turn positive direction until Home Flag
;bit

i26 1 ;to High (by Limit Switch), and Encoder C
schannel

i25100 ;is detected (Rising Edge). At this point,
;SMCC moves 100 counts backward which is Home
;Position.
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Refer to Appendix E and F for correct pinouts for Home Flag
and.- User Flag

3.3.11, PLC Enable/Disable
** Seti62 to 1 (Enable PLC Programming) or 0 (Disable PLC programming)
3.4 Simple Operations

Try following commands, the assumption is made here that the SMCC is up and running with
both X and Y axis.

[Example 3.12]

A0 ;You must address the SMCC at least once after
' ;ipover-on or reset before you can ask it to send
sany information and data back.
;if there are more than one SMCC in your system,
;jeach card must be individually addressed beéfore
;information can be sent to or returned from the
;particular sMCC

P ;This is a position request from SMCC. It will
;respond with the one positional value for one axis
;jor two positional values for two axes

4 ;This is a Following error request
sand will also send one or two values back.

;Please note that if position shows a few counts,
;such as "4" on an axis, the corresponding Following
jerror will be a "-4%,

J ;Observe that X axis begins to move in positive
;direction.

;Use "p" or "f" to monitor the motion progress.
;This demonstrates that You may request from and
;send data to SMCC while it is moving.

3 ;Jog in the negative direction

106 ;SMCC will send the current value of i06, the Max.
ireference speed.

106 20000
720000 is the new reference speed, You may enter any
jother value, Enter bigger mumber will increase speed.
;smaller value will decrease the speed.

j ;Issue another "j" command to stop the jog motion,
;Repeat previous jog command will stop Jog motion
;0f course, "q" command also stop the motion

JJY ;To jog both X and Y together, Notice that both X and
:Y axes will move and that "X" does not have to be
;typed in but "Y" must be used.

3 iNote that X axis reverses direction.
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jy
jI¥

io21
io20

;Note that Y axis reverse direction.

;Note that X and Y both stop.

iYou could also use "Q" or "g" to stop motion at any
;time in any direction.

;To return to 2ero position (where SMCC was before
;the jog was started):

;This is the "Return to Prejog" Command and the SMCC
;will begin moving until it reaches "0" position
;where it started.

;While the SMCC is returning to Prejog position,
;check the velocity of the motor.

;This places the SMCC in MDI mode

;This makes SMCC exit the MDI mode.
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4. DIRECT COMMANDS

Direct Commands are processed upon the reception of a Carriage Return ( <CR> served as a
command line terminator). Some commands (*R”, "s", *Z* etc.) be processed only when the -
motion is stopped, and in-position. '

. For easy reference, Direct commands are divided into several groups according to their

functions. As a convention, Parentheses()damtesanopﬁonalmﬂy;Brackets[]indiwea_n
equivalent command for Y axis.

4.1 MOTION COMMANDS

Motion command can conduct a motion directly. Commands such as "R*, "S", *$$", *$",
"=", "q", "h", *J*, and "j" can also be issued from the hardware switches,

R -- Run(Start): Start Executing Motion Buffer Instructions continuously, without stopping
between steps. To activate R command, the system must be in-position. So if the
system is in "k"(killed) status, First, issue a "q" (abort), and then "R" (Run).

S - Step: Execute Current Buffer Instruction, stop and advance buffer pointer one block
(step) so that another Step command executes next instruction. Step command can also
be used to stop continuous block execution (R command), A step (block) contains one
or more instructions, those Instructions that conducts actual motion ("X" or *U" elc.)
or equivalent Instructions ("DWELL", "WX" ) etc.) are considered as a step.
Instructions like F1024, or 120100 is not considered as a STEP. '

H -- Feed Hold (Stop): Stop running program immediately and hold current position. To
resume motion, and complete current block, use *R"* (Run), or *S" (Step) command,
There are two modes of Hold operation - Rapid Hold mode, and Controlled Hold
mode. See ill for details.

JI(X)IY] -- Jog Positive: Jog forward at a rate specified by i06 and 31 [i51]. To stop
jogging, use another "J* command or issue "Q" or "q" command. For simultaneous X
and Y axes operation, commands such as "JJY", "jJY", or "jjY" can be issued.
Consecutive J commands leads to a toggle Jogging condition. -

JX)[iY] -- Jog Negative: Jog backward at a rate specified by i06 and i31 [i51]. To stop
jogging, use another *j* or issue "Q" or "q" command,

q — Abort Current Move: Aborts the current move. Motion resumes from next block if a "R"
or "S* command is received. Also, if *=" command is received, The SMCC will
complete the current move,

= -- Return to Pre-Jog Position: Return to the position from v)hich jog or handwheel
movement was started. This command is allowed only when the motion is stopped.

-401-




h(X/Y) - Home : Return to HOME position.
Homing direction, speed and home offset are defined by i04, i24 - i26. Note that *h"
command causes both X and Y axis go to home position, while "hX" and "hY"
command causes only the corresponding axis go to home position.

Q - Quit : Quit a running program at the end of the current block. Also used to terminating
~ Jogging or "O" (Open Loop Output) Command.

k - Kill Servo: This command sets error output to zero, and opens the servo loop. It is used
to disable the amplifier and allow free motion of the motor for learning position or
other uses. To restore normal servo operation, use the "Q" or "q" command.

O(X)nn [OYnn] — Absolute Open-loop Output: "O" command forces the SMCC sending a
torque command with user specified value to its velocity error output. The nn has a
range of 0 to +/- 255, where 0 produces zero volts out and 255 produces 10.0 volts
out (as a Current Amplifier Command Input). The "O" command automatically
disables the servo loop and is very useful for test and calibration of the amplifier
velocity loop.

[Example 4.1)

0X25 ;Will produce 10% of rated current to make X axis
;motor run. Note that this is an open-loop mode
" jso the velocity will not be controlled.
00Y25 ;same as above, but will affect X and Y axes.

%(nn(,mm)) — Feed Rate % Override: Range of nn is 0 to 65535, and default is the value of
i07, or 65498. The optional entry mm is a slope increment number added to current
feed rate at each servo cycle until the new value is reached. Its range is (0 - 65535),
unit in 1/1024 seconds. Feed rate change (accel/decel) can be controlled from 1
millisecond to approximately 65 seconds. % command is used to change the velocity of

the motor temporarily by changing the reference velocity as
New Reference Speed = ===== x Reference Speed

If mm, or nn is not specified, the last specified values, or default (&fMt nn=i07,
mm=064) is used. The equivalent buffer commands for % are the "POTan" and
"SLEWmm" commands which can be written separately.

4.2. PROGRAM CONTROL COMMANDS

$ — Soft Reset: Initiates phase finding operation and preserves all internal data. Usable to
correct Phasing change and Motor type etc. only.
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$$ — Reset: It essentially causes a complete reset to occur. But this cannot change Baud rate
and Card address. To make a hardware reset, press INIT button at Front Panel.

Z -~ Zero Set: This command sets current position to be zero position. It is allowed only
when the motion is stopped. The equivalent buffer instructions are X = npnand Y = na
where position can be set to any number from 0 to 64 million.

b(nn) - Goto Beginning: Go to the beginning of a subroutine nn or main program if nn not
specified ("b" only). Range of nn is 00 to 63.

PC=v - This command allows the user to control the value of the program counter, thus
making it possible to execute any program line by first setting the PC value to the
desired line number in the buffer. Range of v is 0 to 9999 and must be placed between
0 and the last line of the subroutines. '

1 ~ Learn and Store X and Y position: '

This command can be used in Teach Mode programming, as opposed to Normat (or
Calculated) Programming. In teach mode, a desired position can be registered by
actually moving the end effecter (by jogging, by using handwheel or manually) to that
location, and issuing a "1" command. The net effect is that either to insert a new
positional instruction or to replace current instruction with a new positional instruction.
The generation of this positional instruction depends on two learning conditions,
"learn® and "learn/replace”. AT "lean" condition, it start with an empty program
buffer and register a series of points; the other condition is to learn through a program
already in the buffer and modify existing positions. SMCC detects its "buffer full bit",
If buffer is not full, SMCC does a "learn", otherwise, it does "learn/replace® at
whatever the point in the program buffer it may be. . :

[Example 4.2)

z ;Clear buffer

F1024 ;Maximum Speed

HOME ;1Go to Home

DWE 1024 ;Stop for 1 second

3 ;At this point, move the end effecter
;to the desired position

3 ;Stop there

1 ;SMCC will learn the position

;and appropriate instruction will be
;jwritten automatically.
DWE 1024 ;Wait for 1 sec.

J jMove to the next desired position
J ;Stop Jogging

1 ;Learn this point

HOME :1Go back Home

END ;End of Program

LIST ;Check the Program

You must check and verify the positional instruction written by 1 command. Sometimes
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you have to eliminate Y axis move command if you do not wish to move Y axis at that
time.

z nn — Purge Buffer and reserve nn steps for program: If nn is not specified, purge program
only. nais 1 to 1790 (8K RAM) or 5630 (32K RAM). The rest of available memory
can then be used to store subroutines (which is Labeled 00 to 63).

[Example 4.3]

21790 jReserve all the available memory for main program
2 jPurge program only.

8 — Save: Save Buffer Program and i-parameters in permanent memory (EAROM). This
command works only when the on-board DIP switch SW35 is set to True (ON), and

SMCC is at the in-position state. The SMCC prompts error sign ( Bell ) If both
conditions are not met.

inn vv - Initialization Parameter Set and Query: Set inn parameter as specified by vv. If vv
is not specified, then current i parameter is displayed. Corresponding buffer command
format is Inn vv. See Appendix A. Glossaries of Initialization/Setup parameters.

Pon = V - Set value for a variable parameter.: Range of V is between +/- 2 billion (2**31-
1), and nn is 1 to 15, zero is not allowed. The equivalent Buffer instruction is: SET
Pnn = V and RESETP, which resets all parameters to zero.

[Exanple 4.4]

P01 = 10000 ;Variable P01 is defined.
X(P01) ;This command is same as X10000

Cmm = AA -- Defines Cmm as address AA: This creates look-up table. The equivalent
Buffer instruction is: SET Cmm = AA.

(Example 4.5]
Cl2=£fb8 ; Define Cl12 as Parallel Port Address (FFBS)

Mnn.= Cmm.b — Defines M function bit at address Cmm at bit position b.
Rangeof bisOto7; nnis0to63; mmisOto3l.

The equivalent Buffer instruction is: SET Mnn = Cmm.b.

A specifc M function bit can be set by SET nn and reset by RESET nn. See chapter 5.




[Example 4.6]
r2034,5 ;Will read Version Number
rala4,2 ;Will read End address of RAM Memory.

dAA,nn —~ Formatted Read: Read data and display with format:
Address, Data, Similar to Intel Hex format.

[Example 4.7]

da4l4,20 ;Will display User Program converted to
;internal format and stored.

WAA,nn — Write Memory Data: Write a byte of data nn to
address AA (Hex value).
Note:
(1) nn can be 0 to 255. if nn is not given, will send back one byte of data.
(2) All addresses are in hexadecimal format, using lower case a to f.

4.3. PROGRAM EDITING COMMANDS

LIST n,m - List m lines of buffer program starting at line n.
LISTn -- List Line n only
LIST - List whole program,

DELETE n,m -- Delete m lines of buffer program starting at line n
DELETE - No Delete for Protection.

INSERT n -- Insert additional line(s) of program starting at line n. To exit, use (CR).
REPLACE n - Overwrite program line n. To exit, use (CR).

Note: The INSERT or REPLACE commands cause the SMCC to output program line
numbers when LIST is used, thus indicating that the SMCC is in edit mode. To exit,
simply use (CR). The program may be edited even while the SMCC is running the
program. This permits on-line modifications to occur, if needed.

znn -- Clear Buffer
The "z" command can be used only when the SMCC is stopped. Without nn, it will clear
the program area while leaving the labels (Subroutines) intact. If "znn" command is
used, the entire program and the labels are cleared, and n lines (0 to 1790) are allocated
to program area, the rest of the available memory can then be used for labels 00 to 63
(Subroutines) as needed.

MAP n — Reallocate n steps or lines for main program area. n is independent of available
memory. All labeled subroutines are moved automatically to create necessary program
buffer space. -

{Example 4.8] - Demonstrate editing commands
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A0
- 250

FOR 3
T2048 °
X1000
DWE1024

X0
DWE1024
NEX
END
REPO

LIS

REPO1
T1024

LIS

DELO1
LIS

We We We We Mg W WP We W W W MF Wy WH WE WH WE WH W W W W We W Wy WE Vs WM Uy Ve Uy Mg W W Mg Wy N W Ws We W Vs W Wp W2 Wy w2 N2

select A0 card

clear the program buffer and reserve 50 lines
for main program.

start a loop, do 3 times.

specify a move time of 2 seconds

Tell X axis to move to 1000

wait one second.

note: command can be abbreviated by its first
three characters.

return X axis to 0

wait one second

End of loop

End of program

SMCC does nothing, but places itself in edit
mode. REP is the editor's "REPLACE" command.
Program line number only shows up in edit mode.
This is the "LIST" program command

You will read whole program as follows:
0000:FOR3

0001:7T2048

0002:X1000

0003 :DWE1024

0004:X0

0005:DWE1024

0006 :NEX

0007 : END

We are telling SMCC to replace line 1.

This entry replace old line 1 and SMCC send new
line 1 as follow::

0001:T1024

list program again, You will read as follows:
0000:FOR3

0001:T1024

' 0002:X1000

0003:DWE1024
0004:X0
0005:DWE1024
0006 : NEX
0007 : END
delete line 1.

1list program again

0000: FOR3
0001:X1000
0002:DWE1024
0003:X0

0004 :DWE1024
0005 :NEX
0006: END




insert new line before line 0

this becomes line 0 and SMCC prompt it as
0000:T1024

list program again,

0000:T0124

0001:FORD

0002:X1000

0003 :DWE1024

0004:X0

0005:DWE1024

0006:NEX

0007 : END

Ths "s" command will save the program
permanently.

Program remain unchanged until next "s®
is issued.

INSO00
T1024

LIS

Ty Tmp Mma WMe WH WE WE My W Ng NP g Wa WE Wy We

NOTE: Commands such as "X0Y0", "U1000V-1000" ( incolves X and Y axis } while been
entered at one source line but internally it occupied two program lines.

4.4. STATUS QUERY COMMANDS

inn -- Send Stored Initialization/Setup Parameters.

innH - Send the maximum allowable value for the inn parameter.
innL. -- Send the minimum allowable value for the inn parameter.
innD - Send the factory set default value for the inn parameter.

ix - Send all Initialization/Setup Parameters.
Note: LCD display may not catch up the burst of text transmitted by ix command. In
that case, lower the Baud rate or use individual inn commands.

f — Send Following Error.
p — Send Current Position.
i38 determines the way a value will be presented by p command. If i38 is in default value
(138 1:1.0), then SMCC displays position in terms of count.

v — Send Current Velocity. Unit is determined by i17.
Velocity is displayed in terms of RPM unit, if i17 is set by
i17 = (130,000,000 ) / cm
where "cm" is count value corresponds to one revolution.

? -- Send Status and Error Codes

SMCC sends 8 bytes, each byte 8 bits, as status indication to the host. The status bytes
are transmitted in Hex-ASCII format.
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Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

Bit
Bit
Bit
- Bit
Bit
Bit
Bit
Bit

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

SN A b WN O . SN A e WO SN E DN O

sSSane WO

BYTE 1 (FEBS5)

Home Y Completed

Home X Completed
Continuous Move

Block Request (MDI Mode)
Auto Divide

Feed Hold (HOLD)
Running

Timer Active

BYTE 3 (FEB7)

Jog Positive (X)

Jog Negative (X)

Limit Position (X)
Following Error (X)

12T Limit (X)

Not Stopped (X)

Not In Position (X)

Zero Command Velocity (X)

BYTE 5 (FEB9)

Edit Mode
Insert Mode
Extended Read
Circle Mode
Wait X

Wait Y
Backlash X

Backlash Y

BYTE 7 (FEBB)

Servo Pointer

Servo Pointer

Servo POinter

Dwell Request

Home in Progress

Dwell in Progress
Continuous Move Regest
Memory Request

BYTE 2 (FEB6)

Time Rate Mode
Single Step
Buffer Full
Parabolic Mode
Limit Switch

Not Ready (X)

Not Ready (Y)

Not Ready To Move

BYTE 4 (FEB8)

Jog Positive (Y)

Jog Negative (Y)

Limit Position (Y)
Following Error (Y)

I2T Limit (Y)

Not Stopped (Y)

Not In Position (Y)

Zero Command Velocity (Y)

BYTE 6 (FEBA)

Auto Divide Request
Extended Move Flag
Extended Move Flag
Home Done Flag

CCW Circle

Circle > 180
Position Frozen (°V)
Subr. Buffer Open

BYTE 8 (PEBC)

Servo Pointer
Servo Pointer
Servo Pointer
Servo Pointer
Servo Pointer
Stop Request
Servo Pointer
Servo Pointer

Ban -- Send line number for Label nn, or size of program buffer if nn is not specified.
Bx - Send line numbers at which all labels, 00 to 63, are located.

Pnn -- Send variable parameter values.

Px -- Send all variable parameter values for P1 to P15.
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Cmm - Send Defined Memory Location Address for Cmm,
Cx - Send all defined memory location addresses for CO0 to C63.

Mnn -- Send M function definitions.
Mx - Send address and bit for all M functions, MO0 to M63.
SMCC supports multiple number of M-function 1/O’s to interface with environments like
limit switches, status of other equipments etc. Among them, several M-function

I/O's are defined as Mnn variables.

Software Description Pin Hardware
Definition Spec.

