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*****************************************************************

OVERVIEW

Delta Tau’s SMCC (Smart Motion Control Card) is a third-
generation state-of-the-art product for high-speed precision
closed-loop digital servo control. It can control two coordinated
axes 1f the motor phase commutation is performed within the motor
(by brushes) or in the amplifier. Alternately, it can provide
full phase commutation for multiphase motors (DC brushless, AC
induction, stepper, switched reluctance) on a single axis.

For two-axis control, the SMCC provides a +/-10V range command
for self-commutating motor-amplifier systems using either
tachometer feedback (velocity command) or current feedback
(torque command). For single-axis control with commutation, the
SMCC provides two +/-10V range commands to control phases
directly; the third (and fourth, if necessary) phase commands are

driven by Dbalance loops. The card also provides PWM pulse
outputs that can be used directly to switch the amplifier’s
totem-pole power drivers if the user desires. In both cases,

phase commutation is handled directly by the card, which can
generate sinusoidal, trapezoidal, or six-step phasing waveforms
at up to 1000Hz. Stepper motors may be driven in either step or
microstep mode in this manner. Also, an SMCC egquipped with
Accessory 8V (with a V-to-F converter) may be used to drive two

stepper motors through standard stepper amplifiers as if the SMCC
were an indexer.

The card 1s programmable by means of a high level command
structure using ASCII alphanumeric characters, (see attached
"Command Directory"). Communication with the card is via an
RS232 serial channel with handshake or an 8-bit parallel bi-
directional I/0 port. The parallel port may also be used as a
means for sending data to the card via thumbwheel switches.

The card also provides direct operator controlled input switches
such as JOG, RUN, STEP, RETURN TO PREJOG POSITION, ABORT, HOME,
RESET, and supports a one digit status display unit for error
reporting, as well as two LCD or LED displays for position,
velocity, and status indication.

Two A/B/C gquadrature position encoder channels are provided for
the X and Y axes as well as two additional encoder or
pulse/direction inputs for electronic handwheel or external
synchronization means. The card can control one or two

4
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amplifiers/drivers and has dedicated inputs for +/- limits, home
flag, amplifier fault, and disable. Also, seven each general
purpose inputs and five outputs are provided.

An auxiliary I/0 connector is provided for allowing I/0 expansion
to 48 lines, resolver operation, and general purpose analog
signal generation and reception.

The SMCC may be daisy chained to allow synchronized and
interpolated motions for up to 16 cards (32 axes).

PHYSICAL SPECIFICATIONS

SIZE: 9.2" x 6.3" x .75"
Designed to fit standard Double Eurocard chassis as
well as vertical or horizontal plate mounting for
standard industrial servo amplifier chassis, using two
mounting screws.

Other configurations can be provided, such as Standard
Bus, IBM PC Bus, Multibus, and VME bus.

WEIGHT: 0.3 1lbs without mounting plate
1.2 1lbs with mounting plate

OPERATING TEMP:

32 degrees F to 140 degrees F (0 degrees C to 60
degrees ()

STORAGE TEMP:

10 degrees F to 180 degrees F (-12 degrees C to 82
degrees C)

ELECTRICAL SPECIFICATIONS

POWER REQUIREMENT:

The SMCC itself reguires only +5 Volts +/-5%, 0.8 amps

with all options installed, and two encoders (HP7501)
connected.

If Accessory 14 (old Option 7) 1is installed and has
A/D, DAC, or R/D converter installed, the SMCC then

requires an additional +/-15 volts supply at 100 ma
each.

NOTE: The SMCC also requires separate isolated +/-15 wvolt
power supplies for operating the optically coupled
amplifier command output. This is normally provided
by the amplifier. +15 volts regquire 50 mA, -15 volts

require 15 mA. The voltage range can be +/-12 to 15
volts.
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AUXILIARY FUNCTION 1/0:
Seven inputs: 0 to +5 volts, TTL.
Note that three of the seven inputs are used to display
amplifier error codes when used with Delta-Tau’s or
other amplifiers equipped with error code generation.

Five outputs: 0 to +24 volts, DC 60 mA maximum. (A
special "Opto" Connector is provided for flat cable
connection to commercially available optical isolation
devices) .

An additional 48 individually programmable I/0 lines
may be used by_adding.ACCESSORY 14. Up to three ACC-
l4s may be used on one SMCC for a total of 12 + (3 x

48) = 156 programmable I/0 lines.

RS232: +/-10 wvolts output.
The RS232 channel may be bussed to service as many as
16 cards in a daisy chain configuration. Daisy

chaining provides automatic synchronization and allows
bi-directional, handshake communications from 300 to
38400 BAUD.

PARALLEL: A&n B8 bit, bi-directional I/0 port is provided for fast
communication; it can optionally be used for inputting

data via Thumbwheel switches. Optional DMA
communication is available at data rates of three to
four microseconds/character. The parallel port may

also be daisy <chained and provides automatic
synchronization for up to 16 cards.

NOTES: 1) RS232 and parallel use special Tri-Stated outputs
and require that each SMCC be individually
addressed (A0 to Af) before data is sent back to
the host.

2) Each SMCC on the bus may be used to control one or
two axes, with or without commutation.

MEMORY CAPACITY

EXECUTIVE CONTROL PROGRAM:
8K in CPU MASK (Chip Set).
MC32 1s Standard CPU, "PARAB" in Parabolic CPU
32K in external PROM.

NOTE: Chip Set consists of CPU, PROM, and LSI unit with
address decoder PAL.

USER PROGRAM BUFFER:
8K RAM for 1,790 Program Step Storage (Standard).
32K RAM for 5,630 Program Steps (Optional, OPTION 5).
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PERMANENT MEMORY STORAGE :

1) 512 x 8 EAROM
For permanently storing parameters and program o

steps. On the Parabolic card, 'i‘’ parameters and
80 program steps can be stored if this is the only
permanent memory. On the Standard card, ’i’, rc’,
‘M", and 'P’ parameters plus subroutines and label
locations, and seven program lines can be stored
if this is the only permanent memory.

2) BK x 8 EAROM (Optional, OPTION 2)
With the addition of this option, 17390 program
steps, plus all "i’, 'C’, 'M’, and ’Pp’ parameters,
and subroutines and label locations can be stored
on either Standard or Parabolic cards.

3) 32K x 8 Battery Backed RAM - OPTION 5
With the addition of this option (instead of
Option 2), 5630 program steps, plus all ’i’, ‘c’,
'M', and ‘P’ parameters, and subroutines and label
locations can be stored on either Standard or
Parabolic cards.

PERFORMANCE SPECIFICATIONS

SERVO CYCLE TIME:
One axis/two axis control servo loop time updates
position, calculates needed correction, and outputs
signal to amplifier in specified time. All servo times
include a 65% duty cycle which means that 35% of the
time specified is used for background tasks.

1) Handwheel only (Slave Follower)
150/300 microseconds

2) Normal Position and Velocity Loop
480/960 microseconds

3) Brushless Direct Drive Servo Loop Time
360 microseconds

4) AC Induction, 600 microseconds

5) Data Blocks/Seconds
Execution rate of 60/100 blocks/seconds or
approximately 10/16 milliseconds/block when
controlling two axis/one axis in linear mode.

VELOCITY RANGE:
.005 to 1,000,000 encoder counts/second Digital Phase
locked loop, crystal controlled. Smooth operation to
low RPMs, dependent upon encoder resolution used.

Enhanced low speed operation is possible using optional
1/T (period) encoder measurement.




VELOCITY

VELOCITY

POSITION

POSITION

POSITION

HANDWHEEL

BASIC SPECIFICATIONS

ACCURACY:
(Long Term) .002% absolute accuracy
(Short Term) system dependent, typically 0.5% to 1%
(Multi-Axes) .001%, adjustable to zero following error
between axis

REPEATABILITY: .001%

RANGE: +/-67 million encoder counts

ACCURACY: +/- one encoder count

ENCODERS:
Two X and Y independent channels for position control.
A/B quadrature with "C" (home) channel. X1, X2, and X4
multipliers. Single ended or differential TTL. Maximum
input rate after multiplication, is 1,000,000
counts/second with X4 multiplier. Using X4 multiplier
actually reduces rate to approximately 800,000
counts/second due to encoder guadrature imperfection.
Pulse and Direction input is also provided. Maximum
actual encoder input rate is 500 KHz in X1 and X2 mode
and 250 KHz in X4 mode.
ENCODER:

Two X and Y independent channels for use as quadrature
encoder inputs or pulse and direction inputs (Stepper
Motor Replacement). Maximum rate after multiplication
is 2,000,000 counts/second with X4 multiplier. Maximum
rate 1s approximately 1,800,000 and depends upon
quadrature imperfection. Maximum encoder rate is 500
KHz. .The handwheel encoder input can be used in four
different modes:

a) Direct position offset moves motor and changes
position counter, with selectable transfer ratio.

b) Position translation moves motor shaft but does
not change position counter, with selectable
transfer ratio.

c) Program execution rate (programming time base)
varies as a function of external handwheel input
frequency. Input frequency may be selected for
1:1 time Dbase. SMCC’s execution rate will vary
linearly with input freguency, including zero
frequency.

d) Handwheel only mode where the SMCC’s normal

program execution capability is limited in order
to allow for very tight servo following capability
of the handwheel encoder.

£
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I/0 SPECIFICATIONS

INPUTS/OUTPUTS TO AMPLIFIER DRIVER: o
Error output signal (command signal to amplifier),
amplifier disable output signal, and "Amplifier Fault"
input are optically isolated. All three of these
signals use the amplifier’s +/-12 to 15 volts power
supplies, which are referenced to the amplifier common
in order to achieve total isolation between the SMCC’s
digital circuits and the power section.

ANALOG OUTPUTS:

These are used as velocity .or torgue .commands to the
amplifier input.

1) Brushless three or four phase current demand torque
outputs. Selectable, sinusoidal, or trapezoidal or
six-step waveforms, +/-10 volt amplitude, 1000 Hz
maximum frequency. Two outputs are provided 120

degrees apart for three phase and 90 degrees apart
for four phase.

2) Phases one and three, when so designated, are used
for two axis standard +/-10 volts DC (velocity)
€rror output with 9 bits of resolution.

DIGITAL OUTPUTS:

Six direct PWM digital outputs are available for .
driving one or two brush type or one three or four

phase brushless or Stepper Motor by using the digital
outputs to directly control two, three, or four totem

pole drivers. The six outputs are pulse width
modulated and provide totemn pole overlap drive
protection to prevent turn on of the top and bottom
drives simultaneously.

ANALOG INPUTS:

Four analog inputs -- CURO (ANAO) , CUR1 (ANA1l), ANAZ2,
and ANA3 -- are provided on the card and they serve the
following functions:

1) CURO and CUR1 are dedicated to measuring the
motor/amplifier current levels for the X and Y
axes, respectively. These can be used for
overcurrent protection if Option 3 (analog signal
conditioning) is installed on the card. They
should receive a voltage proportional to the
absolute value of the current -- with a range of 0
to +10 volts. Two adjustment potentiometers are
provided for proper scaling of these inputs.
From the inputs, the card performs I-squared-t
calculations to prevent the motor from being
overdriven. Parameters 132[i52] and 133[153]
control the level settings for this protection.
(It is possible to connect these inputs for
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current protection without Option 3; consult the
factory for details.)

2) ANAZ? and ANA3 may be used to control motion speed
in several different modes. The mode is set by
the il4 parameter (refer to the 114 description
for details of operation). These inputs may be
used with or without the Option 3 analog signal
conditioning: with Option 3 the input voltage
range is -10V to +10V; without it the range is 0
to +5V. The modes are:

a) Time Base (Feed Rate) Control mode: In this
.mode, .the voltage at ANA2 is used to control
the speed of execution of all moves,
programmed or Jjog, for both axes. This
control is identical to that provided by the
"$" or 'POT! commands, or by the handwheel
input frequency.

b) Jog speed control mode: In this mode, ANA2
controls the speed of jog moves for the X-
axis, and ANA3 for the Y-axis. Move timing

and direction are controlled by the standard
jog inputs or commands.

c) Continuous speed control mode: In this mode,
both axes are always 1in a continual jog
state, with the speed for each axis
controlled by its analog input. There are
four speed ranges, selected by the jog inputs
for the axis.

Refer to the BAnalog SIP (Option 3) Schematic for
details of the conditioning circuitry; refer to the
Analog Input Potentiometer Connections diagram for
instructions on wiring the analog inputs with or
without Option 3.

The OSMCC has several dedicated lines serving the

amplifier/machine. They are:

1) +/- limits for X and Y axes.

2) Amplifier disable ocutput (OPTO - Isolated).

3) Amplifier fault input (OPTO - Isolated).

4) Home Flag inputs for locating the encoder "C©
channel or reference location input (interrupt
driven) .

5) User Flag inputs for precision, interrupt driven

synchronization to external events.
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6) Five general purpose outputs and rated at 24
volts, 60 mA. Seven general purpose inputs are
also provided, TTL compatible, to +5 wvolts
maximum.

MANUAL CONTROLS:

EXPANSION

ERROR AND

The SMCC supports several dedicated direct inputs
allowing manual operation by wusing momentary toggle
switches.

+/- JOG, (3,J): For X or Y individually

HOLD, (H) : Stops motion . immediately
PREJOG, (=) : Return to prejog or pre-handwheel position
START, (RUN) : Starts continuous program execution
STEP, (S) : Executes one block of data at a time
ABORT, (q) : Stops running, halts immediately, resets
program pointer to next block

HOME, (h) : Starts X and Y axes on a home cycle
RESET (INIT.),
($,88%): Initializes the SMCC.

NOTE: All above functions are supported by ACC-16

Control Panel.

OUTPUTS:

The JEXP connector on the SMCC card supports the
ability to make use of existing Delta Tau expansion
modules for greater I/0 capability and positioning
with absolute encoders (8 to 23 bits parallel binary
input) or resolvers single or dual speed (geared).
(See Accessories 14 and 15)

STATUS DISPLAY:

The SMCC is eguipped with a one digit hexadecimal
display which is used to indicate operational status to
the operator.

. (Left Decimal) In Position (1i01)
. (Right Decimal) = Following error indicator (110)

0 = 0.K. (SMCC is happy)

1 = Hall effect failure {Brushless
Motor)

2 Following Error Failure (i00)

3 = Parabolic only, not enough time to
calculate move [il2 or t (fatal
error) ]

4 = Circle radius too small for specified

5 = "Go Until" command did not receive
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a trigger

6 = Not Used
7 = Communications Error (Invalid
o Character)
8 = AMPlifier failure, (AMPlifier
without Fault Data Bits).
*8 = SHUNT-FAULT
*A = GROUND-FAULT
*B = +15 or -15 = LOW VOLTAGE
*C = Floating +15V (Bias Supply) = LOW
VOLTAGE
*D = OVER-TEMP
*E = BUSS-OVER-VOLTAGE
*F = DRIVER-FAULT, (OVER-CURRENT, BUSS-

UNDER VOLTAGE)

NOTE: Delta Tau’s amplifiers provide three fault indication
bits which are used to isolate the cause of the problem
and display it. Please note that physically the
indicator may be mounted to accommodate both the stand
alone and the rack-mount configuration for visibility.
An extension cable and mounting bracket are needed for
the rack-mount version.

DISPLAYS: The SMCC supports two types of displays:

a) LCD - Liquid crystal displays 1 x 24, 2 x 24, 1 x
. 40 for X and Y individually or a 2 x 40
single display for both axes. Displays

indicate position, velocity, following error,
and status.

b) LED - Light emitting diode (red) 1 x 8. 3/4 inch
high digits separate displays for X and Y
axes. Displays position only.

OPTIONS

The SMCC 1s provided with the following options (OPTIONS 1
tnrough 5):

1) PARALLEL INPUT/OUTPUT:

For B8-bit bi-directional communications with handshake
and fast DMA communications. Thumbwheel programming is
also available via the parallel port (see ACC-18 for
further information on use of Thumbwheel inputs). Eight
additional outputs are provided for the purpose of
scanning thumbwheels or for general purpose use. The
parallel port may be used for:

a) Communications
. b) Thumbwheel inputs

c) General purpose 8 inputs and 8 outputs.

11
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2) PERMANENT PROGRAM STORAGE OPTION (8K):

3) ANALOG

Even though a small 512 x 8 EAROM is standard on the
SMCC and provides parameter and a few program
lines of storage; subroutines and labels cannot be
saved. A large 8K x B EAROM is optionally available for
permanently storing 1,790 programming lines,
subroutines, and other label assignments.

INPUT CONDITIONING:

Although 0 to +5 wvolt analog signals can be directly
accepted by the SMCC, the conditioning module allows
+/-10 volt signals to be accepted and also provides
for "Absolute" value inputs (positive or negative)
voltages to be accepted for motor current feedback.