MOl ;Machine Output #1 (MAO1)
MO2 ;Machine output #2 (MAO2)
MO3 sMachine output #3 (MAO3)
MO04 ;Machine Output #4 ({MAO4)
MO5 ;Machine Output #5 (MAOS5)
M1l . ;Machine Input #1 (MAIl)
M12 ;Machine Input #2 (MAI2)
M13 ;Machine Input #3 (MAI3)
M14 ;Machine Input #4 (MAI4)
M15 ;Machine Input #5 (MAIS)
M16 ;Machine Input #6 (MAX6)
M17 ;Machine Input #7 (MAX?7)

[Example 4.9] - Usage of M-function I)o

GOTO+3 IF (M13=0) ;If M13 (M-function Input #3) is FALSE,
;jskip next two instructions and go
;ahead. Otherwise, execute next

sinstruction.
RESET 02 sTurn Off M02 (M-function Output #2)
GOTO 05. ;Goto Subroutine 05
SET 01 :Turn ON M0l (M-function Output #1)
DWELL 1024 ;Wait 1 Second

[Example 4. 10] - Definition of Cnn and Mnn

;Definition by Direct Commands.

Co1L = ££01 ;Define C01 variable as SMCC memory
raddress FFO0l.
MOl = C01.5 :M01 is defined as
:bit 5 of that address.
4.5 CONTROI, CHARACTER COMMANDS
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NOTES:

1. All <CNTRL> type commands do not require a <CR> (Carriage Return) to be
acted on by SMCC. They are executed immediately upon reception.

2. All <CNTRL> characters affect all cards on-line at once, regardless of whether
they are currently addressed or not.

<CNTRL V>

Upon receiption of this command, any on-line SMCC will immediately “freeze" the
current X and Y positions and store them for later use. The “frozen" position is
indicated on the position display unit and will be sent in response to a *p" command.
The "p* Command also unfreezes the position display. Operation of the SMCC is not
affected by the Position Freeze Command. Onlypositiondalaiseapturedatthelimeof
<CNTRL V> command reception. It is possible to capture the position data
simultaneously on all cards by the <CNTRL V> Command. The position data can
then be read one card at a time, by using "AOp", "Alp", etc.

<CNTRL M> (Carriage Return <CR>)
This is usuvally sent to the SMCC by the <ENTER> or <RETURN> key on the
computer keyboard. It causes the SMCC to act on the non-control characters it has
received since the last carriage return (the action is immediate execution or storage in
the program buffer, depending on the type of command.) As a control character, it
affects all SMCCs on- line, not just the one presently addressed. This is useful for
sending simultaneous commands or program lines to multiple cards. -

<CNTRL H> (Backspace <BS>)

This is usually sent to the SMCC by the <Backspace> key. It erases the most-
recently entered character in the SMCC’s line buffer. As a control character, this
backspace acts on all SMCCs on-line, not just the one currently addressed. In most
cases, only the addressed card will have any characters in the line buffer, but if any
other cards do, the last character in their line buffer will be erased also. For instance,
typing in "A0X1234A1X5678 <BS> <CR>" would leave "X123" in AQ's buffer
and "X567" in Al’s buffer.

4.6 HANDS-ON COMMAND EXAMPLES

Following examples are intended to introduce basic SMCC commands that are most frequently
used in many applications. It is recommended that motor shaft is disconnected to the load so
that motor runs freely without hitting any limit.  Be sure that the motor is tightly attached to
a fixed structure, therefore, eliminate sudden jerk triggered by rapid change in acceleration.

Turn the power on, the SMCC holds motor shaft at a position and set that position to zero. Try
to rotate the shaft ( by manual ), a well-tuned system should hold the position.

[Example 4.11] - Card Selection and Basic Move.

A0 ;Card Address Select Command.
' ;selects card #0. If only one SMCC card
:1s used, that card must be card #0.
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i38 ;Check if SMCC responds with 1:1.0
;if not, record the response for later use

138 1:1.0 ;Example 4.17 has more detailed description on i3

J ;Jog Forward. Motor will jog with

;predefined speed until commanded to stop.

;Memorize forward direction.

;Typing J command again stops Jogging.

;Again, Jog forward.

;Quit also stops motion.

:It moves motor to prejog position.

;Small j forces to jog backward.

:Next j will stop backward jogging.

;This command asks current position. SMCC will

;respond with current position represented in

;counter unit. Relation to motor speed [RPM)

jor actual end effecter position will be described

;later.

v ;This command asks current speed in counter
;unit per second.

q ;It aborts current move. Note that SMCC controls
;or holds shaft position.

< 1 09q

o

[Example 4.12] - Unit of Position.

In SMCC system, shaft position of the motor is sensed by an encoder. This encoder output is
converted to counter value inside the SMCC, and used as a position information, Minimum
resolution that SMCC can differentiate is governed by the encoder resolution.

k ;This command kills servo action. Motor is not
;energized. You should turn the shaft freely.
;Set motor shaft in a known orientation so that
;you can refer it later.

;This command may issued whenever you notice
sunpredicted operation, and wants to turn off
;motor power. .

P ;Asks current position in counter unit. Take note
sof position value. _

;Now, turn the shaft one revolution in a forward
sdirection.

p ;Again, asks current position. Subtract previous
;position value from current position value.
;Lets call this value to be "cm".

;This is the counter value corresponding to one
:revolution (mechanical).

q ;This command forces motor to hold the position.
;released by k command.

p ;Again, asks current position.

Z ;It sets current position as Zero.

;Initially, the position is set to Zero,
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;but can be set anywhere by this command.
p ;This time, current position must show zero.

[Example 4.13] - Introduction to I-parameters, Positional Unit

Commands starting with i and followed by a two digit numbers are called initialization
commands, We use these commands to set up system configuration parameters, once set up,
don't have to be changed frequently. These parameters are permanently stored in SMCC
memory, and is not lost during power down.

One of the i command, i39 specifies Encoder Type, Direction and Position Counting Method.
By typing "i39(CR)", get your current value and compare it to the following table.

139 value Type Direction

Pulse and Direction
x1l A/B Quadrature

x2 A/B Quadrature

X4 A/B Quadrature
Pulse and Direction
x1 A/B Quadrature

X2 A/B Quadrature CCW
x4 A/B Quadrature CCW

ddogag

i39 Set Encoder Type, Direction and Counter Mult. Factor

Note that in A/B Quadrature type Encoder, there are three different kinds multiplication factor
of counting Encoder signals. Now, previously measured value of "cm® (Count per
Revolution, Mechanical) can be analytically calculated by obtaining the encoder’s revolution
information and using the equation,

cm = Encoder Lines per Rev. x Counter Muitiplication

If you have 500 Lines per Revolution Encoder (A/B Type), and i39 is set to 3( or 7), the “cm"
will be 2000.

[Example 4.14] - Jog Speed Setup

In this example, we will see how the speed of jog motion is specified by initialization
parameters. Jog Speed is determined by two commands

i06 Set Reference Speed, and
i31 Set Jog Speed Ratio

i06 ;This command asks reference speed of SMCC in
scounter per second. Record down it for later
;use. You can convert this speed in RPM by
sthe following equation.
I
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Reference RPM =  —=—-- X 60

e Ty W wa

;If 106 =20000, cm = 2000, then reference speed
;will be 600 RPM.

106 60000 ;1800 RPM when cm=2000

il ;This command asks jog speed relative to the
;jreference speed (i06).

i31 128 ;Change i31 value to 128. By appending numbers
jafter 1 commands, you can change parameters
;temporarily.
jJog speed in RPM can be obtained by :

]
H i31
{ Jog RPM = Reference RPM X =«====
; 256
; .
;Calculate Jog RPM for your system with i31=128
J iLet motor jog and verify RPM, if poseible.
q ;abort move
i31 64 7131 is reduced to half (or 1/4 of Ref. speed).
J ;Verify if the speed is reduced.
J 7Stop jogging.

[Example 4.15] - Following Error.

In order to control shaﬁi:ositionasaccuratelyasposaible, SMCC compares desired position
with current position obtained from the feedback sensor in about every milliseconds. the
Following Error “FE" is defined by

FE = desired position - current position.

Ideally, it is desired that FE be zero at all times (during the move or hold). But due to the
limited capacity of the system, there are some nonzero Following Errors present, especially
during the fast acceleration/deceleration. Also we must give some allowance to the system that
Following Errors less than certain number of counts can be regarded as no error. This is
mainly due to system’s mechanical tolerance. '

q ;Stops motion.

f iSend Following Error in count unit.
;Since motion is stopped, Following Error
;must be close to zero.

j ;Let Jog, and

£ jduring the acceleration or deceleration,
iyou may notice some nonzero Following Error.

4 ;check FE several times.

q ;Stops motion.
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[Example 4.16] - Acceleration/Decelerdtion

Motor must be accelerated or decelerated to start or stop its motion, or to change speed during
motion. In SMCC, acceleration and deceleration rate can be specified by i08 parameters. 08
specifies time to accelerate and decelerate from the previous speed to the desired speed, in
1/1024 second unit (Roughly in millisecond unit).

ios ;Asks specified acceleration time
io8 4096 ;Accel/Decel time in 4 second.

3 ;Let's see the slow change of speed.
J jStop

ios 256 ;Accel/Decel time in 0.25 second.

J ;See if accelerates fast.

;Of course, if Accel time is too short, motor
;jcannot follow due to its capacity, and may
sbe tripped by Following Error Fault Limit
;protection.

q ;Stop.

{Example 4.17] - User’s unit of Position
So far, in the above examples position or distance was referred with counter unit. Note
that we set i38 1:1.0 at the beginning. By changing 138[158), you can use your own choice of
units representing position or distance. i38 has a format of dd:mm.p and position unit is
changed to

Pos. (New Unit) = Pos. (count) x
dd x 10 #** p

where p specifies number of digits after decimal point. Following example will help you
understanding the above equation, It assumes a system with cm = 100, and the shaft is
connected to an end effecter linked by a 5 pitch ball screw. So 1 inch move of the end effecter

corresponds to S00 count.

J ;Let it jog for a while

J ;8top Jogging

iis 1:1.0 H

P : ;552805 Default value in counter unit
i3s 500:1.0 ;dd=500, mm=1, p=0.

P ;1106 Divided by 500. Inch Unit, but

,Poor resolution!
i3s 500:1.3

-y

P $1.106 Decimal point moved.
i38 500:10.3 H

P ;11.056

i3s 500:1000.3 ;

P ;1105.610 (inches).
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If cm = 2000 (500 line encoder with x4 multiplication factor), and end effecter is connected
by a § pitch screw. One inch movement of the end effecter corresponds to 5 revolution of
motor shaft, and 10000 counts in counter unit. If i38 is changed to 10000:1000.3, then for 1
inch of move from the zero position, SMCC will respond with 1.000 upon p command.

i38 10000:1000.3 ;Unit in inches

Om4<T Q

iJog

scurrent position in inches

jeurrent velocity in inches per sec.

;eurrent Following Error in inches per sec.

;jQuit Jogging

[Example 4.18] - Dual Axis Control

When SMCC controls a DC motor (Brush Type), One SMCC card can handle two axes of
motors, called "X* and "Y" axes. If your system is not configured for two axes, skip this

example,

i13

i1s

i3l
is1

¢It asks about motor type. If responded with 0,
;you are controlling brush type DC motor. If not,
iyour system is configured for other type of motor
jProceed only if you get i13 = 0.

;This command asks if dual axis is enabled.

;If responds with 0, you have dual axis systen.
:Go ahead if i15 = 0,

iSame as J command but explicitly specifies X
;axis

iStops X axis Jogging. J and JX are identical

; Command

;Forward Jog on Y axis.

;Stop motion.

;Asks Jog Speed for X axis.

;Asks Jog Speed for Y axis.

;For dual axis system, i20 - 139 defines X axis,
;jwhile 140 - 159 defines for Y axis.

Buffered Instructions are another set of Commands which are used to build Motion Programs,
Since they have different mnemonics, SMCC understands if a given command is a Direct
Command or a Buffered Instruction, Buffered Instructions are normally to be stored in a buffer
but can be made to be processed immediately, just like direct commands. This is controlled by

i02 command,

Note: In this example only, Buffer instructions are marked with * in front of each instruction.

[Example 4.19] - Usage of Buffer Instructions

;This command empties buffer for main progrhm
;znn command will purge buffer and reserve space
;for nn program steps. '
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A ;Reset Current position be Position Zero.

1381:1.0 ;Default Positional Scale

ioz 1 ;Specifying i02 = 1 makes Buffered instructions
;processed immediately. _
sNote that this parameter is automatically resets
;ito 0, after "Q", or "S" command is given.
;As well as "i02 0" command.

* F 1024 ;Feedrate (Speed) Instruction.

? nnnn
; Speed = 106 X weweweme- (Count/Sec)
i 1024

H

;Programmed Move after this instruction will be
sexecuted with this speed.
;Speed this time, will be same as Reference speed
;set by ioé6

* X10000 ;Move to 10,000 counts position (regardless of
jcurrent position. X specifies absolute position.

* 110000 ;Move 10,000 counts from current position
;U specifies relative distance.

* X0 ;Move to Zero position

ioz o ;Now Buffer Instructions will be stored.

;Type above Commands once more. They
;will not be processed, but stored.

* F1024
* X10000
* U10000
* X0
* END ;This instruction necessary to specify end of
;Program
LIST t:List the entered program for verification.
;If not correct, enter "z2" command and rewrite the
;program.
R ;RUN Direct Command. SMCC will process stored

;jprogram step by step automatically.
;This has same effect as pressing RUN button,
;from the front panel.
i38 500:10.1 ;When i38 parameter changes, Parameters in
;jBuffer Program are also changed.
LIST ;Verify which parameters are changed.
i3s1:1.0 ;Change back!

[Example 4.20] - Save Command, RESET

SMCC uses two different kind of memory for storage. Initialization parameters changed, or
Buffer Programs in the above example are stored in a volatile memory called RAM. They will
be lost upon power down. In order to store these changes permanently, they should be stored
in a non-volatile memory called EAROM (or EEPROM). Data in EEPROM can be changed
by s (save) command, but data are preserved during power down. Upon initialization, these
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data are recovered to RAM to be used.

ix ;This commands asks to print all the i parameters
;stored with a single command.
;In some computers with LCD display, due to the
;speed of monitor, you may not be able to get
jcorrect information. Try individual inn commands
jto record parameters for later use.

s ;jSave updated Initialization Parameters and Buffer
;program.
;It might take a second to save all progranms.

$S ;jSystem Reset. Almost has the same effect as
;jHardware RESET.

A0 ;Remember -to issue address command after reset.

LIST ;Lists all the programs stored.

;Note that Line number starts froam 0.
[NOTE] RESETTING SMCC

Following three RESET commands are supplied to reset without interrupting power. You may
use them depending on the situation.

1. Hardware RESET - Press INIT Button on the front panel will reset SMCC completely
(same as Power-up RESET). If multiple SMCC's are connected in parallel, all cards will
be reset simultanecusly.

2. $ Command (Software Reset) - This command re-sets Motor type and Phasing control. All
the other information stored in memory will be preserved.

3. §$ Command (Software Reset) - This command resets everything except it does NOT
reload SWITCH Setting (Baud Rate, Address etc.). All Memory contents will be lost,

[Note] Commands or Instructions longer than 3 characters without counting modifiers or
parameters, can, in general, be abbreviated to first three characters. For example,

DEL3 for DWELL 3
REP4 for REPLACE 4
DWE1024 for DWELL 1024
STA for START.

[Example 4.21] - Control running a motion program

z ;Set current position to zero.

R sRUN the program, and before the execution ends
itype next command.

H Stop and Hold current position.
;Upon this command motion can be stopped from
;anywhere.

R ;jRUN from the stopped position
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;Wait until program execution is finished.

;S8tep Command.

;Do next step.

;used to stop program execution at the end

;of current motion block.

;Go to Beginning of Program. SMCC uses a pointer
;internally to memorize current instruction.
;jchanges pointer to the beginning of program.
;If "bnn", peointer will indicate Subroutine nn.

o 0 nn

Notes: H (Hold) command has two modes of operation controlled by i1l initialization
parameter. Check which mode is set by typing “i11", and experiment to verify following
description.

Rapid Hold Mode: When i11 is set to 0.

Upon HOLD command, Motion is stopped as rapld as possible, and return to the
position where HOLD command occurred,

Controlled Hold Mode: When il1 is set to 1.

Upon HOLD command, motion starts to decelerate until stop. Rate is controlled by i08
(Accel/Decel Time).
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5. BUFFER INSTRUCTIONS

Buffer instructions are stored in the buffer and then be executed later upon the reception of
commands such as "S" (step) or "R" (run), or external switch closure.

As a convention, a command within a pair of ( ) is an optional entry; A command within a
pair of [ ] is an equivalent Y axis command.

3.1 Program Definition/Control Instructions

START -- Start Continuous Motion. Continuous Motion Block is defined by starting with
START command, and ended with STOP command. SMCC will execute motion
blocks consecutively without stopping. The effect of "START" can be ended by using
*STOP" or "END" (if at end of program) or issuing an "S" step command.

STOP -- End of Continuous Motion. See description for START instruction.

END -- End of program. This instruction must be given at the end of Program, Otherwise "s"
(save) command may not work. This also closes all the unclosed loops, or blocks.

Lnn - Label defines subroutine from LOO to L63. A subroutine may contain any number of
program steps and may contain loops and other subroutines, can be nested up to 16
levels deep. Each subroutine must be terminated by a RETURN instruction.

RETURN - Return from Subroutine. Subroutine is defined by a Lan command. If the
Subroutine is executed through GOSUB command, program sequence will retum to the
next command in the main program, but if it is executed by GOTO command, program

SET Pon = mm -- Set variable number nn as mm. Up to 1S5 variables can be defined (an
from [ to 15), and the range of mm is from -8388608 to +8388607. Programs can be
written with variables (P01 - P15) as long as that variable is predefined. This ability is
very effective in programming. For example, a program can be tested with low speed
and then be converted to high speed in real application, The whole process involves
only reassigning a value to a variable.

[Example 5.1)

SET P01=512 ;Define POl
FOR 10
F(P01l) ;Use defined variable
X10000
X0
NEXT
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The parameters, POl to P15, may be used in instructions that requires simple data such
as X (Pnn) (move X axis) or Y (Pnn) (move Y axis) or F(Pnn) (Get Feed Rate), etc
However, Pnn parameters may not be used with GOSUB, GOTO and instructions that
has no data (such as STOP, END, .. etc). Variables arithmetic operation are also
possible within the instructions. Acceptable forms are:

1. Instruction (+/-Pnn)

2. " (Pnn +/- Pum)

3. " (+/- Pnn * Pmm)

4. " (+/= Pnn/Pmm)

5. " (Pnn + Pmm * PKk)
6. " . (Pnn +/- Pmm/Pkk)
7. * . (Pnn + Pmm*Pkk/Pjj)
8. " (Pnn * Pom / PKK)

valid usage such as
SET P8 ={P06*P11)
SET P7 = P8 + 1

SET P1 = 5
SET P2 = (P1)
SET P1 = (P7+P10/P11)

The following commands can incorporate with the P parameters i.c, their data can be replaced
by the P parameter.

FOR F T t X Y POT Inn
AX AY U v td WX WY “d
tt DLY X= Ym RX= RY= R=
DWELL SLEW

SET Pn=  DIVIDE

The P parameters may be effectively used in applications such as:

1) Peck Drilling.

2) Generating spirals.

3) Generating 2nd, 3rdandhlgherorderpolynommlsforaxbm-arypaxhgeneram

SET Pn = HX

SET Pn = HY

SET Pn = AX

SET Pn = AY These instructions set the variable Pn to the home captured position (HX, HY)
or to the ending position of the present move (AX or AY) based on the last home
position. Units are encoder counts.

RESETP -- Causes all P parameter values to be set to zero.

FORnn -  Start loop and execute the loop nn times. End of loop must be specified by
NEXT command. If nn = 0, then loop is executed forever. Range of nn is from 0 to
32767. Loops may contain other loops (nested FOR), as long as each loop is
terminated properly by a NEXT command. Loops may also contain instructions that
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execute subroutines.

(Example 5.2)

FOR 10 jOuter loop will be executed 10 times.

DWELL 1024 ;Pause 1 Second -
!

FOR 2 ;Forward and Backward Motion for 100
jcounts will be executed 2 times.

U100 '

U-100

NEXT ;Corresponds to FOR 2

NEXT ;iCorresponds to FOR 10

NEXT - End of FOR Loop. See FOR nn command for detailed usage.

‘GOTO +nn (IF (NOT) Condition) - Go to forward nn program lines.
GOTO -an (IF (NOT) Condition) -- Go to backward nn program lines.

Note: GOTO+00 is a useless nonfatal statement. GOTO-00 will lock up the card and
should never be used. Do not use GOTO command in such a manner that an indefinite
number of these commands can be executed without an intervening time-based
commands (Move or Dwell). SMCC will lockup because it cannot keep track of time.

For example, do not use :
GOTO-00 IF (M11=0),
Instead, use

DWELL 20

GOTO-01 IFM11=0)

Range of nn is from 0 to 63. "Condition® will be further explained in the following
paragraphs.

GOTO nn (IF (NOT) Condition) -- Go to Iabel nn without saving return address. The
program will terminate when a RETURN is encountered. These commands are
executed conditionally. If the logic specified by IF condition is FALSE, GOTO
command is not executed, and the program executes next command.

GOSUB nn (IF (NOT) Condition)—Callsubrouﬁnenn(deﬁnedbyLabeann)andretumm-
next program step when RETURN is executed,

Notes: *Condition” format in the above instructions must follow one of two forms.
(1) IF(NOT) nn CC xxx - Memory Contents with Immediate Data.
nn is the data read from the address defined by Cnn = AA.
xxx denotes immediate data in the range 0 to 255.
CC is a conditional operator which has following forms:

"=" (EQUAL)
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*>* (GREATER THAN)

"»* (BITWISE LOGICAL AND)

*+" (BITWISE LOGICAL OR),

[Example 5.3]

col = ff3a ;Define C0l1 as Address FF3AH(Port 0
;jBuffer)

GOTO 05 IF 01 # 16 ;If X axis Positive Limit is Set,
sthen jump

HOME ;to Subroutine 05. Otherwisae,

;Execute HOME.

(2) IF(NOT) cc (AND dd)
IF(NOT) cc (OR dd)

cc or dd denotes a conditional test that can have one of two forms:
a. (Mnn = (/1), where Man is a bit defined by Mnn = Can,b.
b. (Pnn ¢ X/Y) where nn is a parameter number, X or Y indicates current X or Y axis
position, and c is a conditional operator which has following forms:
*>" (Greater Than)
*<" (Less Than) :
*> =" (Greater than or equal)
* < =" (Less than or equal)

[Example 5.4)

C04 = f££fb7 :Define C04 as Machine Input Address
M1l = C04.0 sDefine M1l as Machine Input #1 (bit 0).
M12 = C04.1 ;Define M12 ‘as Machine Input #2 (bit 1).
P11l = 10000 ;Define Variable P11 as 10000,

GOSUB 02 IF (M1l=1) AND (M12=0)
;If MI1 is HIGH and MI2 is low then executa
. ;Subroutine 02 defined by L02.
GOTO+ 05 IF NOT (P11l > X)
;If present position (X axis)
:is less than 10000, skip 5 Instructions.

SET nn (IF (NOT) Condition)

RESET nn (IF (NOT) Condition) ,
These commands Set (Logical TRUE) or Reset (Logical FALSE) Mar conditionally.
The IF or IFNOT is optional. If it is omitted, then the action is always taken. See
description of GOSUB Command for the format of Conditions.

SET Cnn = AA - Defines Cnn as address location AA. Range of nn is 0-63 and creates an

address look-up table. Once address is defined, it is referred by the Mmm instruction
or the CASE instruction in the subsequent program.
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SET Mnn = Cmm.b — Defines address location Cmm, bit b as input or output bit defined by

Mnn, Mnn is (0-63). Cmm is (0-31) and b is (0-7),
See Appendix D for default definitions.

[Example 5.5)

SET €01 = ffo1 ;Define CO01 as SMCC memory address FFO1.

SET MOl = C01.5 iMO1 is defined as bit 5 of that
;address.

CASE mm, xxxpp - The CASE Instruction allows flexibility in programming the SMCC from

external sources such as Thumbwheel switches or simple switch closures. It establishes
a table and then controls which step in the table will be executed, depending upon
external inputs.

mm Specifies the address to be examined (defined by the Cmm Command, 0-63).

xxx Defines the size of the look-up table depending on pp.

Pp Can be one of four characters and defines the following:

"B" or " ": Interpret the input data as a binary number,

D" : Interpret the input data as a Decimal number. xxx is then 0 - 99,

"H" : Interpret the input data in the High 4 Bit Nibble only. (Thumbwheel’s 4 line
input connected to 4 MSB Bits.) xxx is then 0 - 15,

"L" : Interpret the input data in the Low 4 Bit Nibble only. (Thumbwheel's 4 have
inputs connected to 4 LSB Bits.)

“d" : Same as "D" with complemented data

*h" : Same as "H" with complemented data

*1* : Same as "L" with complemented data

“b" : Same as "B" with complemented data

Note: Complemented data means that when the available data is read at the specified
address, it is first complemented (inverted) before being used to jump to the specified
line following the Case Command. This allows a simple adoption for thumbwheels
without changing the basic Case Command. In this case, thumbwheels is attached to a
parallel input port which provides either “true” or "false” outputs ( "normally open” or
"normally closed”). For detail example, refer to Chapter 7.

When executing the CASE instruction: The SMCC reads the data at the address
specified by Cmm and depending on the data value read, jumps to the specified
location on the table, executes that instruction and then executes the instruction which
follows at the end of the table. Table entry (instruction) can be as many as 255 steps
and are written immediately after the CASE. If the data value read is larger than the
table, the table is bypassed and the next instruction is executed. :

The instructions in the table can be any instructions, including: Moves, Subroutine
GOTO's and jumps, I (parameters), F and T (Feedrate and Time), SET M and SET P,
etc. As long as sufficient I/0 is available, it is possible to read Thumbwheels to
selectively change move distances, velocities, servo parameters, program selections,
etc.

[Example 5.6] - CASE Instruction
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Assume a BCD thumbwheel switch is connected to the parallel
port at address f£fb8. Variable Cnn (nn = 0 - 63) is
specially designated to define memory address.

C20 = ffbs ;Define C20 as parallel port.
CASE 20,10L ;Read Low Nibble (L: Lower 4 bit) of C20
sand jump to the following 10 tables
;depending on the read value.
GOSUB 00 ;Execute Subroutine 00 and exit this table
GOSUB 01 ;Execute Subroutine 01 and exit this table
GOSUB 02 ;Execute Subroutine 02 and exit this table
GOSUB 03 ;Execute Subroutine 03 and exit this table
GOSUB 04 ;Execute Subroutine 04 and exit this table
GOSUB 05 ;Execute Subroutine 05 and exit this table
GOSUB 06 ;Execute Subroutine 06 and exit this table
GOSUB 07 ;Execute Subroutine 07 and exit this table
GOSUB 08 ;Execute Subroutine 08 and exit this table
GOSUB 09 ;Execute Subroutine 09 and exit this table -
;** END of TABLE #*%
;After the execution of subroutine, program
:jumps to here.
SET M01 ;Turn ON M-function Output #1

mAA,d-  Write Memory Data

nAA,d—-  Logical AND Memory Data

uAA,d - Logical OR Memory Data

xAA,d—-  Logical XOR (Exclusive OR) Memory Data

mmAA,d—- This is the same as the mAA,d instruction except that it executes immediately
and does not require an instruction that sends data to the servo

5.2. Motion Definition Instructions

Inn - Set Initialization/Setup parameters. Same as Initialization/Setup commands except that
the Inn commands are stored in the buffer and thus permit changing parameters during
program execution.

X = nn [Y = nn] -- Set Current Position as given by nn. The unscaled range (i38 set to
1:1.0) is —67108864 to 67108863

Fnn - Set Feed Rate.
Range is from 0 to 8 miltion (2*23-1).
Actual Feedrate is also dependent on i06 value.
Note that Fan x i06 sets the machine feedrate, and the product should be less than
10*+9,

Tnn -- Set Move Time. This command is a modal and defines the move time of the X and Y
axis (from start to beginning of deceleration point) in binary milliseconds. i.e. each




-

unit is equal 10 1/1024 seconds. The range of nn s 1 to 8 million (2*23-1). The move
is effective until a new F or T instruction is executed.

tnn - Set Speed Change Time in nn/1024 Seconds. Equivalent to i08 (Set Accel/Decel Time)
Initialization Commands. It supersedes i08 for programmed moves, but does not
change i08, and does not affect jog moves. The total time of a parabolic move segment
is “t’

TORQUE - This puts SMCC in torque-limited mode.
If it is followed by a "HOME" command, then the home cycle changes to a torque-
limited home. The home move continues until the Following Error on each axis
exceeds i10. The normal offset move is then made and the new position is set to zero.
This can be used to do a homing move up against the hard stops of your system (no
home input).
If the Torque Command is followed by a Move Until Command (any move followed
by “d), then the offset move is made after the Following Error on either axis is greater
than i10,
If the Torque Command is followed by any other move, then the command position for
that move will not be relaxed if the Following Error is greater than i10.

LINEAR - Defines Linear Motion (Modal Command) All subsequent instructions are
executed in linear mode until a CIRCLE instruction is executed.

CIRCLE n -- Defines CW/CCW Circular Motion (Modal Command).

CW Direction with angle less than 180 degree.

CCW Direction with angle less than 180 degree.
CW Direction with angle greater than 180 deg.

CCW Direction with angle greater than 180 deg.
3-point smoother (S-Curve)

N o

= - B~ - I
runnaH

All instructions following this instruction execute circular or 3-point smoothed motion
until a2 LINEAR instruction is executed (CIRCLE 0 to CIRCLE 3) or until an Fora T
Command is executed (CIRCLE 4). The value of n determines the type of circle or 3-
point smoothed motion. The 3-point smoother is in Parabolic only. Both X and Y
radius must be defined before executing any move instructions (can be defined before
or after the CIRCLE instruction).

R(X) =nn  Set the present X radius to nn.
The range of nn depends on the scale in effect.
The unscaled range is 0 to nn (2*27-1)

RY = nn Set the present Y radius to nn.
The range of nn depends on the scale in effect.
The unscaled range is 0 to (2*27-1).

R = nn Set the present X and Y (radii) both to nn encoder counts.
No scale is used. The range of nn is 0 to (2*23-1).
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[Example 5.7] - To move circular arc from present position.

F1024 - iDefine Feedrate

CIRCLE 0 :Define whether the motion is CCW or CW.
R=1000 ;Define Radius

X1000Y1000 ;Define Final Arc Point.

Note:

As can be seen from the above example, Arc is completely defined by Specifying
Present position, Target position, Radius and Direction.

To execute circular interpolation, more care and planning is required. The following is
an example of circular interpolation being done between two separate Cards, each card
has two axes. The circle starts at 0/0 goes to 10,000/0 (180 degrees) and then retums
to 0/0 to complete the circle.

[Example 5.8] - Circular Interpolation between X axis on A0
and Y axis on Al

AAZ

F1024

R=10000

CIRCLE 0

A0 U20000WYO0 Al WX20000V0
A0 U-20000WY0 Al WX-20000V0
END

For reference, to do interpolation on a single card, between X and Y axis, the program
would look as follows:
To move elliptic arc from present position, program as

A0z ;Address Card A0

F1024 ;Feedrate to 100%

R = 10000 ;Radius of 10000 encoder counts

CIRCLE 0 ;Clockwise Circle.

U20000V0 ;Incremental move of X axis to 20000 and Y
;axis of 0. Half Circle to 180 degrees.

U=-20000V0 ;Return to 0

END

The differences is the introduction of the W (Wait) command which generates a wait
time proportional to a corresponding move time, and the fact that even though the Y
axis on A0 and X axis on Al are not used, they must be treated as a "phantom” axis
and be told to wait or do nothing. This the reason why the unused axis cannot be used
to do a linear interpolation while the other is doing circular or vice versa.

[Example 5.9] - Circular Interpolation between X axis on A0
and X axis on Al

AAZ
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F1024

R = 10000 :

A0 CIRO Al CIR1 iNote that Al's X axis must be reversed,
; using CIR1.

A0 U20000WYO0 Al UOWY20000
Al U-20000WYO0 Al UOWY-20000
END

[Example 5.10]) -~ To move elliptic arc using A0, X and Y axes
from present position, program as

F1024 ;Define Feedrate

CIRCLE 0 ;Define whether the motion is CCW or CW.
RX=1000 s:Define X Radius

RY=2000 ;Define Y Radius

X1000Y2000 ;Define Final Arc Point.

DIVIDE n - Divide the next move into n equal parts, if the length of the move is not

divisible by n, the remainder is carried along so that the total move distance will be
correct. if the move following the DIVIDE instruction is a circle, then the circle will be
divided into n equal parts. However, the motion between the equal parts will be linear
and not circular. The range of n is 1 to 65535.
Note: If the Run "R* command is used to execute the "DIVIDE" command, the divide
‘function is defeated since motion will occur continuously and will not stop at the
division points. Therefore, use the Step "S" command or mput when executing the
"DIVIDE" command.

POT nn -~  Feedrate Override, this instruction has the same effect as the On-Line %
Command. The range of nn is 0 to 65535

SLEW mm -- Feedrate Slew Control. Equivalent to the direct command , * %nn,mm".
Range of nn is 0 to 65535, and default is the value of i07, or 65498. And mm is a
slope increment number added to feed rate each servo cycle. Its range is (0 - 65535),
and Default is 256, or 1/4 second. The feedrate change can thus be rate controlled
from 1 millisecond to approximately 65 seconds.

nn
%= x 100
i07
See % command for detailed description.

5.3 Motion Instructions

HOME -~  Go to Home position. Upon HOME command, shaft moves to the direction
defined by i24(Set Home Direction), with the speed defined by i04 (Home Feedrate)
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until corresponding switch conditions (set by i26) are met. SMCC then moves to offset
position defined by i25 (Set Home Offset) from that position. Moves based on the
home position can still be made using the AX and AY instructions.

The X and Y axes may also be individually commanded to go to home position by
using the "HOME1" (X axis) or "THOME2" (Y axis) Commands.

DWELL nn — Stop and hold position for nn/1024 seconds.
Range is 0 to 8 million (2**23-1).

Xnn [Ynn] -- Move X[Y] axis to the encoder counter nn position relative to position wo,
Absolute Move).

The unscaled range is - 67108864 to 6‘710886_3.

AX nn [AY nn] -- Move X[Y] axis to the position an units from Home or initial zero position.
(Absolute Move relative to Home.)

The unscaled range is - 67108864 to 67108863.

U nn [V nn] -- Move X[Y] axis nn encoder counts from the current position (Relative Move).
The unscaled range is - 67108864 to 67108863. .

WX nn [WY nn] -- Wait time (no move) equal to equivalent time fo move. Active for single
or dual axis, linear or circular moves. The wait times are proportional to the F, % and
i06 values.

The unscaled range is - 67108864 to 67108863

NOTE: The WX and WY Commands are useful in multi-axis SMCC system
programming when an axis on the same or another SMCC card must wait precisely for
the duration of another axis motion. The WX and WY Commands will maintain
correct timing even when the feedrate or % Commands are used to alter the velocity of

the moving axis.

:d Th:smsu'ucuoneanbeaddedtomeendofanymouonmmuon X,Y,AX,AY,U,V)
to define parabolic move with ending velocity d. The value of d has the same meaning
as in the "F d" Command (i06 * d/1024 cts/sec). If d is 1024, then the velocity is
i06 lines per second. The range of d is -8388608 to 8388607. If :d is used in a
command, F and T are inoperative for that command, and the move is executed in
*t* time.