4) PARABOLIC PATH GENERATOR:

This option uses a custom masked CPU to provide
additional special functions and features such as:

a) Parabolic Path Generation: All points are defined
by position, velocity at destination, and time to
make the move. Third order algorithms are used to
provide smooth, continuous path and interpolated
motion control, with zero acceleration at move

segment boundaries. Includes special "CIR4"
(three point smoother mode) with “sw curve
acceleration capability.

b) DMA (Direct Memory Access) Communication: Both in

RS232 and Parallel for transmitting and receiving
binary data.

c) Data snapshot and storage capability at servo
rate of position following error and velocity as
well as I/0 ports or other registers. Used for
analyzing servo and machine performance.

d) 1/T (period) measurement of encoder pulses for

greatly improved low velocity operation and
stiffer servo due to higher usable gains.

e) "Go Until™® Command (~d) which allows
new destination on trigger and allows
synchronization of motion with external events.

) A "TORQUE" Command which allows control of torque
applied to the load and detection of torque
limits.

g) Improved AC induction motor control due to faster
servo cycle in masked CPU.

h) Addition of velocity and acceleration feedforward

gain terms in the servo algorithm. This provides
the ability to greatly reduce following error.

i) The ability to provide altered destination by
reception of a special command followed by a new
destination.

12
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EXPANDED PROGRAM MEMORY :

Provides a 32K byte RAM for storing up to 5,630 program
steps instead of the standard 1,790. The 32K RAM is
battery backed and is therefore used as both permanent
memory and program buffer. It replaces an 8K byte RAM
and the B8K byte EAROM of Option 2. Note that any
change made to program or parameters 1is automatically
saved - there are not separate active (volatile) and
permanent memories. Also note that you cannot change
parameters or programs and still expect the old
parameters or programs to come back when you reset the
board.

ACCESSORIES

Many accessories are provided with SMCC as a convenience and in
order to simplify its application in various systems. These are:

1)

2)

3)

+5 VOLTS POWER SUPPLIES - For 1 to 16 card systems.

+/-15 VOLTS POWER SUPPLY - For Accessory 14 or SMCC’s Option 7
or for powering the optically isolated outputs of SMCC when
the amplifier is not so egquipped.

10 FOOT RS232 or PARALLEL COMMUNICATION CABLE (specify which
type is needed) - For connecting the host computer to as many
SMCCs that are on a daisy chain. When using the cable for
daisy chaining several SMCCs, specify how many cards will be
on the daisy chain; the cable is then made with the required
number of SMCC connectors (J2's mates) spaced six inches
apart, unless specified otherwise.

Additional INSTRUCTION MANUAL

MATING CONNECTOR for Jl (JMACH) and J2 (JPAR-RS232) -
Connectors {96 pins) each with solder tails on connector to
provide access to all pins.

HANDWHEEL ENCODER - Hewlett Packard HEDS-7501, with 256 counts
per revolution, A/B guadrature. Mounts like a regular
potentiometer and has 1/4" shaft with built in friction.

IEEE 488 CABLE - To be used with Accessory 13.

INTERCONNECTION TERMINAL BLOCK (P/N 602065-103) - Consists of
a small printed circuit board with a mating connector for
SMCC’s J1 (JMACH) connector on one side and terminal strips on
the other; for connections to the amplifier, encoder, and
various machine inputs and outputs. Three versions of ACC-8
are available.

a)Horizontal wversion (ACC-8H) - When mounted to SMCC, 1is
perpendicular to the plane of SMCC.

13
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b)Vertical version (ACC-8V) - When mounte@ to SMCC, extends
vertically in the same plane as SMCC. This version also has
three additional features:

1) It provides built in X- and Y- axis V-to-F converters,
for using the SMCC’s Phase 1 and 3 outputs as
frequency generators (0 - 10 or 100 KHz) . The output
frequency is then used to drive any stepper motor
driver (full, half or microstep) in pulse and direction

mode. The same output frequency is used to provide
position information back to SMCC, thus generating a
nearly ideal output profile. If desired, an encoder

may be used on the Stepper motor to provide actual
position feedback.

2) When SMCC is commutating a brushless DC or AC induction
motor, it provides a summing circuit for adding SMCC’s
Phase 1 and 3 outputs to create Phase 2 when driving
current amplifiers requiring all three phases for
commutation. SMCC normally outputs two phases and

expects the amplifier to create the third as a2 balance
loop.

3) It also provides a means to invert or not invert the
FAULT input to SMCC from the amplifier since some units
provide a low true output and SMCC requires a high
true input to detect an amplifier fault.

C)Remote version (ACC-8R) - This version of ACC-8 does not
mount on the SMCC itself but is designed to be connected to
SMCC via a 64 wire flat cable terminated with connectors at
both ends. ACC-8R is mounted separately and is 3.0 inches
wide by 10.5 inches long. 1In addition to the three features
contained in ACC-8V, it has an additional one which consists
of two small, 30 watt DC amplifiers that may be used for
driving either two small DC motors or proprotional hydraulic
valve actuators. This amplifier feature requires a +/-15
volt power supply, and is Capable of sourcing or sinking two
amps.

An additional feature of ACC-8R is that it can be used by
the SMCC, the SMCC-PC, SMCC-VME, and SMCC-STDbus.

SMCC IBM PC SOFTWARE DISKETTE - Provides a means to write,
edit, and save SMCC programs on an IBM PC. The current
version is SMCC V3.61 with "Dump" capability.

The "Dump" routine allows sending files larger than the SMCC’ s

buffer can hold on a continuous basis. Mostly used with
SMCCAD program.

Version 3.61 also provides an interactive procedure for tuning
a servo amp. and motor combination and provides means for
direct communication on the PC bus with the SsMCC-pC. When
performing data gathering and plotting Operation, V3.61

provides all the needed facilities for printing or displaying
the data.

14
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10) PARALLEL, BI-DIRECTIONAL 8-BIT 1/0 PORT FOR IBM PC (P/N
601793-100) - Fits on PC’s bus and is a half-sized card.
Provides handshake signals to SMCC and supports interrupts on
the PC bus. Needed when SMCC’s parallel port will be used for
communications. The output from this card can be flat-cable
connected to the SMCC’s parallel port. Using the parallel
port provides a 4 to 8 fold increase in data throughput
between the PC and the SMCC.

11)RUGGEDIZED CONTROL PANEL (P/N 601810-100) - This unit is a
complete, stand-alone control panel with membrane touch-keys
and 2 x 24 display unit. A local CPU permits programming the
panel to .achieve wvarious_functions. _Communicates with SMCC
via RS232, and stores 64 programs. Normally this device is
used in dedicated applications and is custom programmed. Such
a custom program already exists for use in back-gauging
systems for shear and press-brake applications, and in another
version, is available as a simple terminal for operating and
programming the SMCC.

12)DISPLAYS - Three types of display are provided for SMCC. They
all plug directly into the SMCC’s connectors provided for this
purpose:

ACC-12 - 2 line x 24 digit alphanumeric LCD display. Two
units may be used to provide independent X and Y
displays where each display has all information
per axis, or one unit with X and Y information,
where only position and velocity is displayed per
axis.

ACC-12A - 2 line x 40 digit Alphanumeric LCD display. One
unit displays all information for X and Y,
position; velocity following error and status.

ACC-12B - 1 line x 8 digit RED, highly visible, LED display.
Displays position only. Two units may be used,
one for X and other for Y. Operation of all
displays is software selectable by SMCC. Either a
single display for XY or two separate displays for
X and Y may be used.

13)IEEE488 (P/N 601790-100) - This accessory is a separate card
and provides communications with the SMCC via the IEEE488 bus.
One ACC-13 may be used to control as many as 16 SMCCs. ACC-13
performs the function of a talker/listener for a host computer

eguipped with IEEE488 and uses the parallel port to talk to
SMCC.

14)I/0 EXPANSION MODULE (P/N 602158-100) - A PC board which may
be mounted piggyback on the SMCC or standalone with its own
mounting plate. It provides 48 individually programmable I/0
lines and uses connectors which are flat cable compatible
with OPTO-22 (PB8, PBl16, and PB24) or other manufacturer’s
optically isolated modules. It connects to SMCC via a flat
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cable connector to the JEXP connector. The maximum cable
length between SMCC and ACC-14 should not exceed 12 inches due

to high speed signals. A six inch cable is provided with each .
ACC-14.

Additionally, two iSBX connectors are provided for allowing
the use of any iSBX bus compatible products to be used with
ACC-14 such as: A/D, D/A, R/D converters, etc. iSBX is a
registered Intel Corporation bus structure.

Another use for ACC-14 is to allow the use of parallel binary
data from 8 bits minimum to 23 bits maximum to be used as
position feedback data .from an absolute optical encoder. The
SMCC has the ability to use this type of parallel input data
for positioning. Also, when using the R/D converter, the SMCC
is capable of using one R/D essentially as an encoder, but it
is also able to handle dual resolvers and R/D converters, a
"fine" on the motor shaft and a "coarse" on the output shaft,
with a reduction of between 2 and 256 between the motor and
the output shaft, thus providing an absolute position
detection capability over the total distance traveled.

Up to three ACC-14s may be daisy chained to serve one SMCC.
The SMCC to ACC-14 flat cable connector is then specifically
made to daisy chain all the ACC-14s.

The ACC-14 Boards are provided in three basic forms:

1) All items installed. 48 I/0 and the iSBX connectors.
2) 48 1/0 only
3) i15BX connectors only.

15)RESOLVER TO DIGITAL CONVERTER (P/N 602159-100) - This module

is designed in the iSBX bus format and can be used in
conjunction with ACC-14 to provide two channels of R/D
conversion capability to the SMCC so as to enable it to
control motors equipped with resolvers. The R/D converter
provides 10, 12, 14, or 16 bits of resolution and provides
sinusoidal excitation voltage of 8 volts RMS at 5 KHz and
requires sine/cosine feedback of 2 VRMS minimum amplitude, to
8 VRMS. The R/D converter also handles geared resolvers for
absolute position applications where two resolvers, a “coarse"
and a "fine", are used with specified gear ratio (see ACC-14).
When a resolver is used on the motor it can also be used by
SMCC to provide phase commutation for brushless DC motors

without the need to do a "phase finding" search on power turn-
on.

16) CONTROL PANEL - This accessory provides a 2 x 40 LCD display,

& handwheel encoder, power on/off control, manual control

switches such as X and Y jog +/-, reset, hold, quit, etc., and
LED status indicators. It can be used either standalone or
mounted on the customer’s panel as part of the machine
controls. It plugs directly into SMCC’s JPAN and JDISP
connectors via two flat cable connectors. Optionally the

16
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control panel provides an A/B guadrature oscillator (0 to 100
’ KHz) to be used as time base by SMCC.

Power on and off switches are provided and may be used with
external relays to provide a latching power control circuit.
The SMCC’s "error™ output can then be optionally used to cause
an automatic power turn off.

The contrcl panel 1is also recommended as a field trouble
shooting or startup tool since it provides direct manual
control of SMCC functions and permits a complete diagnostic to
be run on SMCC which tests the following:

1) All manual controls, home, and limit switches

2) Encoders, position, and handwheel

3) Allows the reloading of default i1 parameters for operating
SMCC with DC brush, DC brushless, and AC induction motors.

17)SMCCAD - This is a software diskette for IBM PC allowing the
use of AutoCad, Design Cad, and other Cad systems to be used
as a means for generating two dimensional programs for SMCC.
SMCCAD uses the HPGL output files from the CAD system to
derive SMCC compatible motion commands. The pen UP/DOWN and
pen color selections are used as means to specify subroutines
for actuating various peripheral devices including "z axis"
movement. SMCCAD allows the generation of any type of pattern

including alpha and numeric characters. The procgram also has
the ability to maintain constant feed rate, swap and/or
reverse axis, provide scale factors, etc.

18) THUMBWHEEL MULTIPLEXER (P/N 602178-100) - This accessory is a
printed circuit board which provides needed circuitry for
reading 16 thumbwheel switches via the parallel port of the
SMCC. Up to 32 thumbwheel multiplexer boards can be daisy
chained to permit the reading of 512 thumbwheels or any other
TTL level inputs by the SMCC. The thumbwheels may be either
plugged into the multiplexer board or they may be wired to it

using 16-pin DIP plug-in cables. Also, for simpler
requirements, provisions are made for using 8 position DIP
switches which can be used to input data to SMCC. The

thumbwheel multiplexer board also provides a convenient access
to the M function inputs and outputs of SMCC by providing a
flat cable connection to the J OPTO connector and a terminal
strip for easily connecting external inputs and outputs. Each
of the I/0 lines are also provided with LED indicators.

Please note that if only two thumbwheels are to be used they
may be directly connected to SMCC’s parallel port without the
use of the thumbwheel multiplexer or isolation diodes. Also,
it is possible to connect up to 16 thumbwheels to the SMCC by
using isolation diodes only, however, this method is not
recommended since the noise immunity of the system is

' marginal.

17
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The thumbwheel multiplexer is provided as a basic board with .
four options. The basic board consists of the needed circuits

for addressing (selecting) and reading each of the 16
thumbwheel locations on the board and a connector for
connecting the board to the SMCC. The interconnect cable is

not provided but may be purchased (specify desired length).

Option 1 - Daisy Chain Expansion Connector
This 1is used to allow daisy chaining to the next
thumbwheel multiplexer board for reading more than
16 thumbwheel switches. Each board has an address
selector 5-position DIP switch for setting the
address of each card, 32 maximum.

Option 2 - DIP Switches, 8 position, P/N 76SB08S or 7T6SR0O8
by Grayhill
For using the thumbwheel multiplexer without
thumbwheels, but with DIP switches as data entry
devices. Each DIP switch serves as a two digit (4
bits each) of BCD or binary data.

Option - J OPTO
Option provides the convenience of connecting the
thumbwheel multiplexer board to the SMCC's J OPTO
connector and provides a visual indicator (LED)
for each of the general purpose inputs and 5 .

outputs as well as a terminal strip for access to
the I/0 lines.

Option 4 - Provides thumbwheels and sockets for thumbwheels.
Sockets are soldered by customer at the desired
locations on the board and thumbwheels are then
plugged in.

Thumbwheel by Cherry or equivalent P/N T20-02A
012-0347 Tie Rod
012-0744 Fastener
009-1153 End Caps

Thumbwheel Socket by Edac or equivalent
P/N  307-006-501-104 ALT. 306-006-521-101

19)AMPLIFIER(P/N 602173-100) - A small 50 watt amplifier is
provided: 24 volts, 2 amps continuous, 4 amps peak. The
amplifier is iSBX mounting compatible and can therefore be
used on ACC-14 for driving two axes of small DC motors.

m:smccaxis 18 8/31/89
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POWER~-UP

This section concerns itself with first-time-out-of-the-box
power-up procedure for the "Smart Motion Controller Card"
(hereafter referred to as "SMCC").

Five volt DC power can be applied to the SMCC at J10 Pin 2 = 45V
and J10 Pin 1 = GND or at Jl Pin 6 Row A, B, or C = +5V and J1
Pin 7 Row A, B, or C = GND. Only one of these pairs need be
used. Current required is one ampere.

The recommended way to get started with the SMCC is to apply five
volts DC power to it and observe the local LED status display.
The display should read ".0." for about 1/2 second, then read
".0". 1If this is the case, you can now start to communicate via
the RS232C or parallel port. The SMCC was shipped to you running
as an AQ CARD communicating at 9600 baud, EAROM SAVE ENABLED,
NO SWITCH OR JUMPER changes should be necessary to communicate at
9600 baud.

If the status display shows a ".0." (two dots, one on each side

of the 0), it is an indication that SMCC’s program is not running

and that a hardware problem exists. Check the following:

1) SMCC must be addressed as A0 in order to function correctly
as a standalone card and should have E2 jumpered (and E3 not
jumpered). Any other address, Al to Af, requires that E3

jumper Dbe installed on the card and that an A0 card with E2

jumper installed be on the communication daisy chain in

order to function properly. (In other words, all card
addresses other than A0 require a "Sync" Clock from the AQ
card in order to function properly.) Check and be sure your

card is an A0 by examining the SW DIP switch on SMCC and
insuring that the first four switches are set to "Closed"

position. (Refer to drawing 602154, SMCC E-Point and Test
Point.)

2) Verify that all chips are plugged in correctly and none of
the socketed 1.C.s are loose. During power-up cycle, SMCC
verifies RAM and several other hardware devices. Any
unplugged chips may cause the card to malfunction.

3) Be sure your +5 volt supply is between 4.75 and 5.25 volts.
Use a voltmeter to verify voltage, since even if the green
"Power On" LED 1is on, the power supply may be out of
tolerance. Also, note that only 45 volts is needed for this
test.

20
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If SMCC’s status display shows ".0", you are ready to proceed
since this means the SMCC is okay ("0") and is in position ™.QO"
inside the band specified by (i0l1) parameter (in-position band).
The right decimal point, "0.", indicates a non-fatal following
error (i10). If both decimal points are on (".0.") it is an
indication that SMCC is not functioning correctly (see previous
section). If just a "0" is showing, it means SMCC is neither in-
position nor inside the non-fatal following error band. This
condition should not occur during this power-up test since an
encoder is not connected to SMCC and it should therefore be
within the in-position band.