WUT Wait Until Trigger (Parabolic version 2.78 and newer), The SMCC takes il12 time after
it received a "S" (step) or "R" (run) command before a motion command is sent to the
amplifier. This is undesirable in some applications. The "WUT" command is
specifically designed to provide a means to overcome this problem and make it possible
to start motion nearly instantaneously by transporting the required calculation time to a
more convenient time where motion does not have to start.

"WUT" is a buffer command and can be used between buffer mstrucuons, but only
when velocity is known to be zero. The reason for this restriction is that "WUT"
actually causes the % feedrate to be instantly set to zero.

[Example 5.12]

;"S" (step) command is issued

- 5.10 -




X5000 iMove starts but ends abruptly because
WuT jWUT is executed at the beginning of decel.
X10000 ;This move is calculated but not executed.

Above example explains that a *S* command will cause a very abrupt stop during the
X5000 move since the end of the move is actually the beginning of the deceleration
point, where velocity is still high.

The "WUT" should therefore be used only when there is no motion (velocity is zero).
For example:

: ,-"é" (step) command is issued
X5000 ;Move completes then "S" issued again
"DWE 20 ;Dwell is completed, "sS" issued again

jUse a dwell of at least 20 to provide
;jenough calculation time.

- WUT /% is set to zero, X10000 move is calculated,

;but not executed.

X10000 .71X10000 move can be started by issuing a
strigger pulse at the SMCC's Y user flag
sinput. Motion will start within one to
jtwo msec. after trigger is received.

This sequence would work correctly, and not cause any unwanted. jerks since the DWE
20 (DWELL) forces the X5000 move to be completed and then allows the "WUT" to
be executed. Note that if instead of "S" (step) commands, a "R" (run) command was
used at the start of the sequence, then X5000, DWELL 20, and the WUT commands
would execute automatically and the X10000 move would be precalculated and ready
for execution using the Y user flag input, or if preferred, by seading a "CNTRL R"
command via RS232, the parallel port, or the "bus® as the case may be, since the
"CNTRL R* command automatically sets the value of the % command to 65498 (the
value of i07) and thus cavses the move to occur at full speed.

To summarize the "WUT" command’s function:

1) Itisabuffucommandandmouldbeusedatapointinthepmgramwherevelocity
is zero to avoid instantaneous velocity change. Its function is to calculate the
mceedingmoveandpassingtheresumwthemomuﬁnethusmakingitmdym
make a move, while at the same time automatically setting the value of "%" to zero
and preventing the motion from actually occurring.

2) To activate the "WUT" command (cause it to precalculate the next move), a “S*
(step) or "R" (run) command is required, either via communication or control panel
input,

3) To cause the activated *WUT" command’s move to actually occur, use a hardware
input trigger at the Y user flag input  MACH Pin A10, use i26 to configure trigger
polarity, etc.) which causes the % value to be set to 07 (default 65498) instantly since
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the YUFL/input causes an interrupt at the CPU, Motion occurs within one to two
msec, of trigger reception.

Go Until Interrupt

This instruction can be added to the end of any motion or wait instruction
(X,Y,AX,AY,U,V,WX or WY) to define a relative move to be made after an X-axis
user-flag interrupt occurs. If the interrupt does not occur before the end of the move,
an error 5 is displayed and the motion stops. If a time was specified for the move, then
the time will be for the total move including the move after the interrupt. When using

timed moves, care must be taken to insure that the interrupt does not occur too close to -

the end of the move. The minimum time for any offset move will be the acceleration
time defined by the t instruction. The scale of d is always encoder counts and has a
range of -8388608 to 8388607.

(Parabolic version 2.78 and newer) Triggered Move Calculation Time

In normal operation, the SMCC uses an i12 time of 20 to 50 msec. or more, depending
upon the application. The go until command **" currently uses i12 time to calculate its
new destination after the external trigger is received. The "tt" command is specifically
provided for setting the calculation time of the "“* command, and is used as a "buffer®
command by the SMCC.,

Upon power on or reset, the value of i12 is copied into "tt", subsequently the program
can set the value of “{t" to that appropriate in the application. For example, “t125" sets
the "** command calculation time to 25 binary msec. or (25 x 1000)/1024 msec. If
"tt" is not used, its value wil remain that of i12.

The minimum allowable value for "tt" is 10 msec. A value of 20 msec. is
recommended for general purpose use. Please note that if heavy use of background
time is made, either becaise of multiple PLC statements or other reasons, the "tt" time
may have to be extended.

CAUTION - Erratic motion may result if too small a value is used for "tt"

(Parabolic version 2.79 and newer)
Altered Destination Move In MDI Mode

Sometimes when commanding moves for immediate execution, it is desired to break
into a move before it is finished and give the card a new destination, This can be done
by commanding the new move preceded by a lowercase "q." As soon as SMCC
receives this new command, it will start calculating the altered trajectory to the new
destination. It will begin this altered trajectory i12 time after receiving the command.

[Example 5.13]

io21 ;MDI mode - execute moves immediately

F100

X10000 ;start move toward X = 10000

gX-5000 ;If issued while previous move is still
;executing

;this will cause SMCC to break into that
;smove and alter the trajectory to proceed
;to this new destination
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DLY nExecute a delay time (no programmed move) of n/1024 seconds.
This command is essentially equivalent to using the commands *T n* and "U 0, except
that it does not alter the current T value. The delay time starts at the deceleration point
of the previous move segment, and the t time for deceleration is included in the delay
time, so the next time at zero velocity is n - t. If the delay time is shorter than the t
time, it will take t time to execute, providing only the deceleration to zero velocity,
with no net time at zero velocity.

5.4 Hands on Application Program

[Example 5.14] Usage of Buffer Instructions

2 iThis command empties buffer for main program
;znn command will purge buffer and reserve space
;for nn program steps.

z ' ;Reset Current position to Zero.
i381:1.0 ;Default Positional Scale
io2 1 ;Specifying i02 = 1 makes Buffered instructions

;processed immediately.

iNote that this parameter is automatically resets
ito 0, after "Q", or "S" command is given.

;As well as "i02 0" command.

F1024 iFeedrate(Speed) Instruction. Actual Speed is
;for Fnnnn,
H nnnn
;jSpeed = 106 x (Count /Sec)
; 1024
i

" jProgrammed Move after this instruction will be
;executed with this speed.
iSpeed will be same as Reference speed
;set by i06
X10000 iMove to 10,000 counts position (regardless of
scurrent position. X specifies absolute position.
U10000 iMove 10,000 counts from current position
;U specified relative distance.
Xo iMove to Zero position.
io2 o 7iNow Buffer Instructions will be stored.
;Type above Commands once more. They
;will not be processed, but stored.

F1024
X10000
U10000
X0 :
END ;This instruction specify the end of Progranm
LIST ;List the entered program for verification.
+1f not correct, enter "z" command and rewrite the
;program. '
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i38 500:10.1

LIST
i381:1.0

;RUN Direct Command. SMCC will process stored
;program step by step automatically.

;This has same effect as pressing RUN button,
;from the front panel.

;When i38 parameter changes, Parameters in
;Buffer Program are also changed.

;Verify which parameters are changed.

;Change back! '

[Example 5.15] Time Specified Move, and Fictitious move

Assuming cn = 2000

~ 106 60000
ios 1024

Following

trajectory

T 5120

time

X100000

DWELL 1024
X150000

DWELL 2048
END

F 341

t 1024

U 100000

DWE1024
F170

(1800 RPM)
(1 sec.)

two programs will give almost identical motion

;*** Time Specified Move ###*

;start from Position Zero

;Move will be finished in 5120/1024 Seconds.
ijNote that specified time is from start to
;end of constant velocity move. So actual

;will be 5120/1024 + Deceleration time.
$100000 count distance will be moved

;in 6 seconds (5 + 1 Decel time)

:Speed will be 100000/5 = 20,000 Count/Sec.
;Pause 1 sec

;This time, 50000 count distance is

;moved in 6 seconds. So speed is in half the
;previous move.

;Pause 2 sec.

H LA Feedrate Move #a#%

;Start from Zero

:Now go back to Feedrate Mode

;1/3 of Full Speed

;t instruction specifies accel/decel time
7like 108 command.

;time unit is in 1/1024 sec. (roughly
;in millisec.)

;remember, this is a relative move
sMove 100000 counts backward.

;This time, accel/decel in 0.5 seconds.
;with full Reference speed.

;Reduce Speed in Half
- 5.14 -



U 50000

WX160000 ;Wait amount of time corresponding to execute .
7X160000 (10000 Move)

END ;End of Program

T instruction is vety convenient in programming multi-axes synchronization, because
programmer does not have to calculate speed of each axis.

(Example 5.16] More Instructions, Loop Definition

A Loop can be defined by FOR -- NEXT instructions. 2a
program block inside loop will be executed as many times as
defined in FOR instruction.

HOME 1Go to Home Position :
iNote that small "h" is the corresponding
;Direct Command.

F 1024 ;Set Speed.

FOR 3 iStart of a Loop. Do this block 3 times. -
i (FOR 0 lets program in infinite loop.)

DWELL 1024 iWait 1 Second (Time unit is same as in T
;command)

AX1000 sAbsolute move from Home Position.

AX0 ;Go back home.

NEXT ;End of FOR loop

END .

[Example 5.17] Usage of Subroutine

Subroutine is defined by starting with a Label command (L nn) and ended with
RETURN instruction. Up to 64 (LOO - L63) subroutines can be defined. A subroutine
may contain any number of program steps, it can be nested up to 16 levels deep.
Program execution is jumped to a subroutine with GOTQ or GOSUB command.

;This is main prbgram

F 512 ;Speed Definition
GOTO + 01 sRelative Jump .
U10000 sBecause of GOTO + 1 Command,
jthis instruction skipped.
U20000 sMove 20000 counts
GOSUB 00 iGo to Subroutine 00 and come back.
DWELL 1024 ;Wait 1 second.
GOTO 00 ;Go to Subroutine and END at RETURN command.
;Do not come back.
END 7End of Main Program
[
;Subroutine Starts Here.
LOOF1024 ;Definition of Subroutine 00.
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;and Speed Declaration

X0 ;Go back to Position 0.

GOSUB 63 ;Subroutine Call inside a subroutine
RETURN " ;End of Subroutine 00.

L63RET "iDummy Subroutine

[Example 5.18] Dual Axis Coordinated Motion
SMCC can control two axes if Brush type DC motor is used. Y axis motion instructions
Ynn, Van, AYnn (Corresponds to Xnn, Unn, AXnn) can be used in this case. Note
that since execution of the next block is started when current motion starts decelerating,
following example draws a square with round comer.

(Example 5.18a]

Z . jNot a Buffer Instruction. ‘Sets current Position

|
1
1
i
1
i
_ 1 Zero. l

F 1024 ;Feed rate Haximum @

Y 25000 ;Move Y axis (Path 1) ((1) =\ I

X 50000 ;Move X axis -(Path 2) o % 3)

Y -25000 ;Back Y axis  (Path 3) | I

X0 ;Return X axis (Path 4) Lm ) l

Yo ;Ratui'nl Y fxis {Path 5) (4)

END ;End of Program . l
i
|
|

| i
i
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To draw sharp corners, DWELL 0 (Wait 0 seconds before next
move) instruction may be inserted to force next move only
after the previous move of the other axis is finished.

[Example 5.18b]
F 1024 ;Feed rate Maximum.

Y 25000 ;Move Y axis (Path 1)
DWE 0
X 50000 ;Move X axis (Path 2)
DWE 0O
Y -25000 ;Back Y axis  (Path 3)
DWE 0

X0 sReturn X axis (Path 4)
DWE 0 .

Yo jReturn Y axis (Path 5)
END ;End of Program

[Example 5.19] Double Axes Instructions

(2)

(1)

0¥ (3)

(3)

(4)

To execute motion at the same time, double command can be used as in this example.
In this case, defined speed is the speed of diagonal movement. SMCC will calculate
speed of each axis, so that two axis motion is finished at the same time,

Fl1024 ;Full Speed
X 10000 Y 10000 . ;X ¥ axes move simultanecusly. (1)
' . 745 degree diagonal Motion.
U 10000 V-10000 jRelative simultaneous Motion (2)
DWELL 1024 ;After motion finished,
X0 ;Move X axis Back (3)
DWELL 0 :
¥ 10000 iMove Y axis Back (4)
END :
Y+
10, 000 4~
® @
— X+
0 €)] 20, 000
\
~10, 000 <+ @
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[Example 5.20] Elliptic Motion.

Elliptic motion can be defined with two principal radii.
Following example draws an ellipse.

F 100 ;Define 1/10 Speed

CIR 1 ;Define Counter Clockwise Direction
RX = 25000 ;Define X radius

RY = 50000 ;Define Y radius

U 50000 ;Move to 180 degree point.
U =50000 ;Move back
END
Y
50, 000
t X
25, 000

[Example 5.21] Multiple SMCC Coordinated Motion

Suppose A0 and A1 cards are connected in paralle! to the host computer. Knowing that
Card address command can be placed anywhere in the instruction, to draw a diagonal
line,

AA ;All card addressed

2z ;Clears all buffers

T 2048 ;Timed Move in 2 Seconds.

A0 X 10000 Al X 5000 ;X Y axes move simultaneously.

;26.5 degree diagonal Motion.
A0 U 10000 Al U-5000 AA ;Relative simultaneous Motion
END

A0 LIST ;Verify A0 Program



- _ "
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Al LIST ;Verify Al Program
AA R - RUN

(Example 5.22] Variables defined Directly.

Variables can be defined later with direct command.
Consider the <following short program.

T10240 ;Move in 10 second.

U(P0S) ;to the amount defined by P0S5.
END

To run the program, you can issue commands as

P05 ;Direct command to ask stored definition.

P05=500000 jDirect Command to define Variables.

Px ;Will List whole 15 variables with stored
' ;jparameters.

R - ;Run command.

Many Instructions allow use of Variables instead of Constants. Also some arithmetic
capabilities in using Variables are possible, i.e.

F(PO1 + P02)
U(PO1 * P02)
AX(PO1 / P02)
T(PO1 + P02/P03)

[(Example 5.23] Machine Input/Output Functions

SMCC supports multiple number of M-function I/0's to interface with environments
like limit switches, status of other equipments.. etc. SMCC defined M-function I/0
hardware as follows.

MOl ;Machine Output #1 (MAO1)
M02 ;Machine Output #2 (MAO2)
MO3 ;Machine Output #3 (MAO3)
M04 ;Machine Output #4 (MAO4)
MO5 ;Machine Output #5 (MAOS)
M1l ;Machine Input #1 (MAIl)
M12 ;Machine Input #2 (MAI2)
M13 ;Machine Input #3 (MAI3)
M14 ;Machine Input #4 (MAI4)
M15 ;Machine Input #5 (MAIS)
M16 ;Machine Input #6 (MAIG6)
M17 ;Machine Input #7 (MAI7)

Following instructions are one of the possible usage for Mnn
variables.
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GOTO+03 IF M13

RESET 02
DWELL 1024
GOTO 05
SET 01
DWELL 1024
LO5

=0 ;If M13 is FALSE, skip

;next three instructions and go ahead.
;O0therwise, execute next instruction.
:Turn Off M02 (M-function Output #2)

[ ]

;Goto Subroutine 05

;Turn ON M01 (M-function Output #1)
:Wait 1 Second

[Example 5.24] Processor Address Definition (Bits and Bytes)

By using Cnn and Mnn definitions, any meaningful address can be defined and used in

the program. For example, Corresponding definitions for MO1 (M-function output #1,
bit5 of address ff01) is

co1 = ££f01
FFOl

MOl = C01.5
SET CO01 = f£01

SET M01=C0l1.5

;Definition by Direct Commands.
;Define CO01 variable as SMCC memory address

;M01 is defined as bit 5 of that address.
;Definition inside Program

;Define CO1 variable as SMCC memory
;address FFOl.

;M01 is defined as bit 5 of that address.

As you can see, you have to know memory addresses and bit positions of individual
functions to define. See Appendix for details. Note that since CO1 - C05, M01 - M05
and M11 - M17 are already defined internally for M-functions, it is recommended not
to overlay these definitions for different usage.
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6. PLC Programming

The PLC (Programmable Logic Controller) instructions are for the purpose of allowing the
execution of instructions in conjunction with the SMCC’s normal sequence. PLC program can
not directly perform any motion, but it can change variable parameters by logical comparison
of Position, Velocity, following error, and variable parameters (Mnn, Cnn, Pnn). . SMCC can
add more powers in many applications with proper utilization of PLC Programming.

The advantage of the PLC program is that it has an IF-THEN-ELSE structure and can perform
execution on an asynchronous and continuous basis, without affecting normal buffer program.
PLC Programs are active at all times, even if a motion program is not being executed.

To enable PLC Program set i62 to 1 (Parabolic), default is PLC disabled.

6.1 Direct PLC Commands

PLC -- List PLC Program
Similar to LIST Direct command. It lists all stored PLC program lines on the terminal.

PURGE - Purge PLC Program

This command deletes PLC program stored in memory. PLC program cannot be edited. To
modify PLC program, "PURGE" it, and reload modified program. To expedife program
editing, Invokes SMCC MONITOR Program and use its built-in full-screen editor

6.2  PLC Buffer Instructions

IF Condition -- Start of Condition, see Note 1

THEN Action - Do this if condition true, see Note 2°

ELSE Action - Do this if condition not true

AND Condition/Action - AND previous condition or Action

OR Condition/Action -- OR previous condition or Action

END - End of PLC program

A nested IF-THEN-ELSE can construct even more complicated PLC program. In general,
PLC branches can also be constructed by using AND IF, THEN IF, ELSE IF.

The IF statement places SMCC automatically in PLC programming mode.

A bad PLC program will trap SMCC, it is best to save PLC programs in EAROM only after
they have been fully debugged.

Every IF condition requires a THEN statement or THEN IF statement to close the PLC
branch. If none of the ELSE statements require an action, the ELSE statement may be omitted
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and SMCC will add them automatically, However, if one of the ELSE statement requires an
action, then all the previous ELSE statement must be entered in order to properly execute the
PLC Program (See example 6.3). -

AND statements can be used in conjunction with a THEN statement to define multiple actions
to be taken when the IF condition is satisfied. They can take any of the actions that a THEN
statement can.

An AND statement coupled with an IF-type statement carried a
condition with it, not an action.

Following are valid PLC instructions,

IF CO1 = 10
THEN P03 = 1024
END

IF FEX > 2000
- OR VX < 20000
OR P05 = 2048
THEN P05 = P05 + 2048
AND MO6 = 1
ELSE P05 = 1024
AND I08 = 256

END

IF MO1 = 0 "~ ;If MO1 and M02 are true, then
AND M02 = 0 :

THEN 102 =1 ;Sets 102 parameter to a 1

AND SEND "MDI__MODE" |
;this message is sent to the host and
;printed on the screen.

"AND "iol50" ;Note that i parameters may also be
;jchanged by sending an on-line command
;as well as using "I", as seen above.

AND C15,4 = C15 + 15000

ELSE....s

Notes (1) Condition F .

(@) Mnn = 0/1 depends of the status of M-function I/O. nn = 0 to 63.

() Cnn = vv depends of the byte value vv of SMCC address defined by Can = (or SET
Cnn=) command. nn = 0 to 63, vv = 0 to 255.

(¢ Tn =0 True if timer, n = 0-3, has counted down to 0.

d XXXXCVVvVY
Where C can be one of the <" or ">"., C evaluates the value of XXXX and
compares with data VVVV. VVVV = +/- (2**31-1) and XXXX takes the format as
following:
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cnn,m nn = 0-63, m =1-4, m bytes of data defined by Cnn.
AX/AY X or Y absolute position

VX/vY X or Y velocity value

FEX/FEY X or Y following error

Pnn Pnn parameter value

for example L

IF P6>4 ;these statements check the equality Pé=5
AND P6<6 ;which should not be coded in PLC programs
THEN .. jdirectly

Note (2) Action Formats:

@
(b)
©
(d)
©
®
(®
(h)

()
@
k)

)

Mnn = (/1

Set or reset M-function output.

Cnn,m = Cnn,m +/- VVVV

Add a constant VVVV.

Inn = VVVV

Modify i parameter.

Pnn = Cpp,q

Assign or modify a variable with address data.

Pan = VVVV .
.Ammylornuxhﬁrwnhconﬂmm

Pnn = Pmn +/- VVVV

Increment or decrement Pnn by VVVV,

Cnn,m = VVVV

Set memory location Cnn, m bytes to a value VVVV. m = 14
SEND "Message"

Any ASCII character except the " spaoe character may be included in the message,
which must be enclosed by quotation *. Message cannot exceed 40 characters
"Command”

Typical commands would be "q" or InnVV ... efc.

Tn=8SSS

Assign timer n, n = 0-3, data SSSS has range of 0-65535.

Pn =ATAN (value)

Assign the arctangent of value to parameter Pn, n =0 - 18,
VALUE must be one of the following:

(VX/VY) or (VY/VX) or (HX/HY) or (HY/HX) or

(AX/AY) or (AY/AX) or (FEX/FEY) or (FEY/FEX).

Pn= value

value must be one of the following:

AX, AY, HX, HY, FEX, FEY, VX, VY.

where:

AX, AY: Present absolute position referenced to the most recent power-on, reset, or
home position.
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HX,HY: Most recently captured position referenced to previous power-on, reset, or
home position.

FEX,FEY: Present following error.

VX,VY: Present velocity,

A possible use of ATAN is to calculate the velocity vector of the X & Y axis on one SMCC
and send the result to another SMCC so it can use the angular value as a command to orient a
"Cutting Knife" on the Z axis in the proper direction, always pointing in the velocity vector
direction of the X and Y axis.

note (3) Timers usage:
' 'I'heSMCC'sPLChasfourtlmerportsm T1, T2, and T3.

andTl 1sapprox1mately23 Hz orapenodof43 69nullxseoondspercwn£andtheclockfor
the T2 and T3 is approximately 47 kHz or a period of 21.333 microseconds per count.

The format of the Timer Command is:

Tn= (DATA) where n is a number from 0 to 3 defining the timer to be used and DATA has a
range from 0-65535 and is the multiplier for the period of the counter. (DATA) may be
replaced by variable parameters (+/-P1), etc

To use the timers it is necessary to set a timer value first by specifying, for example T1 =
500. This sets the T1 timer’s Time Out value to 500 x 43.69 = 21.845 seconds and then test
for Time Out to occur by using:

IFTL1 =0
THEN:sceooo

Maximum time for TO and T1 is approximately 47.7 hours. For T2 and T3 it is 1,398
milliseconds. An example of how to use the timers to turn on outputs MO1 to M04 is shown
below:

IF P1>0 iSET P1 = 1 TO START CYCLE.

THEN T0=1000

AND T1=1000

AND T2=1000

AND T3=1000 7SET ALL TIMERS TO VALUE OF 1000 CYCLES.
AND Pl=0 /ONCE SET, PREVENT SETTING AGAIN.
IF To0=0

THEN MO01l=1 ;TURN ON MOl WHEN TO HAS TIMED OUT.
IF Ti=0

THEN M02=1

IF T2=0
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THEN M03=1

IF T3=0
THEN MO4=1 ,
ELSE

END

The timer accuracy depends upon the PLC cycle time and can be considered to be -0, + 3
Milliseconds max.

If it becomes necessary to examine the progress of the timers before time-out has occurred, the
following 2 byte memory locations may be read:

To LI N A ) ffoa

Tl LI N ) ffoe

T2 .... £f88

T3 .... ff8a
The values in the listed addresses will indicate the progress of the count down cycle.
6.3 PLC Program Examples
[Example 6.1] Interface with Main Program

;SMCC Buffer Program

FOR O ;Do Forever

F 1024 ;Full Speed

FOR 100 - ;Do 100 times

GOTO 03 IF(PO5 = 1) ;If P05 = 1, Jump to Subroutine
CIR 0 ;CW Circle

R = 10000 10f radius 10000

X 20000 ;First half-circle
X0 ;Next half-cycle

END

LOo3 ;Subroutine

HOME

RETURN

.¢PLC Program

IF M1l =0 ;IF MAIl1 is OFF

AND M12 = ¢ ;AND MAI2 is OFF,
THEN P05 = 1 ;Then change P05 to 1
ELSE P05 = 0 ;Otherwise, P05 = 0
END ;End of PLC Progran

[Example 6.2) COUNTER USING M-FUNCTION INPUT (COUNTER):

The counter is triggered on the trailing edge of M11 input.
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PURGE ;Clear PLC program
IF M11=0 ;Check if M1l switch is toggled

THEN IF M30=0

sM30 is used as flag to cause
;the Pl counter to only count
;jonce when M1l switch toggles.
iCheck if M30 flag is set

THEN M30=1 ;True, reset M30 flag
AND P1=Pl+1 ;Add 1 to P1 counter
AND "pP1" ;Display value P1 on the screen
ELSE H
IF Mll=1 ;Check if M1l switch is released
THEN M30=0 ;True, set M30 flag
AND IF P1>999 ;Check if P1 counter has
AND P1<1001 sreached 1000 counts.
THEN P1=0 ;True, reset counter
. AND SEND"1000-Counts"® ;Send a message to the screen
ELSE
END ;End of PLC program

[Example 6.3] Use M-FUNCTION INPUTS AS CONTROL PANEL INPUTS:

This PLC program uses M-function inputs M15, M16 and M17 as "Run", "Z" and *hX"
(home X axis only) Commands. TO ACTIVATE ANY OF THESE INPUTS, GROUND THE
INPUT, OTHERWISE, leave it open.

A0

PURGE ;Clear all existing PLC programs

IF M15=1 :Check if M15 switch is toggled

THEN IF Pl1<1 ;Check if send flag 1 is set

AND P1>-1

THEN"R" :True, starts continuous program
' sexecution

AND Pil=1 ;Reset send flag 1

ELSE ;

ELSE P1=0 ;Set send flag 1

IF Ml6=1 ;Check if M16 switch is toggled

THEN IF P2<1 ;Check if send flag 2 is set

AND P2>-1

THEN"Z" ;True, set X and Y position to 0

AND P2=1. ;Reset send flag 2

ELSE :

ELSE P2=0 ;Set send flag 2

IF M17=1 ;Check. if M17 switch is toggled

THEN IF P3<1 ;Check if send flag 3 is set

AND P3>-1

THEN P3=1 :True, reset send flag 3

AND"hX" ;Starts X axis on home cycle

ELSE H
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ELSE P3=0 ;Set flag 3
END {End of PLC program

[Example 6.4]

This example shows the usage of a PLC program and suggests a way to organize the writing of
PLC program. This example demonstrates the use of PLC for providing a function which
allows a single switch to be used as end of Travel Limit switch and as a Home switch for
precision zero setting. To do so, requires that the switch be wired to both the "Home Fiag"
and the "Travel Limit" inputs of SMCC.

This program uses of two servo status bits to determine whether to use the single switch as a
homing flag or a Travel Limit switch. This will be explained in the program commeats,

A0z ;Address Card & Clear Program Buffer

SET CO7=feb6 ;Define C07 to be address feba (Status Register)

SET Co8~ffca ;Define C08 to be address ffca. (Interrupt flag
;register)

SET M50=C07.4 ;Defines M50 to be bit 4 of feba (Limit status
;bit, bit High disables the limit.)

SET M51=C08.6 ;Defines M51 to be bit 6 of ffca (Interrupt

. ;status bit, low if enable).

HOM iStart a home cycle. Choose and set appropriate
iparameters for homing, 104 for speed, i24,25
;and 26 X axis, i44, 45 and 46 Y axis. Homing
;should be in a direction that will drive it
jtoward the limit switch that is wired to both
;the SMCC's "Home Flag" and "Travel Limit"

- - . _ ~ - - - - . . -
. .
-
g - - - g o e - . = =

;inputs,

STO ;STOP until "Run" or "Step" Command is received
;again.

FORO ;Start a Loop forever.

F1024 ;Set feedrate to 100%, this is the beginning of
;the motion program.

X100000 ;Starts a back and forth move of 100000 to 0 with
"7a one second Dwell at each end.

DWE1024 ;Wait one second.

X0 ;Return to zero.

DWE1024 jWait one second.

NEX +End of Loop.

END ;End of motion program. Note that a program "end"
;18 used for the program itself.
;At very end, another "END" is used for the
;PLC program.

A0 :

"PUR ;Address Card and Purge all the PLC progranms

;stored in the PLC buffer. If the existing
;PLC program is not purged, the new PLC
jprogram will be appended to what is already
;in the PLC Buffer.
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is20 jturns off the

~ jPLC so that while loading the PLC program
;it does not inadvertently create undesirable
;effects. Remember, that PLC is always active
junless turned off, and that i62 simply get
jexecuted on-line and are not stored in the
;sbuffer. The SMCC does turn off the PLC while
;a program is being loaded, but it never hurts
ito play it safe.

IFM51=0 iThe IF statement starts the first PLC Branch
jor statement which looks for condition M51i=0
jmeaning: Look to see if there is an interrupt
soperation in progress, (The Home Command sets
;jffca bit 6 low.) If there is, then set febé
;bit 4 high (M50=1) thus disabling the limit
;jswitches. (The bit automatically resets at
;the end of each command cycle thus re-enabling
;jthe limits.)

THEN M50=1

ELSE ;IF a home cycle is not in progress then do
snothing. If the ELSE is not typed in, sMce
;will automatically insert it.

END ;The END statement closes PLC programming. If
ithere are other PLC statements simply continue
swith an "IF" which opens a new PLC statement or
sbranch until all PLC statements are completed.

The following table shows the program alterations needed for Y
axis.

PARABOLIC SMCC
X axis Y axis
Limit Status feb6.4 feb6.4
Interrupt Status ffca.6 ffcB.6

Finally, a counter PLC program is constructed as follows:
;Counter, using M Function
;input. (counter)
;The Counter is triggers
;on the trailing edge of the

;MI1 input
AOPURGE jClear PLC program
IF M1=0 sCheck if MI1 is toggled

;M30 is used as flag to
;cause the Pl counter to
;only count once when MI1l

;toggles.
THEN IF M30=0 ;Check if M30 Flag is set
THEN M30=1 ;True, reset M30 Flag

oW G sy S
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AND P1=P1l+1 ;Add 1 to P1 counter

AND "P1"¥ ;Display value of P1 on
;the screen
ELSE ;
IF Mll=1 ;Check if MIl1 sw. is released
THEN M30=0 ;True, set M30 Flag

AND IF P1>999 ;Check if Pl counter has reached
AND P1<1001 71000 counts
THEN P1l=0 ;True, reset counter
AND SEND "1000~-counts™ ;Send a message to the screen
ELSE _
END 7End of PLC program
;Note that the counter may be
;preset by setting P1 to a
;starting value.
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7. APPLICATION PROGRAMS

[Example 7.1] Single Axis Torch Cutter

Suppose a SMCC system is installed to operate a Torch Cutter. Driving system includes a
Baldor motor to a gear train of 4:1, and a 5 pitch Ball Screw to convert to linear motion.
Motor has 500 Line encoder as feedback devices.

The application system has following requirements:

Maximum Travel Speed (No Cut): 180 IPM (Inches per Minute)
Cutting Speed: 45 [PM
Maximum Acceleration: 180 IPM/Sec. = 3 Inches/Sec.Sq.
Cutting width: 100 inches
Allowed Range of Working Position +150 mches -50 inches from Posmon Zero
Handshake:
M11 (MAI1): Feeder Ready Input (1=Ready, 0=Not Rcady)
MO1 (MAO1): Torch ON/QFF Command (1 =OFF)
M02 (MAO2): Raise/Lower Tip Command (1=UP)

0 O O R

_ - N -

FEED ¢

STEEL PLATE

-0 -5‘1 1000 408 ®

p—
L]

‘Pre-calculation

One Rev. = 2000 counts

One inch Move = 20 Rev. = 40000 Counts

Max. Speed 180 IPM = 3600 RPM = 60 RPS = 120000 Counts/Sec. -
Cut Speed = 45 IPM = 1/4 of Max. Speed

Accel Time from 0 - Max. = 1 Sec. (Co:mpondsto?;mchumove)
Travel during Accel to Cut Speed = 45/60 inch move.

O A0 O R

2. Alignment and Setup
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Position zero is set at the position indicated in the above diagram. Range of cutter operation
will be -5 to 105, to allow enough travel to accel/decel.

i38:40000:10000.4  ;Position in Inches

Set Position Zero
3. Progranm . ’
F1024 :Start Position
X-5.0
RESET 01 ;Torch ON
FOR 20 ;Number of Sheets to be cut
SET 02 ;Tip UP
F1024
X105.0 ;Move to Start Position
DWELL 100
GOTO-01 IF (Ml11l=0) ;Wait Until Feeder Ready
RESET 02 ;Tip Down
F256 ;Cutting Speed
X-5.0 ;Cut
NEXT
SET 01 : ;Torch OFF
END

[Example 7.2] Two DC Motors in Pick and Place Operation
Suppose a SMCC system is installed to control "Pick and Place” Robot Arm. The Robot is

configured as Two-dimensional Cylindrical Coordinate, and has a gripper to grasp and release
parts. Refer to following diagram.

o
CONVEYER A
PLACE
ROBOT B V| convevea 8
BOX
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Its task is to grasp a part from conveyer A, carry it to the top of box on another conveyer B,
and drop it. Necessary data for each axis are as follows.

X axis: Linear Motion
500 Line Encoder, 5:1 Gear and 5 Pitch Ball Screw
Y axis: Angular Motion

900 Line Encoder, 20:1 Gear Reduction

Also, the Robot uses following handshake signals

M1l (MAll): Part Ready to Pick up (0 = Ready)

M12 (MAl12): Box Ready (0 - Ready)

MO1 (MAOl): Gripper ON/OFF Signal (0 = ON)

MO02 (MAO2): Bell ON/OFF Signal (1 = ON)
Continuous - Job Done
Intermittent - Help

Programming requirements are as follows.

1.

X axis unit in inches, Y axis in degree.

Max. Speed motion when no-locad, 1/4 speed with load.
Rest Position is (25 in, 0 degq.)

Move to (100 in, 0 deg) to pickup parts.

Move to ( 50 in, 90 degy) to release parts.

System Setup - Assume that Initial .Setup and Tuning is
properly done with the following parameters.

i38 50000:10000:4 (X Unit in inch)

is8 72000:10000:4 (Y Unit in degree)

POl = 100 Job Order issued

Ref. Speed and Acceleration is set appropriately.

Program - After setting Absolute Position, and Job Count command, Operator can RUN
("R") the following program.

SET P03 = 0 ;Initialize Job Count
SET 01 ;jGripper Release
RESET 02 ;Turn OFF Bell
F1000 '
X25.0Y0.0 ;Move to Rest Position
FOR (PO1) ;Specified Number of Times
SET P02 = 0 ;Reset Time Count
F1000 ;Fast Speed
X25.0Y0.0 ;Go to Rest Position
DWELL 100
GOTO-01 IF(M1l = 1) ;Wait until Part Ready Signal Comes
X100.0 ;If Ready, Go there
RESET 01 ;Grasp it.
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F250

X50.0¥90.0
DWELL 500
SET P02 =

jWith Slow Speed
;Move to Destination

P02 + 1 ;Increment Time Count.