CONNECTING SMCC TO HOST

Before connecting the SMCC to the amplifiers and motors, it is a
good idea to connect the host to the SMCC and run a test to
ensure that the host and the SMCC are communicating properly.

The terminal can be an IBM PC or compatible running the "SMCQ" or
"SMCC V3.X" IBM PC terminal programs, or it can be any type of
computer or "Dumb Terminal" running in the terminal mode at 9600
baud, 1 start bit, 8 data bits, no parity, 1 stop bit, hardware
handshake (RTS,CTS), half duplex. The DSR, DTR signals are not
used by the SMCC but are tied together at the SMCC. If the
terminal cannot run at 9600 baud, select a different baud rate
using the SW DIP switch.

Connect the SMCC to the terminal via the supplied RS232 cable

(Accessory 3) with +5 volts power applied to the SMCC and the
terminal turned on.

Refer to SMCC V3.X Manual for a description of operation with an
IBM PC host.

Send a "U"™ (75H) ASCII character, followed by <CR> (0DH),
carriage return, to the SMCC. The local LED display should read
" 7" which indicates a bad or unrecognizable command was received

since "U" is not a valid command. If this is true, the terminal
is communicating with the SMCC. To clear the error, simply send
a <CR>(0DH) character. The status display should now display
" . O" .

If you are having a problem establishing communication via RS232
from the SMCC to the host computer, here are some possible
causes:

1) No power on SMCC.
2) RS232 cable not plugged in correctly or improperly wired.

The minimum number of interconnect wires needed to
communicate with the SMCC from the host computer are:
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J2-RA12 <mommmm e 2 TXD/
J2-RA1]1 = m e > 3 RXD/
SMCC  J2-R10 <====-mmmmm e 4 RTS HOST
J2-A8 e > 5 CTS
J2-AT7 e 7 GND
3) SMCC baud rate and/or card address set wrong. Unit is

shipped at 9600 baud, addressed at A0, EAROM enabled.
(All switches on SW switch closed.)

4) Host baud rate set wrong. Host should be set to 9600
baud, 8 bits, 1 start bit, 1 stop bit, no parity.

5) Signal swap on TXD1l, RXD1 and RTS, CTS. Check configuration
jumpers E7 and E5. Unit is shipped with data input on
"TXD/" and data output on "RXD/", handshake input on "RTS",
handshake output on "CTS". Some hosts require the opposite.
Use E7 and E5 to swap signals or rewire your cable.

6) Host computer is not setting the "RTS" handshake line high.

7) If communication is erratic, check to see if:

a) Data cable is too long,

b) Not shielded,

c) Too close to high noise environment, such as a power line
or amplifier and motor lines.

d) Cable has too much capacitance for data rate being used.
For long data runs use Belden 9863, 3 Pair 124 Ohm Twinax
AWM, style 2094, or equivalent cable which has low
capacitance and is especially made for long distance data

transmissions. In general, RS232 cable length may be
four feet for 38,400 bauc and the distance can be doubled
for every reduction of baud rate by half. This rule may

vary greatly depending upon the electrical noise in the
environment and the cable type and gquality you are using.
e) 1f you are using the SMCC V3.X IBM PC based software, be
sure you have selected the proper communications delay

setting for vyour computer. Refer to SMCC vV3.X
instructions. If you are in doubt, set the delay (clock
speed multiplier) to nine. This will ensure sufficient

communications delay, although it may make program
response sluggish.

Once you’ve established good RS232 communications, type 1031
<CR>. This 1is the default value and should place the SMCC in a
"prompt" mode. The SMCC will echo or prompt with a "line feed"
LF (0AH) character when it receives a "carriage return" <CR>
(ODH) character which terminates an instruction. In case an
error in communications is detected, such as a wrong command or
unrecognizable character, the Standard SMCC sends Dback a "?v
character, while the Parabolic SMCC sends the "bell" character,
which emits an audible character when received by a terminal or
PC. The prompting feature may be disabled by setting i03 to 0.
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Also, remember that in order to receive information from the

SMCC, you must address it first (once after each power up or
reset) even if you are using a single card (AQ0). Use the "An"
(n=0 to f card number) Command followed by a carriage return.
You may then send the following error "f", position "p", or
status "?" requests one at a time, followed by <CR> to which the
SMCC will promptly respond. In this case, Dboth position and
following error will return a (0). Also, you may request the

SMCC +to send its "%" feedrate value Dby typing % <CR> or its i
parameter values by typing inn <CR>, where nn is 00 to 99 for the

parameter you want to see. An "ix" requests all parameters. The
SMCC will send back the stored value of the parameter(s) you
requested. Please refer to "Command Summary" for a list of all

commands that may be used to request various information from
SMCC. If you are using the SMCC V3.X IBM PC program, refer to
its manual for receiving data from the SMCC. And refer to 1
Parameter Instructions Section and E-Point Description Section
or detailed explanations.

If you are using parallel communications, first establish that
SMCC is okay by using RS$232, then proceed to use the parallel
mode. Use the SW switch to change communications mode.

8) Verify software version used. It may be sometimes necessary
to establish the operating software version the SMCC is
operating with. The version number is recorded in the PROM
of the SMCC always at the same location and may be read as
follows:

For Parabolic:

Type r 2034, 5 <CR>. This is the SMCC’s "Read Memory"
Command and causes five bytes of data stored and starting at
memory location 2034 to be sent back. Data displayed is in
hex ASCII format. For example if the following data 1is
sent: 32, 2e, 35, 39, 50 it may be interpreted as
2,.,5,9,P, which means the software version is VERSION 2.59
Parabolic.

For Standard:

Proceed in the same manner. Type r 202e, 5 <CR>. If the
response 1is: 32, 2e, 33, 39, 20, it is interpreted as 2, .,

3, 9, space which means the software version is VERSION 2.39
Standard.

SMCC OPERATION VERIFICATION

In order for the user to guickly establish SMCC’s functionality,
a series o0f simple procedures are described below. The
procedures are based on a "Bench Test" requiring only the SMCC,
a +5 volt power supply, an RS232 cable, and a host computer or

terminal. The test philosophy 1is based on commanding the SMCC to
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move and since no position encoder or resolver feedback is
present, to cause the SMCC to generate a following error thus
indicating that it receives and executes commands correctly and
detects a following error when position feedback is not present.

With SMCC connected as discussed above, first be sure to either
cycle power or reset the SMCC by grounding J1B - 19 or J7 - 15
(RESET) momentarily and to send an A0 <CR> Address Command to
SMCC thus enabling it to send data back when requested.

Send a "p" (70H) ASCII character (position request) followed by a
<CR> (0ODH) carriage return to the SMCC. The terminal should
display (0 0).. Please note that if il5 is set to one (X axis
only, Y axis disabled), then position returned would be one (0)
for the X axis only.

Send a "?" (3FH) ASCII character (status request) followed by a
<CR> (0ODH) <carriage return. The terminal should display
(00008888) for non-parabolic, Standard SMCC and should display
(0000a0a000000000) for a Parabolic SMCC.

Proceed to disable SMCC’s travel 1limit protection by installing
jumpers as follows:

Jl-A4 = Y + Limit (YPLM) AND J1-A5 = Y-Limit (YMLM) tied to

J1-A7 GND and J1-C4 = X + Limit (XPLM) and J1-C5 = X-Limit
(XMLM) tied to J1-C7 = GND. This will enable both the X and Y
axes. Please note that both X and Y limits must be grounded,

even if you are using one axis only.

Now send a "J" (4AH) ASCII character followed by a <CR> (0DH)
carriage return to the SMCC. This is the "Jog X Axis in Positive
Direction”™ Command.

Within 1/2 second the local display should read " 2." indicating
the SMCC tried to jog in the (+) direction and the following
error stopped it since there is no encoder feedback.
Reset the B5MCC by cycling power or grounding the INIT 1line
(reset) at J1B-19 or J7-15. Then try "j" (6AH) ASCII character.
Results should be the same as for the (upper-case J). Reset the
SMCC again.

If the Y axis is enabled (i15 = 0), send "JY"™ (4A 59H) ASCI1I
characters followed by a <CR> (0DH) carriage return to the SMCC.

This 1s the command for jogging the Y axis in the positive
direction.

Within 1/2 second the local display should read "2, w indicating

the SMCC tried to jog in the (+) direction and the following
error stopped it.

Reset the SMCC by cycling power or resetting, then try “JY" (6a
59H) ASCII characters. Results should be the same as for the
upper-case JY.
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This error "2." is caused by the lack of motor encoder feedback.
If it does NOT occur, it mneans that the SMCC receives your
command to Jjog but is wunable to make its move due to some
requirement that is not being met or 1is disregarding the
following error. Check the following items in order to ensure
that SMCC is enabled to make its move and able to detect
following error:

1) Check 100 and be sure that it is not set to "0" since this
disables following error detection and SMCC will continue to
"move" without stopping and will disregard any following
error. The wvalue of 100 should be set at a wvalue of
approximately 2000.

2) Check 114 and be sure it 1is set to "0". If it is set to
"1", the SMCC requires an analog 0 to +5 volt input in order
to set its feedrate. The input is at J1-Cl1 (ANA2) and may
be set to zero or disconnected. To be sure SMCC can move,
set 114 to *"0". This makes it use the % Feedrate Command
for feedrate control instead of the analog signal input.

3) Check 106, the feedrate value, and be sure it is not set to

non, If it is, set it to a small value of 5000.

4) Check 131[i51], the jog feedrate, and be sure it is not set
to "0". If it is, set it to a value of 64 to 128, 25/50% of
maximum.

5) Check 116 and be sure it is set to "0" or "1". If it 1is
set to "2" or "3", SMCC requires an external

pulse/direction or quadrature clock at its handwheel input
to generate 1its feedrate, and the "%" Feedrate Command 1is
disabled. To be sure SMCC can make its commanded move, set
il16 to "0".

6) Check and be sure that the "%" Feedrate Command is not set
to "0O". The default wvalue is 65498. If % 1s set to "0v,
the SMCC will not make any moves,

7) Be sure the X and Y "+" and "-" travel limits (J1-C4,J1-
C5,J1-A4, and J1-Ab) are ALL grounded.

8) Check again and be sure your terminal is sending correct
data to SMCC. If the Jog Commands are not being received,

SMCC will not make any moves. At this point you may wish to
try direct Jog Commands by using the control panel connector
pins (JPAN) to issue a hardware Jog Command to the SMCC.
Successively, one at a time, jumper:

JPAN pin 3  Y-JOG (3Y)
JPAN pin 4 X-JOG (3)
JPAN pin 5 Y+JOG (JY)
JPAN pin 6 X+JOG (J)
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to JPAN pin 26 which is ground and activates the Jjog
function. If SMCC then does not detect a following error
"2.", then check your RS232 setup again. However, if all of
the above are set and executed correctly and you are still
not able to cause SMCC to make a following error "2." when
you issue the Jog Command, you may have a defective SMCC.
Call the factory for assistance.

CONNECTING STANDALONE SMCC TO SYSTEM (PRE-INSTALLATION CHECKS)

Before connecting the SMCC to the servo amplifier/motor it is
important to set up the amplifier/motor by itself. A tachometer
type system is assumed here (a tachless system is described
later). Follow the manufacturer’s recommendations and "“tune"
the amplifier for optimum performance so it controls the motor
in a "critically damped" manner. Check speed and direction of
motor travel (use a small power supply or battery for the
amplifier signal input). The SMCC generates a positive signal
for motor travel in the positive direction so be certain that
with a positive input signal, the amplifier turns the motor in a
rotation that will cause the machine to move in the "4n
direction. To change motor direction, swap both the tach +/-
leads and the motor +/- leads.

Set up motor speed so that with approximately 8.0 to 9.0 volts of
error signal to the amplifier, the motor’s RPM is the maximum you
expect in your system. This leaves some "head" room for the SMCC
to operate. This test is valid only for amplifiers which are
being used with tachometer feedback from the motor. Please refer
to the end of this section for discussion of differences between

tachometer (velocity loop) and non-tachometer (torque loop)
operation.

It is recommended that the host, SMCC, and amp/motor be connected
to each other for testing and set up prior to connecting the
motor to the machine. If you are using linear encoder scales,
this is not possible and the tests must be done on the machine.

After connecting the SMCC to the tuned and stabilized amplifier,
check to see that if you issue a "J" (4AH) Jog in Positive
Direction Command, the position the SMCC is displaying or can
send back to you when you send it a "p" (70H) Position Request
Command, 1s also increasing in the positive direction. If it is
not doing so and 1is increasing in the negative direction, it

means that you have connected the amplifier backwards (wrong
direction of motion).

To correct this, you must change three items:

1) Reverse the motor’s +/- leads
2) Reverse the tachometer’s +/- leads (only in tachometer
systems)
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3) Swap the encoder’s A and A/ leads for B and B/ and vice
versa o0r, to avoid rewiring the encoder, use the 139[i59]
parameter. Change it from a "3" to a "7" or from a "7" to
a "3" (see 139[i59] description).

This procedure should correct the direction discrepancy Dbetween
the SMCC commands and the direction of motor travel.

It is also possible that the motor will simply "run away® at high
speed. If this occurs, simply perform step 3 above (swap encoder
A and B channels in hardware or software), but only if you have
previously made sure the amplifier/motor are properly connected.
You should then recheck your direction polarity for correctness
again. Refer to the following documents in order to insure
proper connection to amplifier/motor:

1) 602103 - Two Axes Servo Motor Positioning System

2} Drawing - SMCC Servo Amplifier Signal, Power & Motor,
Tach & Encoder Input/Output Connections

3) Schematic - J1 - (JMACH) for Encoders
4) Schematic - J1/J10 for Amplifier

I1f for some reason the SMCC and amplifier/motor are not
functioning correctly together, check the following:

1) A Jog or Move Command is issued and the motor does not
move:
A. The SMCC displays a following error "2." after command is
issued. .

1) Check that SMCC 1is correctly connected to amplifier
and that amplifier is not disabled.

2) Check that motor is correctly connected to amplifier.

3) Check that 120[140] (proportional gain) is not set
to zero.
4) Check that 1i32[1i52) (PWM limit) which controls the

magnitude of SMCC’s output is not set to zero.

5) Check that the +/- 12 to 15 volt power supplies
needed by SMCC’s optically isolated error output
(command) signal are present at J1-A29 or J1-C29 for
+15V (P15A) and J1-A25 or J1-C25 for =15V (M15A) and
that the return (AGND) is applied to JI-A30 or J1-C30.

B. The SMCC displays ".0" (no error) and is in position:
This means that SMCC 1is not accepting or 1is not
executing the jog regquest or the command. Please go over
the same check list used to check the SMCC alcone and
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insure that communications between the host and SMCC are
functioning correctly.

2) A Jog or Move Command is issued and the motor is moving but
not at the correct speed. Following error may or may not
occur.

A. Check that 106 (machine feedrate) and i31[i51] (jog
feedrate) are properly selected. If the encoder has 2000
counts per revolution and 106 is set to 4000 and i31 is
set to 128, the motor should turn at one revolution per
second.

B. Check that i32[i52] (PWM limit) is set high enough to
attain desired speed. 255 is maximum and will output +/-
10V. A low value prevents SMCC from driving the
amplifier fast enough.

C. Check that 133[i53] (PWM protective limit) is set high
enough (set to 255 to disable its action).

D. Check 120[i40] (proportional gain) and be sure it is set
high enough.

E. Make sure that the (P15A) +15 volt and (M15A) -15 volt
power supplies for the SMCC'’s optically coupled command
output are at least 12 volts. The SMCC will operate with
less voltage but will not be able to attain maximum
speed.

F. Be sure that "E1" for X and "E9" for Y jumpers are
installed. Without these jumpers, SMCC’s output is only
+/- 5 volts with respect to AGND. If the amplifier has
single-ended input, it will not function properly.

If you are using a differential input on the amplifier,
then El and EY should be left out, since most amplifiers
only require a +/- 5 volts differential input.

G. Check that (Phase 1/) X axis output and (Phase 3/) Y axis
output are not shorted to ground. If not used, these
should Dbe left floating. Grounding either one will
reduce the output levels at (Phase 1) and (Phase 3) which
actually drive the amplifier.

You may also use the "0O" (4FH) (upper-case 0O) Command to set the
proper speed on the amplifier/motor. The "O" Command places the
SMCC in an open loop servo mode and outputs a DC Velocity Command
signal to the amplifier. For example, for the X axis 0255 will
output +10.0 wvolts to the amplifier, 025 will output
approximately 1.0 volt, 0-64 will output -2.5 volts, and so on.
For the Y axis use 0Y255, 0Y-32, and so on. Using the "O©
Command, send 8.00 volts, approximately 0200, and using the
amplifier’s "signal" potentiometer adjust the motor RPM to be the
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maximum RPM you will require in your system. To exit the ©0O"
open loop mode, send a "g" or "Q" Command to SMCC.

Exercise CAUTION and always start with small "O" wvalues and
increase gradually.

If possible, now mount the motor on the machine and verify that
the amplifier/motor combination you are using provides you with
sufficient power to achieve your desired accel and decel times.
Looking at the tach signal with an oscilloscope will give you
accurate readings, or, if you are using Parabolic SMCC, you may
use the "data gathering”™ feature to evaluate your system and
optimize the servo parameters.

Also, SMCC V3.6 or higher software diskette for IBM PC (ACC-9)
provides an interactive tuning procedure you may use to optimally
tune and adjust the motor/amplifier.

NOTE: If you are not achieving desired performance with the
amp/motor, connecting the SMCC will not improve your
system performance. If anything, it will slightly degrade
it. Total accel and decel times are measured as follows:

2 2 1/2
Ts = (Tm + Tc )

Where: Ts - is the system response,

Tm - is the machine response with motor and amplifier alone,

Tc - is the SMCC’s accel or decel time and is a function of i08
Or "t"
For example, if Tm is 100 msec. and Tc is also 100 msec., Ts =

1.4 x 100 = 140 msec.

You are now ready to connect the SMCC and the amplifier/motor to
the machine.

CONNECTING HOST, SMCC, AMPLIFIER/MCTOR, MACHINE

Exercise caution when turning on your machine with SMCCs and
motors/amplifiers connected to your machine, as wiring errors can
cause dangerous "runaway" conditions.

1) Make sure that the encoder wiring is as it should be and
that the limit switches are properly connected. If a single
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axis is used, it must be addressed as AO. If multiple SMCCs
are used, the communication daisy chain must be
installed and at least one SMCC must be addressed AOQ.
The A0 card must be the only one with a jumper installed at
E2. The rest of the SMCCs should have a jumper installed at
E3.

If the amplifier has a disable input, disable the amplifier
and turn the power on. No motion should occur. Motor
should be free to move. Move motor so at least 2000 encoder
lines are generated by the motion. The SMCC’s local display
should read "2." indicating a following error has occurred.
Reset SMCC and try motion in opposite direction. Same thing
should occur. This indicates that the encoder is properly
connected and the SMCC is reading it. The following error
occurs because the encoder is moving without being told to
do so.

If the local display does not read "2.", the encoder
connections are not as they should be. Do not go to step
(3) until this step is completed.

This test verifies that the encoder is properly connected
and that the SMCC is detecting following error correctly,
since a motion of the motor (or encoder counts received)

without a command to do so must result in a following

error.

NQTE: For test purposes it may be desirable to rotate
the encoder itself rather than the motor to
generate the following error. This test applies
to either incremental encoders or absolute

position synchro or encoder feedback.

Enable amplifier and apply power, being careful to quickly
turn it off if rapid motion occurs. If the encoder
direction is wrong, the motor will attempt to move quickly
(runaway) and the SMCC will generate a following error:
status display will read "2.°v. To correct this, change
encoder direction by either swapping the encoder’s "“A" and
"B"™ and "A/" and "B/" channels or by using 139[i59]
parameters on SMCC. See i39(i59] description.

The system should be stable and motionless on power turn-on.

The motor shaft should resist being turned and should hold
position.

Now try Jjogging either by using .control panel inputs or
host commands. The motor will move at a velocity of 1600
encoder counts/second. To go faster or slower use 106 or
"$" Commands. It is possible that as you try to Jjog the
motor, the SMCC will generate a following error "2.". This
may be because 120[140) (proportional gain) is set too low
and SMCC isn’t "pushing" hard enough.
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Send an "AQ0" Command then a "p" (70H) (send position)
Command. The SMCC will report its position. On power turn-
on or reset, position shouid be :zero. If it isn't, wuse
amplifier balance pot to adjust position to zero or activate
i23[143)] (integral gain or auto bias generator) with
approximately ten. To remove the position error be sure 109
(integrator mode control) is set to a one which activates
the integrator only when the SMCC is at rest. Adjust
i20[(140)] (proportional gain) up or down from 50 to suit
your needs. With proper gain, the motor will get into
position without overshoot or dragging. Typical gains are
between 50 and 1,000 for a system with tachometer. Then
adjust 108 for desired accel and decel time.

NOTES: 1) If you have a non-Parabolic SMCC and need more
gain, use 130[150] to multiply the 120{i140)
values by 256. (See 130 Description)

2) Please refer to "Tach" and "Tachless" tuning
procedure for Parabolic SMCC as it provides
more insight into tuning procedures.

Write a small program like:

z50 ;Clear buffer and
;assign 50 steps in
;buffer for program.

F1024 ; Set feedrate to
;100% of 106 value.
;:Note that 1f feed-
;rate Command is not
;issued SMCC will not

;move.

X10000 ;Go to position 10000

X0 ;Go to zero

END
and step through it wusing the "S" (53H) Step Command or
control panel "Step" switch. Change machine speed by using

i06 or "%" Command or changing the "F" feedrate number.

In order to write a new program the buffer must be cleared
by using the "z" (7AH) Command. To try the "home" Command
you must first set 104 to some number like 25 (10%) and
check that by using 1i26[i46] you have chosen the correct
polarities for your "Home Flag Switch" and encoder "C"
channel then issue the "h" (68H) Command or activate the
control panel "Home" switch. The SMCC will start homing
until the machine home flag switch is activated; it then
looks for the encoder “C" channel. When the "C" channel is
found, the SMCC will reverse forward by 50 encoder counts
(set by 125[145]) and call that position zero or "Home".

YOU ARE NOW READY TO USE YOUR SYSTEM!!
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Some of the finer points of setup, however, require further
discussion since applications and requirements vary greatly. The
following descriptions are general in nature and the user should
apply his own techniques to optimize his application.

Differences between setting up a system with tachometer velocity
feedback (closed loop servo amplifier) and one without tachometer
(brushless motor or direct driven DC motor) are as follows.

SYSTEMS WITH TACBOMETER USING PARABOLIC OPTION

The Parabolic SMCC allows you to "gather" motion profile data and
display it on the screen. Refer to SMCC V3.X IBM PC diskette for
details of operation. The diskette also contains an SMCC Tuning
Procedure which can be used to set up and optimize your system.

Generally, these types of systems provide a tighter servo loop at
low velocities and at rest and are easier to optimize on a
standalone basis since the motor is able to move in a stable
fashion due to the closed velocity loop. They do, however,

exhibit relatively large following errors due to the tachometer
feedback.

The main difference between a Standard SMCC and a Parabolic
version for servo tuning is the fact that the Parabolic version
has two additional terms in the servo equations which are:

1) i22[i42] Velocity Feedforward term (Kvff), which is used to
counteract the effect of the i21[i41] feedback term and to
reduce or eliminate following error at various velocities.

2) i30[i50] Acceleration Feedforward term (Kaff), which is used
to reduce or eliminate the following error peaks which occur
during accel and decel.

Also, the Parabolic version’s i21[i41) velocity feedback term
(Kd) operates differently that the equivalent term in the
Standard SMCC. 1In the Parabolic version, the higher the 121[i41)
number (range is 0 to 255) the larger the feedback term and the
more stable the system. In the Standard version, due to a
different servo filter implementation, the converse is true. A

smaller number provides greater feedback. (See 121 for further
explanation.)

First, set 121[i141) (feedback gain), i22[142) (velocity
feedforward), and i30[i50] (acceleration feedforward) to "0" and
adjust 120[140] (proportional gain) so that moves are made as
smoothly as possible and without overshoot. Adequate gain values
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will range on the lower side and will tend to be in the range of
5 to 1600. The system should be as "tight" as possible without
becoming unstable, breaking into oscillations or overshooting
position or velocity. ©Note that the amplifier itself must first
be tuned correctly before attempting a closed-loop setup.

Then, use 108 to provide accel and decel ramps as required to
reduce overshoot as programmed velocities become higher until you
reach your system’s desired velocity. Set 108 (integrator
control) to one and activate 123[i43] (integrator gain) to
approximately ten. These steps activate the error integrator at
rest only and will provide excellent position stability and
repeatability. The integrator will automatically monitor any in-
position errors caused by friction, eccentric loads, temperature
drifts, etc., and will compensate for these disturbances Yo)
that position error becomes zero. If it 1is necessary to
reduce run-time following error, adjust 106 for desired velocity
nd issue a Jog Command. Use 122[i42] (velocity feedforward) by
slowly increasing it and examining the following error (F.E.)
with the "f" (66H) Command. Note that the less the F.E., the
snappier the move becomes and there may be overshoot tendency
when getting to position.

I1f the application requires a "“zero" F.E. such as in accurate
velocity-locked web controls, 123[i43] (integrator) may be
activated during the move by setting i09 (integrator control) to
"0" instead of "1". It is best to use this method only in
systems that are velocity based (will run forever) without many
start and stops since it is sometimes difficult to compensate for
the integrator’s effects during accel and decel. 130([1i50])
(acceleration feedforward) may be used to compensate the
integrator’s overshoot tendencies.

NOTE : It 1is possible to increase 122([i42] (velocity
feedforward) to the point where the F.E. actually goes
through zero and <changes sign, meaning that the system
is now being pushed so hard that the motor is actually
leading the desired position. This, 1in general,
should be avoided since it may cause undesirable
overtravel when arriving at destination.

Assuming that we have a small following error while the system is
moving steadily, a more careful examination will reveal that
during acceleration and deceleration, the F.E. exhibits peak
values; this is normal since the system is changing velocity and
F.E. is trying to keep up. To reduce or eliminate the F.E. peaks
during accel/decel, use the 130[1i50] (acceleration feedforward)
term since 130[1i50]) compensates for rate of change of velocity.
This may be used to even eliminate in-position arrival overshoot.

In this setup procedure, note that 121[i41] (differential gain)
has been left at "O". This 1s because 1in systems with a
tachometer the amplifier 1s provided feedback gain by the
tachometer and there should be no need to use 121[i31] to
stabilize the system. If there 1is a need (and this 1is not
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recommended since it indicates a problem with the amplifier,
motor, mechanical system) to use some amount of feedback
(differential) gain, the values should be small, 1 to 5 or 10,
and should be compensated by a corresponding increase of the
1221i42] (velocity feedforward) term in order to keep the F.E.
the same.

To summarize the procedure for a tachometer system, the following
applies:

1) i20[i40] (Proportional Gain) - Use as large a value as
possible without inducing instability or oscillations.
(Typical values - 5 to 1000.) The higher the wvalue the
snappier the system and the smaller the F.E.

2) i21[i41] (Differential Gain) - Set to zero value. You
should not have to use this since the amplifier is using the
tachometer as negative feedback. If you do use i21[i41}],

then increase 122[i42] correspondingly to cancel out the
increased F.E.

3) i22[i42] (Velocity Feedforward) - Use this term to reduce or
eliminate following error during a constant velocity move.
(Typical values - 1 to 50)

4) i30[i50] (Acceleration Feedforward) - Use this term to
reduce or eliminate following error during the accel/decel
part of the move only. (Typical values - 1 to 50)

5) i23[i43] (Integral Gain) - May be used two different ways:

A. Active only when in position by setting i09 to 1.
B. Active both during a move and at rest, by setting 109
to 0.

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 for counteracting the effects of temperature, time,
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. Unlike
the integrator, the 122[142) (velocity feedforward) term
provides a constant correction value for following error and
will not correct a changing condition. The disadvantage of
having the integrator turned on at all times is that if the
system will be start/stopping or changing speeds
(accel/decel), 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 and may
cause undesirable overshoot.
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6) iog (hccel/Decel) - This parameter controls both the
acceleration and deceleration time and must be set to a
value the amplifier/motor system can handle. Too small a
value causes the amplifier to be unable to start or stop the
motor in the specified time (amplifier current limit may
occur) and this results in overshoots which cannot Dbe
corrected by any SMCC servo parameters.

It is important, therefore, to "size" the system properly
for amplifier power level and motor torque and speed to
properly handle the friction and inertial loads of the
system. (Typical values of 108 are 50 to 1000.)

SYSTEMS WITBOUT A TACHOMETER USING PARABOLIC OPTION

The SMCC V3.X (Version 3.6 or greater) IBM PC terminal software
provides special "Servo Tuning" aids which guide the process of
tuning the servo system. By providing position, velocity,
acceleration, and following error plots, augmented by correlation
and ratio calculations, the SMCC V3.X provides a means of
optimally tuning the servo quickly and with great precision.

When driving brushless DC motors, AC induction motors, or brush
motors with current amplifiers (also known as "transconductance
amplifiers"), the SMCC is equipped to provide the necessary
compensation factors to stabilize the position and velocity
control loops.

Most commercially available DC closed loop servo amplifiers have
a special low gain (current mode) which is strap selectable
and enables them to be used in tachless applications. Amplifier
gain should be set such that an input voltage of 0 to 10 wvolts

will provide from zero to the maximum current the amplifier 1is
capable of.

In general, the main advantage of & tachless operation is that
the system following error will be very small and the system is
much more responsive since the SMCC has direct control of
the motor current. The disadvantage 1is that the motor at
rest (in-position) or at low velocities will exhibit more
softness because the encoder does not provide good velocity
feedback when it 1is moving slowly or 1is at rest. This problem
can be improved by using the 1/T feature of the SMCC and by
using an encoder with high count resolution. The greater the
encoder counts per revolution, the better the system will
operate. The limitation in increasing the encoder counts/rev. is

that at high RPMs the encoder’s output frequency capability may
be exceeded.
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The main differences between setting up a tachless motor using a
current loop amplifier are:

1) It is more difficult to set up the amplifier/motor by .
themselves since the motor will "run away" even with a small
input voltage, since there is no stabilizing feedback.

2) The output from SMCC to the amplifier now represents
"torque"™ or "current" demand and is not a "velocity"
Command. This 1is an advantage, since now the SMCC can be

commanded to control torgue as well as position, velocity,
and acceleration.

3) The SMCC now has to provide the necessary feedback
(differential) compensation by using the encoder or resolver
on the motor and its internal digital filter.

4) The value of 1i20[i40] (proportional gain) that must now be
used is much larger than with a tachometer system. Increase
the gain gradually until desired stiffness is obtained.
Also observe that the following errors are now much smaller.

You may refer to the tuning procedure described previously for
the tachometer type system since all statements apply equally to
both tach and tachless systems, with the exception that the
i21[141] (differential gain) term must be non-zero and set to
a value of approximately 5 to 100 in order to provide the
necessary stabilization for the system. Use the smallest
possible value to achieve stable operation. A good test is to
(WITH GREAT CAUTION!!!) manually disturb the motor shaft and
observe that it returns to rest "cleanly"” and without damped
oscillations. Too small a value will cause sustained oscillations
upon disturbance. Also, short start/stop moves may be used to
observe how well the motor comes to rest., The greater 1i21[i51)
the more stable the system becomes but also, the greater the
following error.

122[142) (velocity feedforward) should be used, as in tachometer
systems, to reduce following error while running at constant
velocity and to compensate for the following error caused by
121[1417. In general, the wvalue of 122[1i42) should be very
nearly equal to the i21[i41] value. All other procedures for

system tuning are identical to those used with the tachometer
type setup.

BRUSELESS DC MOTOR SETUP (COMMUTATED BY SMCC)

When setting up a brushless servo, the first consideration is to

ascertain whether the SMCC must provide the phase commutation.
IF THE AMPLIFIER REQUIRES ONLY ONE +/- 10 VOLT SIGNAL TO DRIVE .

THE MOTOR AND IT PROVIDES THE PHASE COMMUTATION REQUIRED BY THE
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MOTOR, THEN THE SMCC DOES NOT CONSIDER IT TO BE A BRUSHLESS
SERVO. The servo is considered to be brushless only if the SMCC
is reguired to provide two out-of-phase signals and commutate the
motor directly. The amplifier would need to provide all other
phase currents by using "balance loops". 1If the amplifier is not
equipped with "balance loops", then the SMCC ACC-8V can be used
to provide the additional phase. All other servos should be set
up the same as DC brushed motors.

The brushless motor parameter 113 must be set to one and the
induction motor parameters must be set to zero before the SMCC
will try to phase a brushless motor. The induction motor
parameters for parabolic option are i42 and 145 and for non-
parabolic the only induction motor parameter that must be set to
zero is 151. When first setting up the brushless motor it is
best to set 141, 145, and i54 to zero.

The number of counts per electrical revolution must be entered
into 140. This can be calculated by dividing the number of
counts per revolution by the number of cycles the motor makes per
revolution. The number of cycles the motor makes per revolution
is one half the number of poles (the number of pole pairs) the
motor has. For example, an eight-pole motor is also a four-cycle
motor. If the encoder produces 2000 counts per revolution, then
the number of counts per electrical revolution will be 2000/4 or
500 counts. This number must be entered into 140. Make sure
that the number of counts per revolution includes any
multiplication factor on the encoder.

The next parameter that must be entered is the phase type of the
motor. If the motor is a 3-phase motor then 144 must be set to
one. I1f it 1s a 4-phase motor then 144 must be set to zero.
This parameter is used to set up the phase shift between the two
drive signals. For a 3-phase motor the phase shift will be 120
degrees and for a 4-phase motor the phase shift will be 90
degrees.