GOTO 00 IF(P02>20) ;If more than 10 sec. elapsed, Jump.
GOTO-03 IF(M12 = 1) ;See if Box Ready

SET 01
SET P03 =
NEX
F1000
X25.0Y%0.0
SET 02
END

LOO

FOR 0
SET 02
DWE1000
RESET 02
DWE1000
NEX

RET

;Release the Gripper
P03 + 1 ;1Increment Job Count

;Go Back to Position Zero
;Job Done Signal

;Subroutine 00 Intermittent Bell -

;Do forever
sON ] sec.

;OFF 1 sec. p

[Example 7.3] Serpentine Pattern

ﬂuspmgramdemonsuatetheuseofsubmunnewmuapennnepanemWMchm'hne

to circle” and "circle to line” connections.

A02100
F324
HOM

S U\,
8

AN O a mﬁ%

GO0, Sy
;Address card 0, clear buffer
;Feedrate
;Go home
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LIN

;Set accel/decel for 150 msec.
;Linear mode

X20000Y¥20000;Move X and Y to 20000 counts

DWE1024
SETO3,

DWE100
U9500
GOS00
GOsSo01
GOS00
GOS01
G0S00
GOS01
GOS00
GOS01
DWE100
RES01
DWE100
X0YO0
END

LOO
CIR1
R=1187
V2374
LIN
U-9500
RET

L0l
CIRO
R=1187
V2374
LIN
U9500
RET

jWait for 1 second

;Turn on M01, used as Pen Up/Down control

; (Pen Down)

iWait for about 100 msec for pen to come down
;Incremental move X to 9500 counts

;Call Subroutine 00

~ ;Call Subroutine 01

;Call Subroutine 00

;Call Subroutine 01

;Call Subroutine 00

;Call Subroutine 01

;jCall Subroutine 00

;Call Subroutine 01

;Wait 100 msec

;iTurn off MOl1 (Pen Up)

jWait for about 100 msec. for pen to go up
fReturn X and Y to 0 position
;End of program

;Subroutine 00, circular CCW mode.
;Set radius to 1187 counts.
;Incremental move one diameter
;Linear mode

;Incremental move X back 9500 counts
;Return to main program

jSubroutine 01, circular CW mode
;Set radius to 1187 counts
;Incremental move one diameter
;Linear mode

;Incremental move X to 9500 counts
{Return to main program

[Example 7.4] Thumbwheel Switch Application

Thumbwheel switch outputs are connected to SMCC's parallel port (Address FFB8H). Since
only two Thumbwheel switch outputs (BCD format) can be read at a time, connection must
have multiplexing capability if more than two digits are desired. SELO - SEL7 (Address

FFB9H) connections can be used for multiplexing purposes.

If thumbwheel switches with Diodes connected in series with each-BCD output are used, no
additional components are necessary in connecting up to 16 Digits of switches. Fig.7.4.1

illustrates Thumbwheel switch connection without any additional circuitry.
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If more than 16 digits are desired, connection can be made with additional circuitry illustrated
in Fig. 7.4.2. Depending on the application needs, user may design different decoders, or
multiplexer circuits. Up to 512 Thumbwheel switches can be hooked-up with necessary
decoders and multiplexers.

When Thumbwheel switch connection is made, proper program should be written to
sequentially read switches, process data and convert to variables. Example 7.4a, 7.4b give
you hints on writing Thumbwheel switch process routines for your own application.

Once Thumbwheel switches are connected, and programs are written, operator can set
parameters and press switches to run or stop without using any terminals.

[Example 7.4a] Speed (RPM) Control Using Thumbwheel Switch

Assume the motor encoder has 500 lines and use X4 multiplier, one revolution equals 2000
counts. Attaches three Thumbwheel switches (TS0, TS1, and TS2) to the circuits given in
figure 7.4.2 (use SELO and SEL1).

Writes data byte 00 to SMCC'’s output port at memory address ffb9 will select TSO and TSI,
writes data byte 01 will select TS2, Rotates Thumbwheel to get required RPM.

TS0 TS1 TS2
3 2 5 set RPM
1 2 0 set RPM

325
120

By fetching the data byte at SMCC’s memory location ffb8, you get the setting from currently
selected Thumbwheel switches. Since the initialization parameter i06 controls maximum
reference speed, as long as you assign Thumbwheel switches’ reading to i06 you will have the
RPM value ranging from 000 to 999. An internal conversion factor is required to scale the
reading from TS0 - TS2. Note the usage of mmAA,d and mAA,d (Chapter 5), The latter case
will be executed only when an instruction that sends data to Servo.

2000 (counts/second / 60 = 33 (apﬁrox. value)
120 RPM requires to set 106 = 120 x 33
325 RPM requires to set i06 = 325 x 33

AQz ;purge buffer
SET P06 = 33 ;conversion factor
SET P05 = 10 ;a multiplier
SET P07 = 0 ja temporary variable, it will prevent
smotor running at an intermittent value.
F1024 . jMaximum feed rate
FOR © ;jendless loop
GOSUB 00 ;jsubroutine to read RPM value
I06(P07) ;{SET RPM READ FROM THUMBWHEEL SWITCHES
X20000Y20000 ;Demonstration motions
DWELL 128
X0Y0
DWELL 128
NEXT
END
L0O ; SUBROUTINE 00
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SET €02 = f£fbg
mmffb9, 00

DWELL 50
GOSUB 01
SET P02=(P10 * PQOS)
GOSUB 02

SET P02=(P02 + P10)

SET P02=(P02 # PO5)

mmffh9, 01
DWELL 50
GOSUB 01
SET P02=(P02 + P10)
SET P02=(P02 * P06)

(‘
RET "\ sp1 po7=(P02)
Lo1

CASE 02, 10L
SET P10 = ©
SET P10 = 1
SET P10 = 2
SET P10 = 3
SET P10 = 4
SET P10 = §
SET P10 = 6
SET P10 = 7
SET P10 = 8
SET P10 = 9
RET

L02

CASE 02, 10 H
SET P10 = 0
SET P10 = 1
SET P10 = 2
SET P10 = 3
SET P10 = 4
SET P10 = 5
SET P10 = 6
SET P10 = 7
SET P10 = 8
SET P10 = 9
RET

;assign input port for Thumbwheel data
jselect TSO (low nibble) and TS1 (high
;nibble)

;jset some delay

;get low nibble, P10 contains the nibble
jmove one decimal position

;get high nibble, P10 contains the
:nibble.

;now, we get first digit and second
;second digit

;move one decimal positien,

;TS0 becomes hundreds and

;TS1 becomes tenths

;Select TS3 (low nibble)

;set some delay

jget low nibble, this is the last digit.
;add last digit to hundreds and tenths
;scale to counts/seconds.

;SUBROUTINE 01: Get low nibble
;10 selections

§SUBROUTINE 02: Get high nibble

[Example 7.4b] Speed and Job Number Control Using Thumbwheel Switch

Suppose a SMCC system is installed with 250 Line Encoder, and 30 Motor Revolution per
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Inch Linear transducer. One inch end-effecter motion will then correspond to 30,000 Counts
(x4 multiplication factor).
Variables vv, pp, and nn, which are to be specified by the operator are as follows:

A. Variable Specifications

vv: Velocity Spec. Range of 00 - 60 (Inches per Minute) corresponds to O to 30,000
Counts/Sec.

pp: End Position Spec. Range of 0 to 50,000 corresponds to 0 - 1,500,000 counts, indicating
to 50.000 inches of end-effecter position.

nn: Number of Times. Range from 00 to 99.

B. Motion Sequence
Start from Position Zero, Do Following Steps nn Times

Move forward to the position specified by pp with Max. Velocity (Specified by wv).
Wait One Second.

Move backward to Position Zero with 25% Speed of vv.

Wait One Second

Wait Until M11 Turns ON, and Give pulse to MO1.

C. Preliminary Steps
SMCC Variables are defined as follows, assuming that 138 (positional unit) is set to 1:1:0
POl = vv (Range: 00 - 60)

P04 = 500 Muitiplier to convert vv into Counts per sec. unit, To specify Max. Velocity, 106
(Set Reference Speed) is calculated by 106 = P01 * P04

P02 = pp (Range 00000 - 50000)

P05 = 30 Multiplier to convert pp into Counts unit. End Position will be calculated by P02 *
P05
P03 = nn (Range 00 -99)

D. Program with Thumbwheel Switches

Thumbwheel Switches are connected as in the following table. It displays a setup of 20 IPM |
Max. Velocity, End position of 15.925 Inch, and 50 Times of Task operation.

TS1 TS0 TS2 TS5 TS4 TS7 TS6 TSS9 TS8
2 0 1 5. 9 2 5 5 0
Bank0 Bankl Bank2 Bank3 Bank4
-Speed= @ 2= | <=~=m——ee-- Position-====——r=ce=- =No.Job-
Note:

1.  For Convenience, Decimal point is placed after TSS.

2. TS0 - TS9 are BCD Switches (0-9, BCD Complement Logic) with Diodes connected in
series. For Thumbwheel Switch Wiring, Refer to Fig. 7.4.2.

3  InBank I, only one switch is connected to DATQ-DATS3.

Main program calls a subroutine to read and process Thumbwheel switches. Subroutines L10
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SET P04 = 500
SET .P05 = 30
GOSUB 00

106 (PO1*P04)
FOR (P03)
F1024 .

X (PO2+P05)
DWE1024

F256

- X0

DWE1024
GOTO-01 IF (M11=0)
SET 01

RESET 01

NEXT

END

LOO

muffhbo, fe

GOSUB 11

SET P01 = (P10) ;
mmf£fb9, £d

GOSUB 10

SET P06 =100

SET P02=(P10 * P06)

mmffb9, £b
GOSUB 11

SET P02=(P02 + P10)
SET P02=(P02 * PO6)

mmf£b9 , £7
GOSUB 11 .

SET P02=(P02 + P10)

mnffbo,ef
GOSUB 11

SET P03 = (P10)
RET

L10

DWELL 50

SET C02 = ffb8
SET P10 = 0O
CASE 02, 10L
SET P10 = 0

and L11 read one or two digits of thumbwheeel switches, and these data are processed in
Subroutine LO0O.

ju——— Main Program
;Constants

;Read Thumbwheel Switches
;Speed Spec.

;Do nn times. P03 specifies nn
jMax. velocity

iMove to position specified by P02#P0S5
;Pause 1 sec.

725% Speed

;Return

jPause 1 sec.

jWait Until M11 is ON

:Give Pulse to MO1

;Subroutine to Process Thumbwheel SW.

iSelect Bank 0 (Velocity)
sRead Velocity

;Select Bank 1 (Single Digit, MSB)

;1Select Bank 2

;Select Bank 3 (LSB)

;Select Bank 4 (Number of Times)

;Subroutines to Read Thumbwheel SW. -
;110 Read One digit Thumbwheel Switch
;and store in P10

;Set some delay

iRead Parallel Port
iReset P10
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SET P10 = 1
SET P10 = 2

SET P10 = 3

SET P10 = 4

SET P10 = 5

SET P10 = 6

SET P10 = 7

SET P10 = 8

SET P10 = 9

RET

L11

DWELL 50

SET C02 = ffbs
SET P10 = 0
CASE 02, 10L
SET P10 = 0

SET P10 = 1

SET P10 = 2

SET P10 = 3

SET P10 = 4

SET P10 = 5

SET P10 = 6

SET P10 = 7

SET P10 = 8

SET P10 = 9
CASE 02, 10H
SET P10 = P10 +
SET P10 = Pi0 +
SET P10 = P10 +
SET P10 = P10 +
SET P10 = P10 +
SET P10 = P10 +
SET P10 = P10 +
SET P10 = P10 +
SET P10 = P10 +
SET P10 = P10 +
RET

To run the program, user first sets variables with Thumbwheel Switches, and issue "R"

10
20
30
40
50
60
70
80
90

;L11 Reads Two digit Thumbwheel
;Switches and store in P10

;Set some delay
;Read Parallel Port
;Reset P10

;Read Low Nibble

sRead High Nibble

command, or close "RUN" switch connection.

[Example 7.5] GLUE DISPENSER PROGRAM:

This program is used to put glue on four straight lines with an arc at the end of each line. The

part is rotated 90 degrees each txme glue is applied to one side.
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A02200

I150

F1024

FOR4
X34000Y10552
SETO01

DWE256
V750

U320
U-2638V21360
CIR1
R=2833
U~2925V2565
RESETO01
LIN

U-480

SET02
DWELLS1
RESETO02
X34000Y9732
DWE20

NEXT

X0Y0

END
AOPURGE

IF Mll=0
THEN M01=0
AND M02=0
AND 103=0
AN‘DIIQII

AND I15=1
AND"Dp"
.AND"h"

AND P3=1
AND 103=1
IF M13=0
AND P3>0
THEN I103=0
. AND "g"
AND I15=0
AND"h"

AND P3=0
AND I03=1
IF M14=0
THEN M02=1
AND T3=2390

;Clear huffer and allocate 200
;program lines in the buffer
;Enable Y axis

;Set feedrate to 100% of 106 value
;Start loop 4 cycles

;Move glue gun to starting position.
;Turn on M01 output which starts
jdispensing glue

;Wait for 256 msec.

sMove Y axis incrementally

sMove X axis incrementally
;Interpolated, simultanecus move
jCircular mode, CCW (arc setup)
:Radius

sArc destination, make the circular move
;Turn off glue

:Linear mode, cancel circular mode
;Wipe off glue tip by moving X axis
;Turn on chuck (rotate chuck 90 degrees)
;Wait for 50 msec.

;Turn off chuck (stop chuck)

;Move back to starting position
;Wait for 20 nmsec.

;End of loop, do this 4 times then
;move X and Y back to 0 position
;End of program

r

;Check if Emergency Stop is on
;True, turn off glue

;Turn off chuck

;Disable COMMUNICATIONS handshake
;Quit program

:Disable Y axis

;Set pointer to top of program
;Home X axis only

;Set flag 3

;Enable COMMUNICATIONS handshake
;Check if X home flag is on

’

:True, disable COMMUNICATIONS handshake
;Quit current move

;Enable Y axis

:Home both X and Y axis

;Resets flaqg 3

;Enable COMMUNICATIONS handshake

;Check if index chuck is on

;True, rotate chuck

;Cause the index chuck to stay on for
;51 msec.
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AND P5=1

;Set flag 5

IF T3=0 AND P5>0;Check if T0 is finished with countdown

THEN M02=0
AND P5=0
END

;True, turn off index chuck
:Reset flag S
;End of PLC program

[Example 7.6] Altered Destination On Trigger

This program shows how a SMCC can be programmed to begin a move and upon reception of
an external trigger, to alter its destination. The program is treated as a subroutine, which can

be invoked by a GOSO00 from the main program.,

GOS00

LOO
mffca,l

SET C20 ffca

SET M20 = C20.6

T50

Lol
Ul1000

GOTO1 IF(M20=0)

Pl=HX

Go to Subroutine 00

insert some statement

- g g W

;Subroutine 00 (Label 00).

;Enable interrupts so if a trigger is
sreceived by the "Home Flag" or "User
;Flag" on the X axis, the absolute
;position of X can be frozen and stored
;in the HX registers. Note that i26
;controls whether the "Home" or "User"
;flag will generate the interrupt and
;the polarity of the interrupt. For
sthe Y axis, the control register is
;£fc8 instead of ffca.

:Define C20 as the address of the
;capture register '
;Define M20 as bit 6 of ffca. When
;this bit is set true, interrupts are
;disabled. To re-enable interrupts, use
smffca, 1.

;Time mode moves, 50 milliseconds per
:block for all succeeding moves.
;Subroutine 01 (Label 01).

sMake an incremental move of 1000
;encoder counts.

;Go to Label 01 if interrupt has not
;occurred (trigger has not been
ireceived).

;This conditional statement causes the
;SMCC to keep returning to Subroutine 01
;to make continuous, incremental moves
;of 1000 counts so long as the trigger
shas not been received. This motion
;will go on forever until trigger is
;received.

;If interrupt has occurred, then set
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AX(P1 + P2)

RET

If you wish the trigger search to end at a certain position and not go forever, alter LO1 and add

L02 as follows:

Lo1
GOTO02IF (X>P5)

U1000

GOTO1IF (M20=0)
P1=HX

AX=(P1 + P2)

LO2
RET

;parameter Pl to be equal to the frozen,
;captured absolute position value of X
;at the time trigger occurred.

;It is important to note that if the
;interrupt occurs during the
japproximately 10 to 20 millisecond
;period preceding each move

; (calculation time), it will

;jnot be detected and calculated until
;the next move. Depending upon the
;joffset distance to travel, this may
;cause an overshoot and return to final
;jposition. The incremental move should
jtherefore be as small as practically
;possible. The Parabolic version
;actually allows you to specify the
;jcalculation time with 112, so that
;the "Dead Zone" can be precisely
ipredictable.

;jMake a move to absolute position

;of HX plus an offset move of an
;amount set by the value of

iParameter P2. Note that P2 can

ibe positive or negative.

;End of subroutine, return to main
;program.

;Subroutine 01 (Label 01)

;Go to Subroutine 02 if X position
;1is greater than Parameter PS.
;Otherwise, make an incremental
;move of 1000 counts.

;Loop on Subroutine 01 until
;interrupt occurs.