The next two parameters that must be entered determine the

current and time allowed to phase the motors. The time 1is
entered into 152 in multiples of about 44 msec. If 40 is entered
into 152, then each phasing position is allowed about 1.75
seconds to settle. The current output to the motor 1is entered
into 153. This current should be large enough to overcome any
friction in the system but not so large that the motor never
settles down in the time allowed. The SMCC first drives a

current through one of the phases for the time entered into 152
and then moves to the next phase for the same length of time. At
the end of this phasing time the SMCC assumes that the motor 1is
at a position with minimum torque. The SMCC initializes its
phase position to its present position and produces torgue by
adding or subtracting 390 electrical degrees to its present phase.

Once the motor has gone through its phasing cycle, the direction

of the encoder must be verified. The SMCC should be commanded to
output a constant torgue using the "0O" Command. The number sent
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by the "0O" Command should be large enough to overcome any
friction in the system. It should result in an increasing
velocity until the friction equals the commanded torque. If the
motor locks up and does not start rotating, then most likely the
encoder 1is counting in the wrong direction. There are two ways
to fix this condition, depending on which direction is desired to
be positive. If the encoder is counting in the right direction,
then two of the phases on the motor must be changed. If the
encoder 1s counting in the wrong direction, then all that is
required 1is to change the 139 parameter for the opposite
direction. Add or subtract four from its present value and enter

this new value intc i39. Once these changes are made the motor
should be re-initialized by sending a "$" to the SMCC or cycling
power. If power is cycled be sure to save the new settings

before removing power.

Once the motor turns freely with an "O" Command, the rest of the
set up 1is the same as a brushed DC motor. Some additional tuning
can be made to the brushless motor while it is moving freely with

an "O" Command. The phase advance parameter can be used to
increase the torque at high speeds. If i41 is changed while in
the "O" Command, the motor speed should change. Use this

parameter to maximize the speed for a constant setting of the "o
Command.

The 115 parameter can be used to select the shape of the drive

signal to the motor. With il5 set to one the shape will be
trapezoidal and also will minimize the duty cycle required to
phase the motor. If a sinusoidal drive is desired, then 115

should be set to zero and the address of the sine table should be
entered into i43. The address for a 3-phase sine wave is 130 and
for a 4-phase sine wave is 131.

AC INDUCTION MOTOR SETUP

Much of the setup for an AC induction motor is the same as for

the Dbrushless DC motor. The number of counts per electrical
revolution is the same and must be entered into 140 and the shape
for the waveform is selected by 115 and i43. There are two
additional parameters that must be entered for an induction
Bmotor. The first is the magnetization current and is entered
into 152 for non-parabolic and i42 for Parabolic systems. This
number should be set to about 25% of the rated current of the
motor. By increasing the magnetization current the motor can
produce more torque (within limits). However, the motor will

produce more heat while standing still.

The magnetization current also effects the KE of the motor. Thus
an AC induction motor designed to operate at a base speed of 1800
RPM (4-pole motor on 60 Hz AC line) may be run at many times base
speed by adeguately controlling the magnetization current.
SMCC’s PLC capability can be used to change magnetization and any
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other servo parameter as a function of velocity, position, or
following error as circumstances dictate.

In general, an AC induction motor can be operated at constant
torque from zero up to its base speed and at constant horsepower
above-its base speed.

The second parameter that must be entered is the slip gain. For
Parabolic a reasonable starting point is about 200 in 145 and for
the non-parabolic the number should be about 10 in i51. These
numbers are dependent on the type of motor being used and the
number of counts on the position feedback device. The best way
to start to optimize the slip gain is in the "O" Command mode.
Try to adjust the slip gain to produce maximum linear
acceleration up to the operating speed of the motor.

Once these parameters have been entered, no phasing sequence is
required since there is no fixed phasing for an induction motor.
If the motor turns slowly when an "O" Command is sent to the
SMCC, then the encoder is most likely counting backwards. The
way to correct this is the same as for the brushless motor.
Either change two phases to the motor or use 139 to change the
direction of the encoder counts. Once the motor turns freely and
at high speed using the "O" Command, the setup is the same as a
brushed DC motor.

USING SMCC WITH A RESOLVER AND PREVENTING START-UP PEASING JUMP
ON BRUSHLESS MOTORS (PARABOLIC SMCC) (COMMUTATED BY SMCC)

The SMCC is designed to function with resolvers or encoders and
to perform automatic phase-finding. The phase finding procedure
requires that the motor shaft move a maximum of one half
electrical motor revolution (90 degrees for a 4-pocle motor) in
order to precisely locate correct motor phasing. Even though the
phase finding time and torgque level are both definable, it is
sometimes undesirable to have a "phase finding" cycle on a
machine especially since full torque cannot be guaranteed during
phasing and motion occurs bi-directionally.

An improvement to this is to use hall effect devices as absolute
position sensors to locate motor windings which then permit the
SMCC to find a phase by making a smaller movement at full torque
and 1in one direction to find a signal edge. Even this small
movement may be eliminated by using a resolver feedback, which

provides enough resoclution to prevent any motion on power turn-on
or reset.

The procedure to follow for eliminating the initial phasing
search when using a resolver is:
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Be sure that 164 is set correctly:

i64 is ffb8 or 65464 for S-type SMCC (also known as Micro
SMCC)

i64 is f£d50 or 64848 for Parabolic SMCC (ACC-14 has E2 on, El
off)

This parameter assigns the memory address at which the
resolver is located.

Set 139 to a value of 3 or 7, which sets up the resolver
parallel-data-to-quadrature converter to provide a X 4
multiplication either in CW or CCW direction. This causes
the guadrature counts to be equal to the resolver counts. If
the direction selection 1is incorrect, the motor will not
phase and either the 3 or 7 must be changed or any two of

the motor leads must be swapped. Having chosen the correct
direction, now set i76 to 1, if i39 is 3, or 176 to 0, if i39
is 7. 176 is used to complement the resolver data and must

be set correctly.

First set 172 = 0, i54 = 0, and reset the SMCC with "S$" or
equivalent. SMCC will now perform its normal power-on
phasing procedure.

When phasing is completed, do a "HOME" with 125 (home offset
parameter) set to 0 (zero offset). This causes the resolver
to be at zero position.

Now read the value of memory location fe26 by issuing an "r"
Command for two bytes: rfe26,2.

The SMCC will send back two hexadecimal (LSByte first) bytes
as the answer which represent the present phasing position
offset. Note that it is important to have done a home with
zero offset before this procedure; otherwise the value of the
resolver position has to be subtracted from the wvalue of
fe26.

Next, convert the value of fe26 from hexadecimal to decimal
and enter this value into i54, phase offset.

Finally, change the value of i72 from "Q" to "3" which tells
the SMCC to skip doing a phasing search and to use the value
stored in 154 as the phase offset.

The user may adjust the value of i54 ir order to optimize the

phase offset. It 1s also possible to change the phasing
angle as a function of velocity by using 141 to generate a
phase shift proportional to velocity. Please refer to i

Parameter Section of SMCC for explanation.

Please be aware that the motor lead phasing and the resolver
rhasing must be set correctly; otherwise the system will
neither phase nor function correctly.
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It should also be noted that the SMCC with Parabolic option
is capable of handling encoder or resolver counts per
revolution which are not divisible by three. This capability
is controlled by i50. Under normal circumstances with 150
set to zero (the default value), 140 is used to define the
number o©f counts per electrical revolution. This assumes
that the number of counts per actual shaft revolution is
evenly divisible by the number of electrical cycles and if it

is, the system can be used normally. In the particular case
of 6-pole motors (three electrical cycles), a division by
three of the 140 wvalue 1s necessary. To use the SMCC's

divide-by-three feature proceed as follows:

A. Set 140 to the wvalue of counts per fhree electrical
cycles. In the case of a 6-pole motor, 140 is set to
the actual count per motor shaft revolution and NOT to
the normally used value of counts per one electrical
revolution. A 12-pole motor, for example, would require
that 140 be set to 1/2 the wvalue of counts per shaft
revelution since a 1/2 revolution of the shaft
represents three electrical cycles for the 12-pole
motor.

B. Then set 150 to one. This action tells the SMCC to use
the 140 number for a 6-pole motor (or 1l2-pole motor) and
perform the divide-by-three function. ‘

You may now proceed to operate SMCC normally. Please note
that setting 150 = 1 does increase the servo duty cycle
somewhat (approximately 5%) therefore, when doing intensive
communication and blocks/second execution rates, do give the
SMCC a bit more time.
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PARAMETERS FOR PARALLEL ENCODERS/RESOLVERS

(Parabolic Version Only)

Value First Second
ACC14 ACC14
(E2 on, (E2 off,
El off) E1 on)

i64([65] x[yl]l Parallel Encoder 64832 J1[J3]
.Base Address . [64835]

i64[65])] x[y] Single Speed Resolver 64848 J7[(J6]
Base Addres [64864]

X Axis Only Using'Dual Resolvers:

i64 X Dual Speed Resolver 64848 J7
Base Address
i68 X Second Resolver 64864 Jo6

Base Address

Y Axis Only Using Dual Resolvers:

i65 y Dual Speed Resolver 64848 J7
Base Address
i69 3% Second Resolver 64864 J6

Base Address

Both Axes Using Dual Resolvers:

164[65] x[y] Dual Speed Resolver 64848 J7 [J7]
Base Address [{64912]

168[69] x[y] Second Resolver 64864 J6 [J6]
Base Addres [64928]

166[67] xly] Second Resolver 0 to 255
Speed

170[71] x[y] Encoder/Resolver +/~ 134217727
Bias

i72[73] x[y] Encoder/First # of bits (See Note 1)
Resolver Size

174[75] x[y] Second Resolver # of bits
Size

176([77) xly] Logic Level Control 0 = Strobe ‘LOW’
Bits Data "‘LOW’

1 = Strobe ‘LOW'
Data ‘HIGH’

2 = Strobe ‘HIGH'
Data ‘LOW/

3 = Strobe ‘HIGH'
DATA ‘HIGH’
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NOTE 1: 1f encoder size is less than 8 bits then a resolver is
enabled. The size of the resolver is 1i72(73) + 9. A
, resolver between 10 and 16 bits can be selected.

NOTE 2: An ACC-14 configured to the lowest possible address (E2

on, El on) will not work properly with absolute
encoders or resolvers.

The position is initialized to the absolute zero extended encoder

reading minus the encoder bias at turn-on. Incremental changes
in the encoder are then used for position and velocity
information.

PROGRAMMING SMCC, GETTING STARTED

The assumption 1is made here that for the X and/or Y axis the
SMCC is up and running with an amplifier and motor connected and
that you have verified the system’s stability and have gone
through the start-up procedure. The following procedure will
require that the motor shaft be free to rotate for extended
periods of time. Therefore, if at all possible, attempt to
disconnect the motor shaft from the machine so as to be able to

follow this procedure without constraints. If this is not
possible or too difficult, proceed with great caution in order to
avoid injury to yourself or damage to your machine. Verify that
' the travel limit switches in the system are fully

functional before proceeding.

You may use a "dumb terminal®" or (highly recommended) an IBM PC
with SMCC V3.X Terminal Program (ACC-9) to program the SMCC. You
may use serial RS232 or parallel communications. It is also
recommended that, if an Accessory 16 (ACC-16) control panel is
available, you make use of it since it provides great convenience
in operating and monitoring the performance of SMCC. Turn power
on and verify that your system is stable and holding position.

Also, verify that position is zero; to do that proceed as
follows:

Type "A0 <CR>" ;You must address the SMCC
;at least once after power-on or
;reset Dbefore you can ask it
;to send any information and data back.
;1f there are more than
;one SMCC in your system, each
;must be individually addressed before
;information can be sent to or returned from
;the particular SMCC.

Then type "p <CR>" ;This is a position request from
;SMCC. It will respond with one zero
;for one axis or two zeroes for two axes.
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Type "f <CR>" ;This is a following error request
;and will also send one or two ‘
;zeroes back.
;Please note that if position shows
;a few counts, such as "4"
;on an axis, the corresponding following

;error will be a "-4",
Type "J <CR>" ;Observe that X axis begins to move in
(Typing a "J<CR>" ;positive direction. Use "p" and "f"
would move in the ;to monitor the move’s progress. You may

negative direction) ;request from and send data to SMCC
;even while it is moving.

14

To change the jog ;SMCC will send the current value
speed,type "i06<CR>";of i06 (machine feedrate).
Now if you type ;Where nn is larger than the current value
"i06 nn <CR>" ;of 106, the speed will increase. A smaller
;value will decrease the speed.

7

;You may also change the
; speed by:

Type "% nn <CR>" ;A smaller wvalue will reduce the speed or
;larger one will increase it; maximum
;value for % is 65535 and default value is
; 654098,
;To stop the jog motion,

Type "J or Q or ;

g <CR>" ;Motion will stop.
, ;To jog both X and Y together,

Type "JJY <CR>" ;Notice that both X and Y axes will
;move and that "X" does not have
;to be typed in but "Y" must be used.

Type "3j <CR>" ;Note that X axis reverses direction.
Type "3jY <CR>" ;Note that Y axis reverses direction.
Type "jjY <CR>" ;Note that X and Y both stop. You could

;also use "Q" or "g" to stop motion at any
;time in any direction.
;To return to zero position (where SMCC
;was before the jog was started):

Type "= <CR>" ;This is the "Return to Prejog" Command and
;the SMCC will begin moving in
;the opposite direction than before
;until it reaches "0" position where it
;started.

Type "v <CR>" ;While the SMCC is returning to
;zero position check the velocity
;0f the motor. Note that if both
;X and Y were moved, the return .
;velocities of X and Y are "Vector Velocities"
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Type "i021 <CR>"

Now type "F 1024
<CR> L1

Type "X 10000
<CR> 111

Type "X 10000 Y
10000 <CR>"

Type " X0 YO <CR>"

I1f your SMCC has
Parabolic option
(OPTION 4),

Type "t512 <CR>"

Type "X1000:0 <CR>"

Type "U 50000 <CR>"

Type HXO <CR>'|

Type "SET 02 <CR>"

Now type "DWE1O
<CR> 131

SMCC START-UP PROCEDURE

;and will arrive at zero at the same

;time. Also note that if the "handwheel™
;was used to move X and Y, the "=" Command
;will also return X and Y to their previous
;position.

;Now let’s proceed to make some

;position command moves in MDI

;mode.

;This places the SMCC in MDI

;mode.

;This sets the feedrate of SMCC to be 100% of
;the 106 parameter.

;In MDI mode, a feedrate "F" or Time

;to move "T" must be used once in

;order to provide the SMCC with feedrate.

14

;The X axis will move to 10000
;encoder counts.

;Only the Y axis, if there is one, will
;move 10000 counts since X axis is
;already there and this is an absolute command.
;Both X and ¥ will return to zero
;position.

;Sets accel/decel time

;or parabolic move time to 1/2 second.
;Tells SMCC to make a parabolic
;velocity profile from 0 to 1000

;counts and have (0 velocity upon
;arrival. The move will take 1/2 second.
; SMCC moves to 51000 counts

;but makes a normal trapezoidal move.
;Return to 0 position. SMCC still uses the 1/2
;second accel/decel time set in MDI.

;To set an output (M02)

;high,

;This command by itself will not

;cause MO2 to turn-on.

;The Dwell Command is a

;Servo Command and will cause

;the SET 02 to execute. MO02 turns on.

I
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Type "RES 02 <CR>"

Now type "X 1000
<CR> i1l

Type 1] O <CR> 1t

Type "1i02 0 <CR>"

Type “z50 <CR>"

[Reserves 50 lines
for the program.]

Type "Z <CR>"

Type "FOR 3 <CR>"
Type "T2048 <CR>"
Type "X 10000 <CR>"
Type "DWE 1024 <CR>"
Type "XO0 <CR>"

Type "DWE 1024 <CR>"
Type "NEX"

Type "END"

Type "R <CR>"

Type "5 <CR>"

Type "S5 <CR>"

Type "S <CR>"

Type "R <CR>"

SMCC START-UP PROCEDURE

;Turn off M02. Nothing happens.
;Notice that M02 turns off as
;soon as X axis begins its
;move to 1000 counts.

;X axils returns to zero. Note that

;the "X" is not needed when commanding
;the X axis moves.

;This makes SMCC exit the MDI mode.
;We are now ready to write a

;small program into the buffer and
;then execute it.

;Clears the program buffer and

;Sets the current position

;of SMCC to zero. Does

;not get stored in buffer.

;Reserves 50 lines for main program
;sets present position to zero.
;Start a loop, do 3 times.

;Specify a move time of 2 seconds.
;Tells X axis to move to 10000.
;Wait one second.

;Returns X to zero.

;Wait one second.

;End of Loop.

;End of Program.

;The "Run" Command will cause the
;SMCC to execute the program continuously,
;go to position 10000, wait 1 second
;return to 0, wait 1 second and
;start again. It will do this

;3 times and stop at zero.

;The time for each cycle is:

72 + .5 4+ 1 + 2+ .5+ 1 = 7 seconds
;the 0.5 seconds are the decel time,
;set by t512 when in MDI mode,

;/see above. Move time (T) does not
;include decel time.

;The "Step" Command makes

;the X axis move to 10000 in

; (2 seconds + 0.5 seconds) = 2.5 seconds
;and stop. The program will execute
;one step at a time.

;No motion occurs in position.

;Turns off for 1/2 second. This is the Dwell.

¥
;X axlis returns to zero.
;

; The Run Command starts
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;continuous execution of the
;program until completed.
;Now, let’s assume the
;"T" time should be changed to
;1 second instead of 2. To
;edit, proceed as follows:
Type "REPO <CR>" ; SMCC does nothing, but is now
;placed in Edit Mode. This is the
;editor Replace Command.
Type "LIS <CR>" ;SMCC now sends all of the
;stored program, but adds line
;numbers to the date:
;0000: FOR 3
;0001: T2048
;0002: X10000
;0003: DWE1024

;0004: X0
;0005: DWE1024
:0006: NEX
;0007: END
;To change T2048 to T1024,
Type "REP01 <CR>" ; SMCC does nothing. We are telling SMCC
;to replace line 1.
Type "T1024 <CR>" ;SMCC replaces line 1 with the
;new entry. T2048 is now changed to T1024,
Enter "<CR>" ; SMCC exits edit mode.
Type "R <CR>" ;Program now runs with 1 second

;move times, instead of 2 seconds.
;Please note that the editing
;can be done even while the
;program is running.
;When SMCC comes to a stop, let’s
;assume we wish to save the program
;permanently. (OPTION - 2).
Type "s <CR>" ;The "s" save Command will save
;the program, all the
;"1 parameters", the "P variables",
;and the C and M assignments
;into permanent memory. These
;will remain permanently saved until
;new data is saved with
;another "s" Command. To save, SMCC must be
;stopped and the SW-5 switch (Save Enable)
;must be on.
Type "LIS <CR>" ;Observe that SMCC sends the
;program back, but line numbers
;are not appended. Note that T is now 1024.
;A more versatile program
;would be:
Type "z 100 <CR>" ;Note that the program is written by using
Type "FOR (Pl) <CR>";variable P parameters. This allows the
Type "t (P6) <CR>"
Type "F (P2) <CR>" ;setting of any desired value, either
Type "“U (P3) V (P4) ;
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<CR>*" ;in the program by using SET Pn = value or

Type "DWE (P5) <CR>";on-line, even while the program is

Type "U (-P3) V ; o a
(-P4) <CR>" ;running, by typing Pn = value.

Type "DWE (P5) <CR>";Also, the program uses incremental X and

Type "NEX <CR>" ;Y moves, so both axes will go back

Type "END" ;and forth as set by the value of P3 and P4.

;P6 sets the accel/decel time, P2 the feedrate,
;P5 the Dwell time, and Pl the Loop cycles.

Refer to Programming Examples Section for a detailed description
of various programs.
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Status Query Parameters (Non-Buffer)
inn, innH, innlL, innD, ix . . . . . . . . . . . . .104
Control V, £, p, v, 2. . . . . . . . . . . . . .. .105
%, Bnn, Bx, Cmm. . . . . . . . . . . . . . . . .. .106
Cx, Mnn, Mx, Pn, Px, PC, PB. . . . . . . . . . . . .107

Program Editing Commands (Non-Buffer)

LIST n,m, LIST n, DELETE n,m, INSERT n . . . . . . .108
REPLACE n, zn. . . . . . . . . . o . . ..o .108
MAP n, PLC n, PURGEn .. . . . . . . . . . . . . . .109
Control Character Commands
<CNTRL B, C, or D>, <CNTRL R>. . . . . . . . . . . .109
<CNTRL V>, <CNTRL M>, <CNTRL H>. . . . . . . . . .110
BUFFER COMMANDS . . . . . . . . . . . . . . . .. .. . w111
Explanatory Codes
0 -4, a -d . . . . . . ... B
e, lae SET nn, lae RESET nn, le GOTO+nn B B 4
GOTO-nn, le GOTO nn. . . . . . . . . . . . . . .. .112
le GOSUB nn . . . . . . . . . . . . . . . . . . . .113
IF/IF NOT nn = b . . . . . . . . . . . . . . . .. .113
IF/IF NOT nn > b . . . . . . . . . . . . . . . .. .113
IF/IF NOT nn + b . . . . . . . . . . . . . . . .. .113
* b
1

IF/IF NOT nn

<+ e+« « « « « « . . . . . . . 113
IF/IF NOT (CCl), (CCl and CC2), (CCl or cczy . . . .113
Lnn S e
START . . . . . . oL .114
STOP T O
END e |

RETURN . . . . . . o o . . . .. ... 114
for d . . o o000 . . 115
NEXT S B )
FND R O )

CASE mm, nv. . . . . . . . . . . . . . . . . . . 115
DIVIDE d . . . . . . . . . . . ... .. 116
Fd, Td, t d, HOME . . . . . . . . . . . . . . . .116
DWELL d, X d, Y d. . . . . . . . . . . . . . e e . 0117
AX d, AY d . . . . . . ..o < . . .118
ud . . . . .118
vV d .118
d

: T R
WX da . . ... ... e e+« + « . . . 118
WY d . . . o ... I
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’ BUFFER COMMANDS (cont.)

LINEAR.

CIRCLE n .
Circular Interpolatlon Dlagram.
TORQUE.

POT d

SLEW d.

Inn d .

m a,n

mm a,n.

na,n . . .« . « . .
u a,n

X an . . .

SET Pn = d. . . . . . .
SET Pn = HX, HY, AX, AY
RESET P

SET Cnn = a

SET Mnn = Cmm b . .
, PLC Instructions (in Buffer)

Description of PLC Program Statements

PLC n, .
IF/ANDIF/THENIF/ELSEIF/AND/OR
THEN/AND ..
ELSE/AND
END
PURGE n .

Variable Parameters

Timers e e e

ATAN (Arctangent).

m:smcc.tab 51
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1. COMMAND FORMAT

The following special characters are accepted by the Smart Motor
Controller (SMCC) with meanings described herein.

1.

Unless otherwise stated, <CR> (Hex 0D, Carriage Return)
character is interpreted as "End of Line" character.
The SMCC processor responds with <LF> (Hex 0A, Line
Feed) character when it receives <CR>, if 103 is set to
one.

The SPACE character (Hex 20) is interpreted as a
separation character. It is simply neglected by the
processor. The operator may or may not use this
character for ease of text legibility.

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

The maximum number of characters in a single line of
commands depend on the number of cards daisy chained.
Each card can hold 52 characters in a command line;
therefore, if n is the number of cards, n x 52 + <CRrR>
characters may be sent to the cards.

When using SMCC V3.X (ACC-9), the semicolon character
(;) (Hex 3B) 1is used for allowing comments to be
written along with the program. The semicolon begins a
comment line and a <CR> terminates it. During a
download operation, the comments are stripped by the
SMCC V3.X PC based program. Programs which are loaded
directly by the user without using SMCC V3.X or
equivalent, must not contain any comments since the
SMCC itself cannot handle comments or semicolons (;).

Each SMCC card can only receive one command line at a
time which must be terminated by a carriage return. A
"command" is a character or a string of characters
which cause the SMCC to take a specific action such as:
J (Jog +), hX (home X axis), X500Y500 (move X and Y 500
counts), etc.

The SMCC uses only the first three letters (at most) of

a motion buffer command keyword. More than three
letters may be sent, but SMCC will ignore the further
letters. A listing of the program form the card will

show only the first three letters of each keyword.
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2. CARD ADDRESS SELECT COMMAND

The Address Select Command is composed of an "A"™ character

followed by a single character address number. Cards 0 to 9 are
denoted by numbers 0 to 9 and cards 10 to 15 are denoted by small
letters a to f. For example, "AB" selects card #8 and "ab"
selects card #11. Also "AA" selects all cards simultaneously.

When "AA"™ is selected, no slot will be sent back by SMCC to the
host computer. To transmit data to the host, each SMCC must be
specifically addressed.

Upon reset or power turn-on, the SMCC’s CPU selects "AA" (All
Card Select) as a default. Desired card must be addressed before
data 1is regquested by the host computer otherwise a "?" or <BELL>
character is sent back indicating a procedural error.

Each card supports 2 axes ("X" and "Y" axes) when Brushed DC
Motors or Self Commutated Brushless Amplifiers are used.
Therefore, a maximum of 32 axes can be simultaneously controlled.
Each card’s address can be set up by setting the DIP switch on
the card as follows:

SW1 SW2 SW3 SW4

0 0 0 0 card address 0

1 O 0 O " " 1

O 1 O O T 1] 2

1 1 0 O "W w 3

O O 1 0 Ll " 4

1 0. 1 0 " " 5

O 1 l O L1 1] 6

1 1 1 O " 11} ’7

O O O 1 " 111 8

1 O O 1 " " 9

0 1 0 1 " " 10

1 1 0 1 " " 11 (b
0 0 1 ] " " 12 ()
1 0 1 1 " " 13 (d)
0 1 1 1 " " 14 (e)
1 1 1 1 " " 15 (f)

Please note that when a single SMCC is used, it must be set up as
an A0 card and when more than one SMCC is used on a daisy chain,
one of them must be addressed as A0 in order to provide the SYNC
clock needed for interpclated and coordinated motion.
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2a. COMMUNICATION WITH EOST COMPUTER G!I'
5

The DIP switch is used to select the communication mode and baud
rate as follows:

SW6 SW7 SW8

0 0 0 9600 Baud

1 0 0 4800 "

0 1 0 2400 "

1 1 0 1200 "

0 0 1 Parallel Mode
1 0 1 300 Baud

0 1 1 38400 "

1 1 1 138200 "

SW5 of the DIP switch is used to Enable =0 or Disable =1
saving programs and parameters into EAROM memory . Regardless of
the switch position, the contents of the EAROM are always
uploaded upon power turn-on or rest.

When the DIP switch settings are changed, it is necessary to
reset the SMCC or cycle power in order to activate the new setup.
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3. PARAMETERS, VARIABLES, AND FUNCTIONS (I, P, C, M)

The SMCC gives the user several different types of variables for
more power and flexibility in operating and programming the card.
Below is an explanation of the different types: what they are,
and how to use them.

I parameters are for the initialization and setup of the card.
They give the card its ’personality’ for a particular application

or part of an application. They have specific meanings. Some
are used only at power-on or reset; others are continually
accessed. Standard SMCC has 61 I parameters; Parabolic has 80.

P variables are general-purpose parameters for the user to util-
ize in programs. They can be used to set positions, times,
speeds, and many other things. The program can do complex
arithmetic with them (within a limited syntax -- see the legal
uses at the top of the motion buffer section in the programming
manual). There are 15 P variables, numbered Pl to P15.

C functions are user-assigned locations in the SMCC’s memory or
1/0 space. The user can assign them tc input and output ports,
to registers that hold intermediate calculations, or to I or P
parameters. There are 64 C functions, numbered CO00 to C63 (always
use two digits). A few C functions are already mapped to input
and output ports at the factory (these can be changed, but it is
not advised). Each C function holds a byte of data, but some
operations can work on up to 4 consecutive locations in memory
for multi-byte values. C functions can be used to get at or
manipulate data of interest.

M functions are user-assigned bit locations in the SMCC’s memory.
They are defined in terms of a particular bit of a C function
byte. They can be mapped to a particular digital input or
output, to a control bit, to an empty location in memory for use
as a flag, to the sign bit of a parameter, or many other things.
There are 64 M functions, numbered MO0 to M63 (always use two
digits). They can be used to control program logic and to set
outputs. Several of the M functions have been pre-mapped at the
factory to general-purpose digital inputs and outputs in a
convenient manner (these can be changed, but it is not advised):
MC1 thru M05 are mapped to Machine Outputs 1 thru 5 (MOl - MQS5);
and M11 thru M17 are mapped to Machine Inputs 1 thru 7 (MI1 -
MI7). Setting the outputs or acting on the inputs can be simply
a matter of a single line in the program using M functions.

Variable values (I and P) or locations (C and M) can be stored in
the EAROM (EEPROM) permanent memory. 1 parameter values can be
stored on any SMCC. P wvariable wvalues, and C and M function
locations can be stored on any Standard SMCC, but only those
Parabolic SMCCs with Option 2 (expanded permanent memory) . Upon
power-up or reset, the stored information is loaded into active
memory. The information in active memory can then be changed as
the card is run, but the data in permanent memory will not be
changed until a new "s" (Save) command is given.
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SUMMARY OF PROGRAMMING USES OF PARAMETERS o

Non-buffered Motion Buffer PLC BRuffer

I I I I
[ Set |Read/Use | | Set |Read/Use | I1Set (THEN) | Use (IF) |
| I | | [ I |
I |inn v | inn | 1Inn d | | | Inn=d | I
| | ix K | Pl | |
| | [ | . F(X< |} ! I
[ | I I Pn)** b I I
P |Pn=v | Pn | |SET Pn=d | X(Pn) *=* | 1 Pn=d | Pn>d |
| | Px | |SET Pn= [R=(Pn) ** | | Pn=ATAN | Pn<d |
| | L HX** | LL(VY/VX) ** | |
| | | ISET Cnn=a*|CASEnn, vx |1 |Cnn=v |
C |Cnn=a* | Cnn [lm a, v | ...IFnn=v**|Cnn, v=d {Cnn,v<d |
lw a,v | Cx | lmm a, v | | 1Cnn, v= ICnn,v>d |
I I fl | Il Cnn+d I |
| I | TSET Mnn= | ] I |
I I I Cmm.v | [ I I
M |Mnn= I [ I I I . |
| Cmm.v*| Mnn | | SETnn [IF (Mnn=v) || Mnn=v | Mnn=v |
[Mnn=v | Mx | IRESETnn | Il | |
* defining address, not setting value n,nn,mm = parameter number
** and other similar commands d = data (constant or P

expression)

address (4-digit hex) .

TRANSMITTING INFORMATION BETWEEN PARAMETER TYPES
(WHERE IT CAN BE DONE)

v = constant value (of legal range) a

\ From] I I | I I
To \ | I | P | C | M | Constant |
\ | | I | | I
i [ Motion | | INon-buffered |
1 [ (Thru C | Buffer I I IMotion Buffer|
| and P) | PLC | (Thru P) | | PLC |
| | Motion | I INon-buffered |
P I (Thru C | Buffer I I [Motion Buffer|
f or M) | PLC i PLC | | PLC !
| | (By Defi- | | INon-bufferedx|
C | (By Defi-| nition) | | (By Defi-|Motion Buffer>
| nition)| PLC | (Thru P) | nition) | PLC I
| J | ! INon-buffered |
M | (By Defi-| (By Defi- | (By Defi- |Motion IMotion Buffer|
[ nition)| nition) | nition) | Buffer*x| PLC |
| | | | PLC** | I
*by writing to address itself .

**by using program logic
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4. INITIALIZATION/SETUP COMMANDS
("i" Command Set Parameters)

Commands (parameters) described here are for X axis Dboth in
Brushed and Brushless Mode. Commands inside [ ] are eguivalent
commands for Y axis, when 113 (Brushless Motor Select) 1is set to
rushed Motor. These commands may also be used in Brushless
Motor Setup Commands with different meanings.

Sending a command "inn", where nn can be any number from 00 to
79, followed by <CR> without any parameter value is interpreted
as Parameter Value Query. The SMCC prompts with the value of the
stored parameter. Also, sending an ix will cause the SMCC to
send all parameters at one time. Using an "I" (capital i) in the
command line causes the line to. be placed in the program buffer
and acted upon during program execution. However, 1i38[i58] (Move

and Display Scale Factor), 1is a two part number and cannot be
placed in the buffer.

Whenever an 1 parameter’s function is different for the Parabolic
version of SMCC, a notation is made to that effect.

Following Error means the difference between actual position and

desired position. Number of encoder counts is used as a unit,
regardless of scale factor used.

For reference purposes, there follows a list of the i parameters
in functional groupings:

Mode Setup Parameters:

i¢o2, 103, i09, i11, il1l2, 113, i14, 115, 118, 163
Home Setup Parameters:

i04, 124[144], 125[145], 126[146]
Following Error Setup Parameters:

ig0, 101, 110, i34
i60[i61] (Parabolic SMCC only)

Handwheel Control Parameters:

116, 127[147], 128[1i48], 129[i49]
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System Feedrate Control Parameters:

13111511, 106, 108 0
Servo Time Scale Parameters:

i05, 107
System Stability and Response Time Parameters:

120[140), i21[i41), i22([i42], i23(143]1, i09, i30([(1i507,
139[159]

PWM Limit Parameters:

i32[1i52], 1i33[i53)
Display Control Parameters:

117, 118, 1i38[i58]
Position Limit Setup Parameters:

i35[1i55]), i36[i56]), i37[i57)
i78[179] (Parabolic SMCC only)

Brushless/Induction Motor Control Setup Parameters:

i13, 140, 141, i43, 144, i4s
Induction Motor Control Setup Parameters:

i51, 152 (Standard SMCC)
i42, 145 (Parabolic SMCC)

PLC Control Parameter:

160 (Standard SMCC)
162 (Parabolic SMCC)

ACC-14 AND RESOLVER Parameters (Parabolic SMCC) :

i64[ie5], i66[i67], 168[169), 170(i717, 172[473], 1741[1i75)
176[177)

100 Set Following Error Limit (FAULT)
Range (0 +/- 32767), Default (2000) Unit: Encoder Count

1f a positive number is used and the servo cannot follow .
the desired position within the specified limit, the SMCC
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turns off the amplifier and the GLT (Get Lost Timer) is
set thus disabling the SMCC and outputting the FEOD/

output (available on J1-B2 or J10-7). This is & 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 number is used in i00, 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 "$" or hard "$$" reset
may then be used to clear the fault and re-enable the SMCC.