H

H

;Subroutine 02

;Return to main program

[Example 7.7) Multiple SMCC Sequencing Method

AAq

;Ssometimes it is necessary to have several
#SMCCs functioning together in a manner
;that allows various tasks to be sequenced
;from one card to the next. The method
schosen for passing sequencing information
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M02=0
M03=0
M04=0
M05=0
ii240
z100
A0GOS01
AAFORO
GOS20
AODWE19
GOS01
A1DWE20
GOS02
A2DWE21
GOS00
AANEXT
END
Loo
GOS16
SET02
SETO03
SET04
SETO05
DWE25
RES02
RESO03
RES04
RES05
RET
Lol
GOS16
SETO03
SET04
SETO05
DWE25
RES0Q3
RES04
RES05
RET
Lo2

;from one SMCC to the next is the use of
:the SMCC inputs on outputs. On each card,
;Input 1 and Output 1 are tied together and
:then they are tied to all the card I/O 1's.
;The same applies to I/0 2, 3, & 4. This way
;any card can output a sequence number from
;1 to 16 (4 bits) and any card can read the
;data. This example is written for 3 cards
;but up to 16 cards can be handled.

iClear all outputs

;Set servo calculation time to 40 msec
i1Clear buffer

;Start card 0

;Start loop

;Wait for Start Command
sAction for card 0

;Start card 1

;Action for card 1

;Start card 2

;Action for card 2

;Start card 0

sEnd of loop

;End of the program

;Start card A0

:Wait for all lines to be 1
;Turn on Output 2

;Turn on Output 3

;Turn on Output 4

;Turn on Output 5

jWait 25 msec

iTurn off Output 2

;Turn off Output 3

;Turn off Output 4

;Turn off Output 5
:Return, end of subroutine
;Start card Al

;Start card A2
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GOSE16

SET02

SETO04

SET05

DWE25

RES02

RESO04

RES05

RET

L16

GOT21IF04*15 jWait for all lines to be 1

DWE20 ;Wait 20 msec

GOT16 ;Go back to L1é6

120 |

CAS04,16L ;Wait for start code

- ;The "Case" Command is looking at

;jAddress 4 which is the location of
;the inputs, see memory map .
iThe input code that makes this
;jcard do something is "0", which
;makes the card execute the L21
;jroutine (a simple return in this
jcase).

A0GOT21 ;Card A0, 15 code "0", go to L21

DWE20 H 14 wait 20 msec

DWE20 H 13 wait 20 msec

DWE20 : 12 wait 20 msec

DWE20 : 11 wait 20 msec

DWE20 H 10 wvait 20 msec

DWE20 H 9 wait 20 msec

DWE20 : 8 wait 20 msec

DWE20 : 7 wait 20 msec

DWE20 H 6 wait 20 msec

DWE20 ; 5 wait 20 msec

DWE20 : 4 wait 20 msec

DWE20 ; 3 wait 20 msec

DWE20 ; 2 wait 20 msec

DWE20 ; 1 wait 20 msec

DWE20 : 0 wait 20 msec

A1DWE20 ;Card Al, 15 wait 20 msec

GOT21 ; 14 code "1", go to L21

DWE20 ; 13 wait 20 msec

DWE20 ; 12 wait 20 msec

DWE20 : 11 wait 20 msec

DWE20 : 10 wait 20 msec

DWE20 ; 9 wait 20 msec

DWE20 ; 8 wait 20 msec

DWE20 : 7 wait 20 msec

DWE20 - ; 6 wait 20 msec
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DWE20
DWE20
DWE20
DWE20
DWE20
DWE20
A2DWE20
DWE20
GOT21
DWE20
DWE20
DWE20
DWE20
DWE20
DWE20
DWE20
DWE20
DWE20
DWE20
DWE20
DWE20
DWE20
AAGOT20
L21RET

5 wait
4 wait
3 wait
2 wait
1 wait
0 wait
15 wait
14 wait
13 code
12 wait
11 wait
10 wait
wait
wait
wait
wait
wait
wait
wait
wait
wait
wait
Go back to L
Return

O NWLELOONM-Y OO

20
20
20
20
20
20
20
20

nsec
nsec
msec
msec
nsec
msec
msec
msec

"2l|' qo

20
20
20
20
20
20
20
20
20
20
20
20
20

nsec
msec
msec
msec
nsec
nsec
msec
msec
neec
msec
nsec
msec
msec

[Example 7.8] An Automated Encoder Line Counting Program

Count and display Encoder line number

Hardware Configuration:

1:
2.

3.

Parabolic SMCC.

to L21

Connect X-axis encoder C channel output (C/) to X-axis User Flag input, this input pin
can be accessed at Baldor’s SMCC Backplane TB1 pin 14.
Servo Gain been properly tuned.

I393
1267
F128
U5000°100

DWEl1024
SET P2=AX

jor I397. multiplied by 4, to ensure stability.
iset User Flag Control bit to UF falling

;define Feed Rate, avoid low value (such as F32).
jmove 5000 counts until interrupt.
jencoder C/). Once interrupt being sensed, motor
;advances 100 counts.
;Do not use U5000°0.
;If no interrupt take place within 5000 counts,
iSMCC show error code "5",
;5000 is bigger than an ordinary encoder's
tline counts,
;allows stable servo and following error die out.
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US000°100 ;We utilize two "U5000°100" commands to make a
;complete cycle.
;Do not use U5000°0 command so that a complete
;cycle is guaranteed.

DWE1024 sallows stable servo.

SET P3=AX

SET P3=(P3-P2)

SET P4=4

SET P3i=(P3/P4)

X=0

U(P3) ;LCD's reading equals encoder count.
END ~ +End of buffer progranm

Discussion: You can use PLC program to send P3 (the encoder count) to computer console or
simply type P3 to send value of P3.

Example 9: "S" Curve Accel And Decel (Requires Parabolic Option)

The program allows the user to utilize it as a means of making "S" curve accelerated moves.
Six parameters need to be passed to the program in order to make it function properly:

- -- --- = TIME ==========eeo--=-s -
gﬁgiag‘fsn -—Pf--— -I—PZ—-L—%——-L—P‘—- -—Ps—- PB SOEEION
FUNCTION [P (t)  [R(t)  {R(t) Rlt) |Rl(t)
TIME ty ta ta tq ts
POSITION Fy=0 Py Pa P Pe Ps=2P
VELOCITY V=0 Vy Vo Vo=V ~ Vy  V5=0
Parameters:

Pl Defines the time to the first velocity inflection point.
P2 Defines the time from the inflection point to the point where run velocity is reached.
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P3  Defines the run time.

P4  Defines the time from end of run position to decel inflection.
P5  Defines time from decel inflection point to end position.

P6 Defines total move distance.

The program is written so as to allow a completely generalized nonsymmetrical motion to
occur, Parameter definitions can be simplified if the application can use identical accel and
decel ramps and a symmetrical inflection point, in other words, P1 = P2 = P4 = P5 and by
adding the following to the beginning of the program:

SET Pl = VALUE
SET P3 = VALUE
SET P6 = VALUE
SET P2 = (P1)
SET P4 = (P1)
SET P5 = (P1)

Note: i06 must be set to 1024 in order to keep time scaling in lines/sec.

A move can then be made by defining P1 = inflection point time value in binary milliseconds,
P3 = run time value, and P6 = total distance value in encoder counts. The minimum time
that can be specified for any of the time parameters is 15 milliseconds. The advantage of "S
Curve” ‘acceleration is that it minimizes da/dt, rate of change of acceleration, also known as
“Jerk" and as a result provides much smoother operation and reduces wear and tear on
machinery.

A02100 ;Clear buffer

i061024 iSet feedrate for lines/sec.
SETC20=febd ;Set address for M20
SETM20=C20.5 iSet M20 to save data for plot
SETP12=(P1+P2) ;P12 = t1+t2

SETP14=(P4+P5) ;P14 = t4+ts

SETP7 =(P1*P1l) iP7 = tlat]

SETP11=(P5*P5) ;P11 = t5%t5

SETP8 =(P12+P2) ;P8 = tl+2#t2
SETP10=(P14+P4) ;P10 = 2#t4+t5
SETP13=(P8+P10) ;P13 = t1+2%t2+2%t4+t5
SETP13=(P13+P3) P13 = tl+2%t2+t3+2%t4+t5
SETP13=P13+(P3+P3) ;P13 = tl+2¥t2+3%t34+2%t4+t5

SETP12=(P12#P13) ;P12 = (t1+t2)*(t1+2%t2+3%t3+24t4+¢5)
SETP14=(P14%P13) ;P14 = (td+t5)*(t1+2%t2+3%t3424L4+L5)
SETP7=(P6%P7/P12) ;P7 = DP1=DP*t1*tl/(tl+t2)#
: ; (E1424243 4834244 +E5)

SETP11=(P6*P11/P14) ;P11 = DP5=DP*t5+t5/ (t4+t5)*

7 (E142%E2+34t342%4+5)
SETP8 =(P6%P8/P13) ;P8 = (DP1+DP2)=DP#*(t1+2%t2)/

7 (E1+24E2+3%E342%E44L5)
SETP10=(P6*P10/P13) ;P10 = (DP4+DP5)=DP*(2*t4+t5)/

; (E1+2%E2+3%E34+24L4+L5)
SETP9 =(P8+P10) ;P9 = (DP14DP2) + (DP4+DPS5)
SETP9 =(P6-P9) ;P9 = DP3 = DP-(DP14DP2) - (DP4+DPS5)
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SETPS =(P8-P7) ;P8 = DP2 = (DP1+DP2) - DP1
SETP10=(P10-P11) ;P10 ='DP4 = (DP4+DP5) - DP5

SETP15=1024 ;Time scale in binary msec.
SETP13=(P154P9/P3) ;P13 = V2 = V3 = DP3/t3
SETP15=3072 ;3*Time scale in binary msec.

SETP12=(P15*P7/P1) ;P12 = V1 = 3#DP1l/t1
SETP14=(P15*P11/P5) ;P14 = V4 = 3*DP5/t5

FORO ;Start loop

STA ;8tart run mode

SET20 ;Start data store

t(P1) :1tl = P1

U(P7) : (P12) ;DP = DP1L = P7 : V = V1 = P12
t(P2) ;jt2 = P2

U(P10): (P13) ;DP = DP2 = P8 : V= V2 = P13
t(P3) ;€3 = P3

U(P9) : (P13) ;DP = DP3 = P9 : V = V3 = P13
t(P4a) 1td = P4

U(P10): (P14) ;DP = DP4 = P10: V = V4 = P14

t (P5) ;t5 = P5

U{(Pl1l1): O ;DP = DP5 = P11: V = 0

STO ;Stop

STA ;Start run mode

SET20 ;Start data store

t(P1) jt1 = P1

U(-P7) : (-P12) ;DP = -DP1 = -P7 :V = =V1 = =P12
t(P2) ;t2 = P2

U(-P8) : (-P13) ;DP = -DP2 = -P8 :V = -V2 = =-P13
t3(P3) ;83 = P3

u(-p9) : (~P13) ;DP = =DP3 = -P9 :V = =V3 = -P13
t(P4) ;t4 = P4

U(=-P10): (~P14) ;DP = -DP4 = -P10:V = -V4 = -P14
t (P5) ;t5 = P5

U(-P11):0 :DP = -DP5 = ~P11:V = 0

STO ;8top

END ;:End of loop and program
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8: TECHNICAL INFORMATION

This chapter outlines some important features provided by Parabolic SMCC.
8.1 Parabolic Profiling

The term "parabolic” refers to the Parabolic SMCC's capability to generate parabolic
(quadratic, or second-order) velocity proﬁles, which yield cubic (third-order) position
trajectories, Third order in trajectories gives Parabolic SMCC much greater flexibility for
blending of moves, smooth starting and stopping, and close control of the path of movement.

Even when executmg lower-order trajectories, Parabolic SMCC generates the trajectories
internally using third-order position equations, the low-order trajectories (e.g. trapezoidal
moves) just being special cases of the general equations. For instance, a standard pomt-to-pomt
move of time T’ from point A to point B with acceleration and deceleration times of 't’ is
broken into three parts: accel, slew, and decel. The acceleration portion lasts for time °t’,
with constant acceleration (dA/dt=0) up to the slew speed. The slew portion has constant
velocity (accel=0; dA/dt=0) up until time 'T* (duration T-t), and the deceleration portion
slows down at a constant rate to zero velocity at point B and time *T+t’ (duration t). All the
key factors in the equations are calculated automatically.

It is important to note that the trajectories described in this section are all commanded
trajectories, not necessarily the actual trajectories that the system will follow. It is up to the
feedback and feedforward parameters, and the physical plant itself, to ensure that the actual
movement of the system is as close as possible to the mathematically generated trajectories. It
is very easy to generate a command trajectory that the plant is incapable of following, and this
must be guarded against in writing any motion program.

There are two ways to generate parabolic velocity profiles on the Parabolic SMCC:
Directly, and
Through the use of CIRCLE4 mode (also known as.S-curve or three-point smoother
mode).

First, we will discuss the direct method of specifying these profiles.
8.1.1 Direct Specification

Because there is an extra order in parabollc proﬁles, the user must speclfy an addltlonal
constmmt to deﬁne the move, 'I'herefore : , jon 2 ifica

constramts of time for the move, d position and veloclty that were speclﬁed for the move
segment, plus starting position and starting velocity, the card will calculate the umque cubic
position trajectory necessary to meet the constraints,

The basic command format is as follows:
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t1024 ;specifies the time for the move
X10000:1024 ;specifies end position and velocity

The small-t time specifier is the same 't’ that sets the accel and decel times for non-parabolic
moves. For parabolic moves, it sets the time for the entire move segment. One °t' specifier
can define the time for more than one move segment. As in other time specification, the units
are ’binary milliseconds’(1/1024 sec), so above example specifies a move time of one second.
T’ and "F’ settings do not affect parabolic commands. The line specifying end position and
velocity is like any of the Standard Position Move Commands (X, Y, U, V, AX, AY) witha
Velocity Command added after a colon. The velocity at the end of the move segment will be:

= 106 * Vspecified / 1024 (cts/sec)
where i06 is the reference feedrate.

In the example above, where the specified velocity is 1024, the velocity generated at the end
will be equal to i06. If you wish to specify your velocity directly in cts/sec, simply set i06 to
1024,

NOTE: Methods of changing speed by altering the time base, such as the *%’ and 'POT’
Commands, or handwheel or pot timé base inputs, work independently of this, and can alter
the speed from that commanded in these program lines.

. This can lead Iao an undes:red runaway condmon For tlus reason,

the last in a series of parabohc commands should always have a zero velocity Command, Also,

. one should not try to single-step through the parabolic steps of a program, because the card
will continue on at the last commanded velocity between steps, getting completely away from

the desired position, '

The Parabolic SMCC provides a special mode that automatically generates and combines
parabolic move segments for smooth motion without having the user to specify velocities
explicitly. This has several important uses. First, it can provide gentle starting and stopping
with S-Curve acceleration, which can greatly reduce the strain on equipment and loads.
Second, it can apply a three-point cubic fit to a series of positions received by the Parabolic
SMCC. This allows the Parabolic SMCC to smoothly follow an arbitrary path with far fewer
points than would be required if linear interpolation were used. This is particularly useful
when working with complex shapes, as in Cam grinding applications, where the number of
points around the Cam that need to be specified is an order of magnitude less with three-point
smoothing than it would be with straight point-to-point interpolation.

This mode of operation is invoked by using the CIRCLE4 (CIR4) Command. Execution of
this command automatically cancels the F (feedrate) or T (time move) the Parabolic SMCC
may have been using. To exit this mode, simply use a new F or T Command.

There are three basic rules for generating proper S-curve moves:
- 8 L] 2 -




l. If you change the time ('t’) for a move segment, you must keep the ratio deltaP/t
(change in position/time) the same for the new segment as for the old segment.

2. To change velocity, keep ’t’ constant, and change the deltaP so that deltaP/t yields your
new desired velocity. The Parabolic SMCC will blend smoothly to the new velocity.

3.  The Parabolic SMCC will automatically add a move segment with a deltaP of zero in
front of the first move segment you specify in a series, and also after the last segment.
These move segments each take the same time 't’ as the move segment to which they
are appended (Do not explicitly add these to your program). These segments do not
actually cause a zero move; as in rule 2 above, the Parabolic SMCC provides a
blending to the velocity specified by the next deltaP/t ratio.

Below is a simple, general-purpose parameterized program for generating point-to-point moves
with S-curve acceleration and deceleration:

CIR4 ;Invokes S-curve mode
t(P1) ;Move segments take Pl binary milliseconds
U(P1*P4) ;Make incremental X-axis move of P1#*P4
' ;encoder counts
t(P2) ;Time of P2 binary milliseconds
U(P2*P4) ;Note that P4 factor keeps deltaP/t ratio
t(P3) jconstant automatically
U(P3+P4) :
END

Run velocity = P4 counts / binary millisecond
Total distance = (P1 + P2 + P3) * P4 counts
Total time = 2P1 + P2 + 2P3 binary milliseconds

Since the time changes for each segment, the deltaP/t ratio must remain constant, ‘This ratio is

enforced by using the run velocity P4 to multiply by the time to give the deltaP for each
segment. The velocity profile generated by this program is shown in figure 8.1.

-813-



Vel
pat CIR4
V Y(F1)
U(P1*F4)
4 | t(P2)
P2"P4
Tage gy | U(P2°P4)
im P4 P3 P4= Py
! A i LEJ\(ES'N)
Pt P1 P2 P3  P3 time
FIGURE 8.1 POINT~TO-POINT S-CURVE MOVE
8.1.3 i int-

A common type of applmuon for this mode is one that requires simple point-to-point moves
with S-Curve acceleration for gentle starts and stops. It is desired to complete these moves in
minimum time under the constraints of maximum allowed velocity and acceleration. Below isa
general procedure for computing such moves.

First, look at the math for an S-curve acceleration. By symmetry, the area under the curve
(the distance covered) is the same as for a straight-line acceleration. If the starting or ending
velocity is zero this is just a triangular area, so the formula for distance covered is:

deltaP = (1/2) *2t*V a V*®

where t is the time for each of the two parabolic segments, and V is the non-zero starting or
ending velocity.

The top acceleration reached during a S-curve acceleration is exactly twice that of a constant
(straight-line) acceleration:

Apeak =2*V/(2t) = Vit
Now if we define:

Vmax = Maximum allowed velocity (cts/sec)
Amax = Maximum allowed acceleration (cts/sec/sec)

we can compute the time value and distance required for the fastest acceleration to the
maximum allowed velocity:
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= V/Apeak = Vmax/Amax (remember to convert to bin. msec.)
deltaP = V#t = Vmax#t

These values can be used for both the acceleration and deceleration portions of the move. For
the constant speed (slew ) portion, simply calculate:

deltaP(slew) = TotalDistance - 2*de1taP(accel)
t(slew) = deltaP(slew)/Vmax

Example: Suppose we had a system with Vmax = 50,000 cts/sec and Amax = 500,000
cts/sec/sec. We wish to do a point-to-point move of 25,000 counts in minimum time with S-
curve accel and decel. First, we calculate the accel/decel 't' time as t = 50000/500000 = 0.1
sec. The accel/decel distance is deltaP = 50000 * 0.1 = 5000 counts.