Set In-Position Band
Range (0 - 65535), Default (100) Unit: Encoder Count

The SMCC turns on the in-position light and IPOS/ output
whenever the actual position is within the specified counts
from its current desired position when it is at rest. Once
in-position has occurred, the SMCC is ready for the next
move regardless of subsequent IPOS status. IPOS will first
go true after a move is complete and the SMCC’s actual
position comes within +/- 101 counts of the desired
position. Subsequently, IPOS will remain true as long as
the actual position stays within this band and before the
next move commences.

Set MDI (Manual Data Input) Mode
Range (0,1), Default (0)

0: Motion Buffer Commands are stored in the Motion Buffer
and can then be processed by the "S" (Step) or "R"
(Run) Commands or by the "Step" or "Run" front panel
switches.

1: Buffer Commands, instead of being stored in the buffer,
are immediately processed upon reception of a <CR>
character. This mode is used to execute one command at
a time without using the Motion Buffer. Data can be
ASCII or binary, and all on-line commands may be used.

The processing of Direct Control Commands or 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. The
"Buffer Full" output status can then be used as a ready/busy
handshake. To exit the MDI mode 1020 may be entered or a
"S" (Step) or "R" (Run) Command may be given.

Note that Buffer Commands that need to execute with a "Servo
Command" will not execute by themselves in MDI either. For
example, a SET nn <CR> sent to SMCC (set M function output
to a true value) will not function unless it is immediately
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succeeded by a command such as DWE 10 <CR> (dwell 10 msec.).
Also note that 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.

i03 Set Handshake Enable in Host Communication
[STD] Range (0,1), Default (1)
[PARAB] Range (0, 3)

0: Handshake is disabled. Processor does not send
handshake character. Messages are sent without <LF>
(line feed). Data is sent as: Data, <CR>.

1: Handshake is enabled. Processor sends <LF> character
upon reception of <CR>. Upon receiving unrecognizable
or illegal commands, it also sends <BELL> (for

Parabolic SMCC) and <LF>?<CR><LF> (for Standard SMCC) .
Data is sent as: <LF>, DATA, <CR>, <LF>.

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 1is 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 <controller sends
messages if a command specifically asks for it (as in f

<send following error>, inn <send stored inn parameter
value>, etc.).
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Below 1s a diagram of the format the SMCC uses to return
position, velocity, following error, or status:

<CR> IS ALWAYS

SENT
<LF> + 10 CHAR. + (1 SPACE + 10 CHAR.) + <CR> + <ACK>
or <LF>
This <LF> | | | |
Sent in I I
i03=1,3 | |<LF> Sent in
ONLY. ! [<--Y AXIS ENABLED-->| [I03=1, <ACK>
sent in
l ] 103=2,3
|<-- FOR POSITION, F.E, AND VELOCITY =-->|
! REGARDLESS OF DATA FORMAT |
| POSITIVE = "SPACE"/NEGATIVE = "-" |
|[<—=———— FOR STATUS,REPLACE WITH-----——-=—= > |
8 CHARACTERS FOR STANDARD
16 CHARACTERS FOR PARABOLIC
Set Home Feedrate
Range (0 - 255), Default (0) Unit: None
This parameter sets up the speed of homing operation. Home
Feedrate is calculated by the following equation.
Home Feedrate = i04 ¥x 106 (Encoder counts/sec.)

256
If 104 is set to zero, homing function will not occur.

The homing function may be started by the Control Panel
switch labeled "Home", by the on-line command "h", and in
the program flow (Buffer) by the "HOM" Command. The "HOM"
Command when executed does not reset the program’s execution

pointer "PC," whereas the other two reset the "PC" causing
the program to restart from the beginning after a homing
cycle (see 124([i44], 125[1i45), and 126[46] for more details

on SMCC homing procedure).
Note that even though the X and Y axes may be independently

homed, the feedrate for each axis during home is set by i04.
Separate parameters for X and Y are not available.
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i05 Set Servo Time
Range (0 - 65535), Default (487) Unit: Microsecond/2

This parameter specifies period of servo control servo time ’
includes all calculations and output to amplifier. Servo
time is calculated by

Servo Time Period = 2 x (i05 + 1) (microseconds)

The default setting of 487, which defines a servo time of
976 microseconds, provides approximately 30% to 35% of
background time for communications, PLC, and other tasks.

Caution should be exercised when changing i05 because i21
(feedback gain) and i23 (integrator) are affected and must
be readjusted since they are dependent on servo cycle
timing. 120 (proportional gain) may be increased if the
servo cycle is shortened, since a more rapid servo update
time will improve servo performance. If servo time is
reduced by 1/2, performance (gain) may be improved by a
factor of 2 to 4. Conversely, if servo cycle time is
shortened too much in an attempt to increase performance,
the background time may be reduced to the point where SMCC
will cease to function because of insufficient time to
handle calculations, communications, and PLC.

No value of 105 other than 487 may be stored in permanent

memory. If you wish to use a different value, you must
change it after every power-up or reset.

NOTE: Do not change i05 except for special requirements.
i06 Set Reference Feedrate

Range (0 - 8388607), Default {(2000)
Unit: Encoder Counts/sec.

This parameter specifies the Absolute Feedrate of the

machine when F1024 (100%) is used in the program.
Commands 131[i51] (Jog Feedrate) and i04 (Home Feedrate) are
specified in relation to i06. The actual machine feedrate
is a function of Fn (Feedrate) Command as:
Machine Feedrate = n x 106 (Encoder count/sec.)
1024
Jog Speed = 131[i51]) x 106
256
Home Feedrate = i04 x 106
256
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i07 Set Time Scale

Range (0 - 65535), (%) Default (65498) Unit: None

i07 sets the time scaling for SMCC movements. That is, it
defines the time incremental (dt) for calculating the
desired position for the next servo cycle. The governing

equation is:

107 = 65536 x [2 x {(i05 + 1)/dT)
where
dT = Units for T or t Commands (in microseconds)

If we wish to work in our standard time units of 1/1024
seconds (binary milliseconds) and use the default servo
time, we calculate:

with dT = 1/1024 sec. and i05 = 487 : i07 = 654098
This 1is the default value.

i07 serves as the power-on or reset value for the time base.
Once a "%" or "POT" Command is executed, the value with that
command overrides the 107 value for moves. However 107
always controls the time base for DWELL commands. 107 also
serves as the % value scaled to maximum input voltage in
i14 = 1 mode.

I1f i05 is changed in order to speed up or slow down the
servo cycle, 107 should be readjusted in order to keep the
actual time scale of the SMCC constant. The standard time
scale is dT = 1/1024 sec. (one binary millisecond). Also
note that if 107 is changed, the on-line (non-buffer) %
Feedrate Command (POT in buffer) must also be readjusted in
order to keep the velocity factor constant.

NOTE: 107 should normally not be changed except for

special regquirements.

i08 Set Acceleration/Deceleration Time
Range (0 - 65535), Default (512) Unit: 1/1024 sec.

This parameter governs total accel/decel time whenever speed
change occurs. When 108 = 1024, accel/decel time is one
second for any speed change.

The accel/decel time is also controlled by the "t" Command
in the program buffer.

Accel and decel times are equal and both controlled
simultaneously. It is possible to make accel and decel
different by breaking up one move into two consecutive moves
with an I08 or "t" change between the split blocks.
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In the Standard SMCC, i08 may be changed on the fly and will

affect all accels and decels. A "t" Command executed in the
program buffer will change the value of the i08 parameter. o
An "I08"™ Command in the program buffer or a non-buffered

"i08" Command will override the last "t" Command. That 1is,

for the Standard SMCC, the "i08", "I08"™, and "t" Commands

all have exactly the same effect when executed.

In the Parabolic SMCC, i08 is read once upon power turn-on

or reset and sets the value of "t© initially. Once a "¢*©
Command 1is executed, i08 does not affect the calculated
(programmed motion) accel/decel, but only the jog
accel/decel. It is therefore .possible to have different

accel/decel values set for jog and programmed moves.

"t" also controls the minimum move time and will override
the "T" move time if T<t and (in Parabolic) the il2

(calculation time) if il2<t. "t" should not be set to a
value less than 10 for one-axis control and 15 to 20 for two
axes. The effect of too small a "t" time is to cause the
SMCC to stop executing the program because it has run out of
block-move calculation time. SMCC’s capability is
approximately 60 blocks/second with two axes and 100
blocks/second with one axis. When using intensive PLC

programs in the SMCC, a larger 1il2 time ensures smoother
operation because it provides the servo with more
calculation time to counteract the effect of PLC’s
"background" time reduction.

If 111 = 1 (feed hold slew control on), then i08 sets the
deceleration time upon hitting a software or a hardware
limit (on either a jog or a calculated move), or for after
an H (feed hold) Command on a jog move.

Refer to Parabolic Section for further description of the

difference in effects of 108 and t between the Standard and
Parabolic SMCC.

109 Set Position Inteqratrion Mode
Range (0,1), Default (1)

1: Position integration (123[i43]) is enabled only when
motion is stopped. The integrator is automatically

activated at the end of the move when run velocity
becomes zero.

0: Position integration is enabled all the time: both
during a move and when stopped. Caution must be
exercised since this mode may result in consistent
overshoot when stopping even though following error
will be near zero during the move (see 123[143] for

integrator time constant and explanation of its
operation) .
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310 Set Following Error Limit (Indicator)
Range (0 - 65535), Default (1000) Unit: Encoder Count

If the following error is greater than this limit, the SMCC
turns on the Following Error Light and outputs FILD/signal.
However, shutdown does not occur unless the 100 limit is
reached.

This parameter is useful in providing a visual indication of
following errors occurring when the Following Error output
is tied to an LED, such as when connected to an ACC-16
Control Panel.

The FILD/signal may be tied to FEQP/ by installing the E22
jumper on the SMCC. This causes both the 100 and 110 to
generate FEOP/.

i11 Set Feed Hold Slew Control
Range (0,1), Default (1)

0: Feed Hold Slew Control is disabled. When feed hold
occurs a Travel Limit switch i1s activated (opened), a
software limit is reached, or a "g" Command is given,
feedrate change is accomplished as rapidly as possible
without controlled deceleration. The motor will
actually come to a stop and then return to the point at
which Feed Hold occurred (plus the following error
distance, if any).

1: Feed Hold Slew Control is enabled. Deceleration rate
on feed hold is controlled by i08 (acc/dec time) when
jogging or by % slew rate 1f in a calculated move
(default 1is 64 : 1 second for a full scale to 0
change) . Motor comes to a stop at the end of decel.
The % slew rate value 1is deducted every servo cycle
from the current setting of the % Command until zero %
value (stop) 1s reached. Deceleration rate 1is
controlled by 108 if a hardware or software limit is
hit, or if a "g" Command is given.

il2(STD) Select 24/6 kHz PWM Freguency
Range (0,1), Default (0)

0: 24 kHz PWM Frequency.

1: 6 kHz PWM Frequency.
Normally, this parameter should be left at 24 kHz.
However, 1f the SMCC’s direct drive outputs are used
for switching "Totem Poles" in an H bridge or
multiphase application, 6 kHz may be used for slow or
bipolar semiconductor devices.

NOTE: Do not change il2 except for very special requirements.
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i12 [PARAB] Move Calculation Time

il3

Range (0-65535), Default (40)
Unit: Binary Milliseconds, Minimum (10)

The Parabolic SMCC uses 112 as a predefined servo
calculation time to ensure that in multiple-axis systems all
cards will begin motion simultaneously. A certain amount of
time is always necessary to do the planning calculations for
a move or move segment. Note that it may become necessary
to use a higher value of calculation time when moves based

on variable parameters are made, especially those involving
divisions.

When SMCC 1is making a normal trapezoidal move, the
calculation for the next move begins 112 time before the end
of the move, which is the beginning of decel ("t" time is
the accel/decel time).

When SMCC makes a parabolic move, il2 time occurs at
the very end of the move because "t" time represents the
move time and a parabolic move does not have a defined
deceleration time. If il2 time becomes longer than "t" time
in either trapezoidal or parabolic moves, calculations are
then made in "t" time instead of i12 time.

Select Brushless Motor Mode (Commutated by SMCC)

Range (0,1), Default (0)

0: Brush type DC Motor Control - Two-axis control is
possible. The two error output signals from the SMCC
now function as independent +/-10 volt DC outputs for
the X and Y axes. 115 1 may be used to disable the Y
axis or 115 0 to enable both X and Y axes. In this
mode, 140 through i59 define the Y-axis setup Jjust as
120 through i39 do for the X axis.

1: Brushless DC Motor Control (or AC Induction or Stepper
Motor) - Only a single axis is enabled (see Brushless
Motor Control Setup Commands, if brushless motor is
selected). The two error output signals from the SMCC
now generate motor phase commands 90/120 degrees apart
for 4/3 phase sinusoidal (i15 0) or trapezoidal (il5 1)
outputs where the frequency controls the rotation
(velocity) of the motor and the amplitude the amount of
torque delivered. The third (and fourth, if necessary)
phase 1is generated by a local balance loop in the
amplifier. Maximum frequency is 1000 Hz (60,000 RPM
for two-pole motors) and maximum amplitude 1is +/-10
volts peak to peak. In this mode, 140 through 159
control the setup of the motor commutation.

Note that the meaning of i15 now changes. It is used
to select sinusoidal/trapezoidal commutation outputs.
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Select Processor A/D Convertor Mode
Range (0,1,2,3), Default (0)

There are four A/D inputs available on SMCC. Two are always
used to monitor current levels (see below). The other two
(ANA2 and ANA3) have several uses, depending on the setting
of 114, as described here:

0

Analog inputs ANA2 and ANA3 are not used.

1: Time Base (Feed Pot) Mode -- In this mode, the X-axis
analog input ANA2 is used to control the time base (and
so the speed) of both axes. The input voltage controls
the time base Jjust as the ’'%’ and 'POT’ commands, or
the input frequency with il16=2 or 3, would do. This
allows a simple potentiometer to control the rate of
execution of a program. ’%’ commands are overridden by
the input voltage in this mode. Do not try to control
the time base of multiple cards with an analog input;
the A/D converters on the different cards cannot be
counted on to give identical results, and the cards
will lose coordination. Proper shielding of the analog
input wiring is very important in this mode, as noise
on the line translates very noticeably into movement
jitter.

On a card without analog input conditioning (no Option
3), 0 volts in means 0 rate of execution (%0) and 5
volts in means maximum rate of execution (%65535). On
a card with input conditioning (Option 3) -10 volts in
means zero rate of execution, and +10 volts in means
maximum rate of execution. The actual % value set by
the voltage can be gotten at any time using the '%’
command without an argument. (When 1leaving 14=1 mode,
the % value is left where it was last set by the analog
input voltage until something else changes it.) In
this mode, the ANA2 input should never be left floating
-- results could be unpredictable. Do not have 116=2
or 3 when 1l14=1, because in that setting, the handwheel
frequency input will override the analog input voltage
in controlling the time base.

2: In this mode, the analog inputs control the speed of
jog moves: ANA2 controls X-axis speed; and ANA3
controls Y-axis speed. Without option 3, 0 wvolts in
means zero speed, and +5 volts in means a Jjog speed
equal to 1i06; with Option 3, -10 volts in means zero
speed, and +10 volts in means a speed of 106. The
analog inputs thus replace the function of the jog
speed parameters i31 and i51 when the SMCC is in this
mode. The starting and stopping (and direction) of the
jog moves are still controlled by the mechanical jog
inputs (XJPI, XJMI, YJPI, and YJMI on the Jl connector)
and/or the jog commands (J, 3, JY, 3jY).
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In this mode, both axes are always in continuous jog
moves, with speed controlled by the analog inputs, and
the speed range controlled by the mechanical jog
inputs. ANA2 controls the X-axis speed; and ANA3
controls the Y-axis speed. The 3jog inputs for each
axis control the speed range for that axis as follows:

J+ off J- off x1l speed range (max of 106/8)
J+ on J- off X2 speed range (max of 106/4)
J+ off J- on x4 speed range (max of i06/2)
J+ on J- on x8 speed range (max of i06)

With a standard control panel, J+ and J- cannot be
turned on simultaneously by the jog switch. However,
the Home switch turns on both J+ and J- for the X axis,
and the Prejog (=) switch turns on both for the Y axis.

Without Option 3, 0 volts in means maximum negative
velocity for the specified range, 2.5 volts in means
zero velocity, and 5 volts in means maximum positive
velocity for the range. With Option 3, -10 volts in
means maximum negative velocity, 0 volts in means zero
velocity, and +10 volts in means maximum positive
velocity. With the x8 speed range and maximum
velocity, the jog speed is equal to i06.