Next, we compute the slew distance as deltaP(slew) = 25000 - 2*5000 = 15000 counts and
the slew time as t = 15000 / 50000 = 0.3 sec. The program for this move would be:

t102 10.1 sec in binary milliseconds

U5000 ;acceleration distance

£307 ;0.3 sec in binary milliseconds

U15000 ;slew distance -~ note that ratio holds
t102 ;jdecel time = accel time

U5000 ;deceleration distance

END ;jor DWELL ~- something to ensure stop

Of course, in order to do a three-part S-curve move in this manner, the total distance covered
must be enough to allow this acceleration, deceleration, and a short slew. The minimum
distance for which this is possible is:

deltaP{min3part} = 2 * Vmax*t + 0.020*Vmax
= 2 * (Vmax"2) /Amax + 0.020*Vmax

For the above example, this distance would be 11,000 counts. If the distance is shorter than
this, it will be necessary to do a single part S-curve move.

For a very short move, the profile will never reach maximum allowed velocity, so maximum
allowed acceleration is your only constraint for calculahng a minimum-time move,

Minimum-time t = sqrt (deltaP/Amax)

Continue from above example, a move of 5000 counts is too short for a three-part move,
would have t = sqrt(5000/500000) = 0.1 Sec. The program would be:

t102 70.1 sec -- total move time = 0.3 sec.
U50000 ;incremental move total distance or
END ;dwell -- something to ensure stop.

Another type of application for this mode is in providing irregular curve following capability
while smootlung the trajectory between adjacent points on the curve. The Parabolic SMCC
simply requires a series of positions and the time to move between the positions. The
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Parabolic SMCC, once in CIRCLE4 mode, takes each data point in turn, and does a cubic fit
with it, the point before it, and the point after it -- called three-point smoothing. This
process is done in real time, and it is exactly the same process as described above.

This smoothing may take the calculated path slightly away from the actual specified points,
particularly if the velocity changes are sudden (because of the blending action). But generally,
this mode allows the motion system to follow the desired position profile very closely with far
fewer points than with straight-line interpolation, and most importantly, it does so without any
sudden acceleration changes (’jerk’) at point boundaries that could excite undesirable system
dynamics.

For example, this mode is very useful for retracing a shape that has been digitized. The time
't’ between digitized points would be specified, and the Parabolic SMCC would follow the
path between points, passing each new one at time 't’ past the previous one.

For this type of application, we look at the equations that derive the derived commanded
positions from the numbers in the program (to repeat, the math in the Parabolic SMCC is the
same as in S-curve type applications; this is just a different way of looking at it). For a series
of programmed positions r(n):

3-point derived pos (n) = [r(n-1) + 4%r(n) + r(n+1)] / 6
3-point derived vel (n) = [r(n+l) - r(n-1)] / 2t

Consider the following short program to fit a series of points:

X=0 ;Define current position to be zero
CIR4 ;3-point smoothing mode

tio02 ;Time between points is 0.1 sec
X1000 tMove to X=1000 (deltaP = 1000)
X2000 iMove to X=2000 (deltaP = 1000)
X2500 :Move to X=2500 (deltaP = 500)

END

The Parabolic SMCC will automatically add zero-distance moves at the beginning and end of
the sequence (rule 3). This makes the move data sequence:

o, 0, 1000, 2000, 2500, 2500

The derived positions and velocities at time intervals 't’ are:

1 p({l) = [0 + 4*0 + 1000]/6 = 167 cts
v(l) = [1000 - 0])/[2*0.1] = 5000 cts/sec

2 p(2) = [0 + 4*1000 + 2000]/6 = 1000 cts
v(2) = [2000 - 0]/[2*%0.1) = 10000 cts/sec

3 p(3) = [1000 + 4%*2000 + 2500]/6 = 1917 cts
v(3) = [2500 ~ 1000]/[2*0.1] = 7500 cts/sec

4 p(4) = [2000 + 4*2500 + 2500)/6 = 2417 cts
v(4) = [2500 - 2000]/[2*0.1] = 2500 cts/sec

5 p(5) = [2500 + 4%2500 + 2500)/6 = 2500 cts
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v(5) = [2500 - 2500]/[2*0.1] = 0 cts/sec

As explained before, the 't’ time does not need to remain constant, but if it is changed, the
ratio of deltaP to 't’ must stay fixed (rule 1), or there will be discontinuities in velocity and
acceleration, defeating the purpose of this mode of operation.

8.2  I/T ENCODER PERIOD

Normally SMCC measures the number of encoder counts received during each servo cycle. At
low velocities the number of encoder counts received per servo cycle is zero or very low,
causing granularity and errors in actual velocity calculations. Parabolic SMCC provides the
digital tachometer (1/T) mode which uses time measurement of position changes for effective
fractional resolution. The time measurement uses a 2 MHz clock and the 16-bit handwheel
encoder counter to accumulate the time elapsed from one count to the next; this provides an
accuracy of +/-0.5 microseconds and a maximum range of 32 milliseconds between pulses.
The result of using 1/T mode is that low velocity performance and smoothness is improved by
at least a factor of two or three, which allows higher gains to be used.

 Since there is system dependence on the number of encoder counts per revolution for low

velocity smoothness, good general rules are:

A)  Use higher encoder count/revolution while keeping in mind that the high speed
requirements should not exceed the maximum count rate of the encoder or the
controller’s position counts,

B)  Use at least 100 to 200 counts/second at the lowest RPM that you will use to avoid
velocity granularity.

C)  Without I/T, use at least 300 counts/second for equivalent operation.

Lower encoder counts/second may be used if more velocity ripple can be tolerated or servo
gain can be reduced for smoother velocity at the expense of stiffness.

i28[i48] is used to enable the 1/T mode and jumpers E40 and E41 must be removed so the
handwheel counters can be used by the 1/T mode. Handwheel inputs are disabled and cannot
be used when in 1/T mode.

8.3 Data Gathering

The Parabolic SMCC has the ability to collect and store servo data in real time (Position and
following). This can be used to provide a "snapshot” of system performance during a period
of interest. The servo data can be stored in any section of the card’s memory space (it must be
a continuous section of memory). The data can be sent to a host computer for further
processing (The SMCC Monitor Program automates the data gathering process).

The fundamental Parabolic SMCC command to set up the data gathering is:

yf,b,a,dl, &2
where :
y: is the command itself;
f: defines the sampling period (f is the log [base 2] of the sampling period in servo
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cycles)
b: is the number of bytes stored each cycle (1 - 32);
a is the address of the first byte to be collected each cycle (defauit is fe48 - X

position);

dl: s the starting address of the storage buffer (default is the address following the
program buffer);

d2: is the ending address of the storage buffer (default is the end of the open
memory).

On receiving this command, the Parabolic SMCC will prepare for data storage and return the
addressofthepointerwthedatastomgebuffer(m hex).
Note Send 'y’ Command thhout any argummts Just do noﬂung but return ﬂle addms of the

md_mp_mg_dammm Thlslsusuallydonemthefollowmgmanner

SET C20 = febd

SET M20 = C20.5

(instructions before gathering)
SET20

{(instructions while gathering) '
RESET20
(instructions after gathering)

gﬂ.&hﬁ.ﬁdﬂl’ﬂ.{ﬂﬁ.ﬂdﬂ&ﬂ_} Thenthz'd‘ Commandlssent wnthtwoargummts ﬁrstls
the starting address (in hex), and the second is the length of the buffer (end address minus
starting address) in decimal, You need a host program (such as Monitor program) to translate
the internal form (HEX table) into physical value.

The bytes number to be stored in defined servo cycles also implicitly defines the type of that
data. This is further explained as follows:

Byte to collect
in given servo cycles data collect

4 bytes X position

8 bytes X position/Y position

12 bytes X position/X following error

16 bytes X & ¥ position/X & Y Following error

If 12 bytes format is adopted, only first 4 byte and last 4 bytes is used to store X position and
X Following error.
Velocity and Acceleration can be derived from positional data and given servo cycles
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8.4 DMA Communications

Parabolic SMCC provides a DMA (Direct Memory Access) Communications mode in order to
allow rapid transfer of data to and from the host computer.

Parameter i19 (Address of Last Card, default value is *0", range "0" to "f") is used by the
cards to receive and send "packet” data at high rates. Card addresses need not be consecutive
but the "empty slots" will waste communications time.

Communications Data consist of parabolic commands (with position and velocity) or non-
parabolic command (position only) and CIR4 three-point smoothed data mode. To select
Parabolic (position velocity) or Standard (position only) mode, use the i63 parameter as
follows:

163 0 selects the Parabolic mode
i63 1 selects the Standard mode

Note that position or status data sent from Parabolic SMCC to host are not affected by i63.
A. DMA, Host to Parabolic SMCC

Data can be transmitted via RS232 or parallel port by the host and may be either placed
in the program buffer of Parabolic SMCC or be executed on-line by placing Parabolic
SMCC in the MDI mode (i02 set to 1). :

To start a DMA transmission assuming Parabolic position mode: position and velocity
data (i63=0), the host must first send a <CNTRL B> character (02H) followed by
the move data for card AO which consists of 14 bytes of data per card and represents:

4 Bytes of X Position Data
3 Bytes of X Velocity Data
4 Bytes of Y Position Data
3 Bytes of Y Velocity Data

Data format is binary LSB first, MSB last. The position data for both X and Y must be
padded with five zeros in the LSB word (32 times greater) since the actual position data
‘has 27 bits of data only. Upon completion, data for A0, data for Al, and so on is
transmitted as required. The transmission is terminated when all the data has been
transmitted. If the MDI mode is used (i02 set to 1), then the motion will begin upon
reception of the data. If i02 is set to zero (buffer mode), the data will be placed in the
buffer and may later be executed by Step "S" or Run "R* Commands. Data
transmission to the card in the buffer mode may be mixed with both binary (DMA) and
ASCII (non-DMA) data.

The total transmission in i63 =0 mode consists of:
<CNTRLB> + (14 Bytes x Number of Cards)

In i63=1 mode, standard data with position only, veloclty data is not sent, and the total
transmission will consist of?
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<CNTRL B> + (8 Bytes x Number of Cards)

The data transmission rate with parallel port is approximately five microseconds per
character. R$232 transmissions occur at the selected baud rate, the fastest of which is
38,400 baud or approximately 250 microseconds per character. These rates apply to
both reception and transmission of data. All DMA transmissions generate an internal
interrupt with a latency of approximately eight microseconds.

DMA, Binary Parabolic SMCC, to Host

To receive position data back from Parabolic SMCC, the host computer issues a
<CNTRL C> (03H) character. Upon reception of <CNTRL C>, the A0 card
immediately begins transmitting binary data consisting of four bytes of X position data
and four bytes of Y position data, LSB first, MSB last, The SMCC in DMA mode
generates an interrupt request internally which overrides the servo cycle in order to
send data back to the host. The time needed to gather the data and begin transmission
to the host is approximately eight microseconds. Each of the four bytes has five zeros
padding the LSB byte so that the data the data is 32 times larger than the actual position
data,

The host must receive the data and after eight bytes of data have been received, it also
must issue a "space” character (or any other character) to cause card Al to transmit its
eight bytes of data. It must continue to do this until all cards have transmitted their
data. .

To request status data back from Parabolic SMCC the host computer issues a
<CNTRL D> (04H) character. Upon reception of <CNTRL D>, the AQ card
immediately begins transmission of its eight bytes of status words. The host then sends
a "space” or any other character back to Parabolic SMCC in order to receive eight
status bytes from the next card. It continues until all cards have sent their status back.
See next Paragraph for the contents of the status word.

The difference in transmission of status between the DMA binary mode and the ASCII
mode is that in ASCII each byte of status is sent as two 4 bit nibbles each; in hex
ASCII format with most significant nibble first. Total status transmissionis therefore
16 characters in ASCII mode. Also, the time needed between reception of command
and transmission of data is in the order of four milliseconds and in addition each card
must be addressed individually and then requested to send data back with the "?"
Command.
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Appendix A: Glossary of Initialization/Setup Commands

This appendix is dedicated for SMCC Setup for D.C motors. Certain amplifiers (such as

Baldor’s BTS-15 brushless amplifier) have built-in commutation function and act as simulated
DC motor. In these cases, the Setup parameters introduced in this appendix still apply.

Initialization commands and associated arguments (Setup parameters) are used to configure the
SMCC operation conditions. Sending a Command "inn" without any parameter value is
interpreted as Parameter value Query, the SMCC prompts with the value of the stored
parameter. Where nn can be any number for 00 to 81 (depends on the version number).
Sending an "ix" command cause the SMCC to send all parameters at one time.

[Example A.1]

ioo ;Query to check following error Fault Limit
;SMCC will respond with currently stored values.
i00 2000 ;New parameter value replaces old value.
io02000 ;Same as above,
I00 2000 ;Buffer command - will be processed at the time of
;program execution.

For quick referencing, Initialization commands are introduced according to numeric order,
i00, i01 .. etc. The equivalent Y axis commands are those embedded in { ]

00 Howin .
Range (0 +/- 32767), Default (2000), Unit: Encoder Count

SMCC keeps track of following error (Position error between the desired position and actual
position), If a positive limit is used and the servo cannot follow the desired position within the
specified limit, the SMCC tumns off the amplifier and the GLT (Get Lost Timer) is set, thus
disabling the SMCC and outputting to the FEOD/ . This is a fatal error and the operator has
to reset the system in hardware to resume operation. The FEOD/ output may be used to turn
system power off.

If a negative limit is used in 100, the following error is still detected and the amplifier
disabled, but the SMCC remains active and the host can communicate with it, even though it
has stopped motion. A soft "$" RESET or hard "$$" RESET may then be used to clear the
fault and re-enable the SMCC.

To disable following error Fault, set i00 to 0.

Range (0 - 65535), Default (100) Unit: Encoder Count

When SMCC is at rest. it turns on the in-position Light and IPOS/ Qutput whenever the actual
position is within the specified counts from its current desired position. Once in-position has
occurred, the SMCC is ready for the next move. IPOS will first occur after a move is
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complete and the SMCC has reached its actual desired position within +/- i01 counts. Not
when approaching position within the IPOS band. Subsequently, IPOS will remain true as
long as the actual position stays within this band and before the next move commences.

i02

Set Manual Data Input Mode
Range (0,1), Default (0), Unit: None

This parameter decides whether Motion Buffer Commands will be stored in the SMCC
memory for later "RUN" (Default) or processed as soon as it is received.

0: Reset MDI Mode (Default) - Motion Buffer Commands are stored in the Motion
Buffer and can then be processed by the "S" (Step) or "R" (Run) Command or
by the "Step or "Run front panel commands

A . This mode is used to execute one command at a time
without using the Mohon Buffer, i.e, to test-run programs.

Note that the Processing of Direct Control Commands (Non-Motion-Buffer Commands) is not
affected by this mode. Continuous motion can be achieved in this mode by issuing a second
command while the first is being executed. To exit the MDI mode 1020 may be entered or a
"S" (Step) or "R" (Run) Command may be given.

When in MDI mode, a "F" (Feedrate) or "T" (Time) must be issued at least once in order to
cause SMCC to make a move when it receives a Motion Command. Exercise caution because
if returning to the program flow, the latest feedrate will be in effect until a new feedrate
Command is executed by the program,

Range (0,3, Default (1), Unit: None

0:  Handshake is disabled. Processor does not send handshake messages. But will
respond upon reception of query commands.

1 Handshake is enabled. Processor sends <LF> character upon reception of
<CR>, and sends "BELL" upon Unrecognizable commands.

2: Handshake is enabled; responds with <ACK> for valid commands or
<BELL> for illegal commands. Messages are sent without <LF>,

Data is sent as: DATA, <CR>, (DATA, <CR>,...) <ACK> (with
<ACK> sent after last line only).

3 Handshake is enabled; sends <ACK> or <BELL> as appropriate. Data is
preceded by <LF> and followed by <ACK>. Data is sent as: <LF>,
DATA, <CR>, (<LF>, DATA, <CR>,...) with <ACK> (after last
line only).

NOTE: Regardless of the handshake, the SMCC sends messages if a command specifically
asks for it (as in f <send following error>, inn <send stored inn parameter value >, etc.).
i04  Set Home Feedrate

Range (0 - 255), Default (0), Unit: Encoder counts/second.

This parameter sets up the speed of homing operation with respect to reference speed set by
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i06. Home feedrate is calculated by the following equation,
Home feedrate = (i04 / 256 ) * i06

If i04 is set to zero, homing function will not occur.
Refer to i24[i44], i25[i45] and i26{i46).

i05 Set Servo Time Period
Range (0 - 65535), Default (487), Unit; Microsecond

This parameter specifies period of servo control and is calculated by:
Servo Time Period = 2 * (i05 + 1) in Micro Seconds

Caution should be exercised when changing i05 since 120, i21 and i23 are affected and must be
readjusted; i20 (proportional gain) may be increased if the servo cycle is shortened.

Note: i05 should not be changed in normal condition. If servo time period is shortened too
much, there will be insufficient time to handle communications and PLC and cause the SMCC

hang up.

i06  Set Reference (Maximum) Feedrate
Range (0 - 8388607), Default (2000), Unit: EC/sec.

This parameter specifies Reference Feedrate so that commands i31{i51] Jog Feed Rate, i(4
Home Feed Rate, .. etc. can be specified as a ratio.

Note that the actual machine feedrate is also a function of "F* (Feedrate) Command:

Feedrate 