The remaining two analog input channels -- CURO (ANAO) and

CUR1

(ANAl) -- are used to monitor current and provide 1I-

squared-T protection (see i32[i52] and 133[i53) descriptions
for setting the desired protective current levels) if Option
3 is installed. These lines input a voltage proportional to
the absolute value of the motor current with a range of 0 to

10 volts. The Analog Inputs section of Basic Specifications
has more details.

Refer to the Analog SIP (Option 3) Schematic for details of

the

condtioning circuitry; refer to the Analog Input

Potentiometer Connections diagram for instructions on wiring
the analog inpuzs with or without Option 3.

Set Y Axis Disable in Brushed Mot or Mode (1i13=0)

Range
0:

1:

(0,1), Default (1)
Y axlis is enabled. SMCC is a two-axis controller.
Y axis is disabled. If the Y axis is disabled, the Y

€rror output can be used as a programmable voltage
generator by using the PLC Commands to write to the

appropriate registers - - ffilg contains the magnitude
(0 - 255), and ff00 bit 1 is the sign bit (0 =
positive, 1 = negative) (see Address Map), or by using

the "OYn" Command.

Even while using one axis only the limit switches for Y axis

MUST be disabled (grounded): otherwise SMCC will not make

any moves.
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It is not essential to disable the Y axis if you are only
using one axis, but you may want to do so for three reasons:
1) you may use the Y-axis output as a general purpose analog
output; 2) you may use the Y-axis encoder counter for data
logging purposes; and 3) you ease the calculation load on
the SMCC.

il5 Select lLook Up Table Sinuseoidal or
Trapezoidal Mode (il13 = 1)
Range (0,1), Default (0)

0: Current Control Valve (error output) is specified by an
Index Table indicated by 143. This mode i1s used to set
sinusoidal or six-step motor. current.

1: Trapezoidal Motor Mode - Current Control Value 1is
calculated internally instead of using table.

il16 Select Handwheel Operating Mode
Range (0,1,2), Default (0)

0: Standard Mode - Handwheel input 1s used to change motor
position. Number of pulses represents position and
pulse freguency represents velocity. The ratio of
handwheel to motor movement or scale factor is governed
by 127[i47] (where a value of 4096 for 127[i47)
represents a scale factor of one) and the mode of
operation by 128([i48].

1: Moves strictly follow handwheel encoder or pulse and
direction. No calculated moves are possible in this
mode. This is a special mode allowing very fast servo

cycle thus permitting "tight" handwheel following. i27
[147] and 128[i48] also affect this mode.

2: Synchronization Mode - Time base uses Y handwheel in
Parabolic and X in Standard. Externally injected pulse
and direction or quadrature encoder input can be used
to control the SMCC’s time base so that multiple cards
use an identical and variable time base for synchronous
program execution. The SMCC will execute whatever
programmed motion it is commanded to execute at a rate
of proportional to input frequency.

3: Parabolic Only - Time base uses X handwheel; otherwise
same as ilé 2.

NOTES : When using 116 2 or 3, it is good practice to disable
the X and Y handwheel mode by setting 128[i48] to 3 (or
7 on the Standard SMCC when using external handwheel).

When 116 = 2 or 3, do not have 114 = 1, or you may have
a conflict as to what 1is controlling the execution
speed.

Please refer to "%" chart for a better understanding of
116 and i14.
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In settings 2 and 3, program execution rate is slaved to

the external clock or encoder frequency. The effects of
i27[147] are explained in detail for various modes of O
operation:

Jog Mode
i31[i51] * 106 < 2 EXP 28 = 268435456

Jog Speed = (i31[i51] * 106)/256

out speed = 1i31[i51] * 106 * 147 = i31[i51]1 * i06 * 3127
in speed i27 * 2 EXP 33 2 EXP 36
Parabolic St andard

Feedrate Mode

QEE_EEEEQ = Fn * i06 * 147 = Fn * i06 * i27 Fn = Feedrate
in speed i27 * 2 EXP 35 2 EXP 38
Parabolic Standard

In the feedrate mode, move times are calculated to the
nearest 1/1024th of a second. Hence, the actual speed can
be different than the commanded speed. The error is small
for long moves.

Time Mode
out speed = (Delta P) * i47 = (Delta P) *i27
in speed T * 127 * 2 EXP 15 T = 2 EXP 18

Parabolic Standard

In the three explanations above, a further clarification can
be made which better explains the various equations:

Out Speed = (DATA)
In Speed

Out Speed = (DATA) x In Speed

Feedrate = (DATA) x (Handwheel Input Frequency)

I
|
l
|
!
|
or |
|
l

Time-Based Speed
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An additional way to represent the effective time and
feedrate is:

’ 1) For Parabolic SMCC
100% feedrate = (counts/binary millisecond) = (i27 *32768) /147

Note that Parabolic uses a ratio of both 127 and i47 for
more flexibility and accuracy.

2) For Standard SMCC

100% feedrate = (counts/binary millisecond) = (8 * 32768)/i27
The term feedrate above refers to the 107 wvalue, the %
Command (on-line) or the POT Command in the buffer. In 116

2 or 3 mode the external frequency 1s used by SMCC to
calculate the effective "%" it will use when it makes its

moves. Calculations are made every servo cycle and "SLEW"
control (rate of change of "%") 1is disabled in order to
avoid errors when multiple SMCCs are used. The result of
instantaneous changes in "%" may be some velocity

granularity. It is therefore recommended that as high a
frequency as possible be used for the handwheel time base.
This reduces the granularity quite effectively. Once a
maximum frequency 1is chosen, for example, 33.156 KH:z
(= 32,379 cts/bin. msec.) for Standard SMCC:

. 32.379
127

When 127 1s set to 8096, a frequency of 32.379 (cts/b.
msec.) will Dbe calculated to represent a "%" value of
65,498 which 1is 100% feedrate. Caution must be exercised,
therefore, to limit the maximum input frequency since the
maximum value of "%" 1is 65,535. Therefore a frequency of
(32.379 x 65,535)/65,498 = 32.397 cts/b. msec. will cause
the % Command to be equal to 65,535 which is its maximum
value.

(8x32768) /127
8096

(]

A frequency higher than 32.397 cts/b. msec. will cause the %
Command to overflow and the SMCC’s speed can drop to 0 or a
small value since % 65,536 is the same as % 0.

Yet another way to discuss the control of the SMCC’s %
Command is to consider that with a % value of 65,498, the
scaling of SMCC’s "T" (time to move) and “t" (i08 or
accel/decel time) 1s such that a T of 1024 represents 1
second of time. If % is changed to 1/2 of its value, 32749,
then a T of 1024 will represent a time of 2 seconds. The %
Command therefore controls the time base of SMCC.

a spindle driver and two traverse axes which will wind wire

A small programming example is described for a machine with
0 on the spindle. The system’s physical data is as follows:
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Spindle: Max. RPM = 600 = 10 RPS
Total travel = 100 Revolutions |
Encoder Counts/Rev = 2000 x 4 = 8000 0 3
This is an independently driven axis.
Traverse: Y axis is expected to vary its pitch every 10th
rotation of the spindle. Total travel is 10
inches; 10 rotations of spindle should cause
traverse to move 1 inch. X axis moves across
at constant pitch. Both X and Y are "slaved"

A0z100
1283
1483

i163
i27100
14732768

T800
U(P1)V(P2)
U(Pl)V(P2)
)V(P3)
U(Dl) 3)
U(Pl)V(P4)
1)v(p4)
U(Pl)V(PS)
U(P1)
U(pl)Vv
U(FP1)

uovo

V(PS)

6)
V(P6)

to the spindle axis and the spindle axis
encoder 1is fed to the SMCC’s "X Handwheel™
input and used to establish the "$" value which
controls the SMCC’s time base.

;FOR PARABOLIC SMCC

;Clear buffer

;Disable X and Y handwheel mode

;Assume 8000 counts/rev. of spindle

;X axis handwheel is time base for SMcCC

,Make 1 bin. msec. = 100 counts

;100% feedrate (%) = Counts/bin. msec.

;=(127 x 32768)/i47 = 100, uses i27 and i47
;for more flexibility and precision

il rev = 80 msec. of time = 80 x 100 = 8000
scounts of the spindle

;100 cts/bin.msec. is %65498 = 100% feedrate
;Actual time will be 1 sec. per 10 revs (600 RPM) .
;total move, 10 seconds, 80000 counts

;Time for 10 revolutions of spindle

;10 revs, Pl and P2 are distances to move

;20 revs, change ratio (Y axis)

;30 revs, change ratio (Y axis)

;40 revs, change ratio (Y axis)

;50 revs, change ratio (Y axis)

;60 revs, change ratio (Y axis)

;70 revs, change ratio (Y axis)

;80 revs, change ratio (Y axis)

;90 revs, stop Y axis

;100 revs

;1f you are going to disable the external time
;base so you can move the axis independently, be
;sure axis 1is stopped before switching from
;1163 to 1160. On the tly switching of time
;base is possible; fjust take care that a big
,veloc1ty change will not occur.

;End of program

;P1=wire traversed each 10 revs of

;spindle in encoder counts for X axis

;P2, 3, 4, 5, 6 same for Y axis

;Just send new variable parameter

;values to change the program. .

;All P variables represent distance to
;move the traverse axis in encoder counts.
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Set Velocity Display Time Base
Range (0 - 2 ~31), [STD] Default (15000)
[PARARB] Default (30000)

i17 sets the sample period at which encoder counts are
measured and converted to velocity.

i17 ="sample period" in microseconds (Standard SMCC)
2

117 ="sample period" in microseconds (Parabolic SMCC)

The displayed data is the distance which SMCC measures, in
scaled encoder counts (see 138[i58]), during the "sample
period" specified by i17.

Velocity = Delta position during sample period

For Standard SMCC, if 117 = 15000, sample period is 30
milliseconds with a 2000 counts per revelution encoder.

counts/30 milliseconds

1/2000 Rev Per 30 milliseconds
Rev/60 seconds

RPM

Velocity

([N}

[}

Velocity is measured and displayed at the rate of three
times per second.

By using 138[i58] X and Y scale factor it 1is possible to
adjust scaling so that on systems that have different
encoder counts per motor revolution for X and Y, the
displayed velocity can be made identical.

Select Display Tvpe to be Used
Range (0-3), Default (3)

This parameter selects the type of hardware output display
that SMCC will address. The display information can include
position, velocity, following error, and status byte for
each axis. The settings are:

0 is LED display - 2 units x 1 line (8 digits/line)
1st display shows X position.

2nd display shows Y position if 113

X velocity if 113

0;
1.

i

1 is LCD display - 2 units x 2 line (24 digits/line)
lst display shows X position and X velocity on 1st line;

X F.E. and X status on 2nd line.
2nd display shows Y position and Y velocity on 1st line;

Y F.E. and Y status on 2nd line.
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2 is LCD display - 2 units x 1 line (40 digits/line)

1st display shows X position, X velocity, X F.E., and X
status; o g
2nd display shows Y position, Y velocity, Y F.E., and Y

status.

3 is LCD display - 1 unit x 2 lines (40 digits/line)
lst display shows X position, X velocity, X F.E., and X
status on lst line;
Y position, Y velocity, Y F.E., and Y
status on 2nd line.
(2nd display can show X F.E. and X status on 1st line;
.Y E.E._and Y status_on.2nd line;
useful if actual displays are shorter
than 40 digits long.)

X position format is governed by i38.
Y position format is governed by i58.
X velocity format is governed by 117 and i38.
Y velocity format is governed by 117 and i58.
X following error format is governed by i38.
Y following error format is governed by i58.
X status shows bits of 3rd status byte
(febb for Standard SMCC; feb7 for Parabolic SMCC)
Y status shows bits of 4th status byte

(febc for Standard SMCC; feb8 for Parabolic SsSMCC)

Refer to the SMCC Memory Bit Map for definitions of the
individual bits.

If you are not using a display setting, i18 to 0 takes the
least background time for the least interruption of other
background tasks.

il9 ©Not Used in Standard SsSMCC.

i19[PARAB] Set Highest Card Address
Range (0 - 15), Default (0)

In Parabolic SMCC, 119 is used to set the highest card
address in a system. The value of i19 is used in DMA mode
to allow the SMCC to receive and send "Packet" data without
interruption for card addressing. It is not necessary to
have all card addresses consecutive to each other. However,
if there are gaps, the host would have to send extraneous
data to non-existing cards. DMA is automatically received
by each card in succession and it is also sent automatically
in successive order. DMA mode allows only binary data
transmission of position and velocity and can be entered by
sending characters <CNTRL B, C, or D>. (See section on
"SMCC-Parabolic" for detailed description.) Also, parameter
163 controls the data type to be used in DMA mode.

The following parameters, i120-23 [140-43], are used to control
the system response time and stability.
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i20[i40] Set Proportional Gain Constant
Range (0 - 65535), Default (50) Unit: 1/Encoder Counts

(Please refer to SMCC Setup Section for a detailed
description of 120[i40].) The proportional gain is used to
increase, in direct proportion, the amount of error
correction signal the SMCC outputs for a given following
error. The output is as follows:

(1.25 * 120([140]) /65536 = VOLTS/ENCODER COUNT

The SMCC’s servo algorithm is shown here for reference both
for the Standard. and.Parabolic SMCC.

The Standard SMCC uses 130[i50] as a X1 or X256 gain
multiplier.

Fok ok %ok ko R T R R R T % %k vk % ok %k % o % ok sk %ok R ok ok b Tk Bk o Tk sk ok kW gk ok ok S T ok A ok ok gk R %k %k Rk ok Sk R %k R ke ok R %

SMCC SERVO ALGORITHM

1) SMCC WITH PARABOLIC OPTION

Eout = 120*k0*{EP (n) - [i21*AV(n)] + 1i22*DV(n)
+i30*k1*[DV(n)-DV(n-1)] + 123*k2*IP (n)}

Where: 120 = Proportional Gain
kO = 1.25 volts/65536
(Used to scale proportional gain)
EP (n) = Position error = Dpos(n) - Apos(n)
Dpos (n) = Present desired position
Apos (n) = Present actual position
121 = Differential gain (Velocity feedback)
AV (n) = Present velocity = Apos{n) - Apos(n-1)
122 = Velocity feedforward gain
DV(n) = Desired velocity = Dpos(n) - Dpos(n-1)
130 = Acceleration feedforward gain
k1l = 4 (Used to scale accel feedforward)

123 = Integral gain
k2 = 1/4096 (Used to scale integral gain)

n -1
IP(n) = SUM EP(3j) (integral of position error)
=20

(n—-14) 1is used to represent the value 3 servo cycles old.
NOTE: The actual velocity is modified when the 1/T mode is

used by the ratio of the servo time to the actual
measured time between encoder counts.
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Feedforward o

2

U(s) Plant Y(s)

E
R(s) L@/\ (s) LK Kol )

Feedback|K

dS

l
ANALOG EQUIVALENT OF SMCC-P SERVO FILTER

Feedforward

2
z-1 2< -22+1
B Kyt 2z +Kaff ;2

+ 5 Plant
1 +— Kp 1 G(2)

R(s) or R(z) : Reference (Computed Trajectory)

(
E(s) or E(z) : Error in Position (Following Error)
U(s) or U(z) : Command Output
Y(s) or U(z) : Actual Position
G(s) or G(z) : Plant Transfer Function
Kp @ Proportional Gain
K, Integral Gain
Kg : Derivative Gain
Kvtt : Velocity Feedforward Gain
Kag © Acceleration Feedforward Gain

(SERVO FILTER)
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SMCC STANDARD (NON-PARABOLIC)

Eout = 120*k0*{EP(n) - [i121*k1*EP(n-i22-1)] + 1i23*k2*IP(n)}

Where: iz20

Proportional gain

kO 1.25 volts/65536 for i30 = 0
= 1.25 volts/256 for i30 = 1
(Used to scale proportional gain)
EP(n) = Position error = Dpos{n) - Apos(n)
Dpos (n) = Present desired position
Apos (n) = Present actual position
i21 = Differential gain
kl = 1/256 (Used to make 121*kl < 1)
122 = Time base for feedback in servo cycles.
i23 = Integral gain
k2 = 1/65536 (Used to scale integral gain)
n -1
IP(n) = SUM EP(Jj) (integral of position error)
3 =0

(n-3) is used to represent the value j servo cycles old.
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i21[i41] Set Differential Gain Constant

Range (0 - 255), [STD] Default (240)
[PARAB] Default (40) Unit: None

The differential gain constant 1is used to provide SMCC
the velocity feedback needed to stabilize the servo loop if
a tachometer is not used in the amplifier. If a tachometer
is used, 121 should generally be set to zero (although it
can be used to add more damping if the tachometer loop is
not properly tuned).

The greater the differential gain used, the more stable the
system 1s, but also the greater the following error at
velocity. On the Parabolic SMCC, this following error can
be counteracted using 122[i42] velocity feedforward.

The effect of 121[i41] is different between the Standard and
Parabolic SMCC:

121[STD] = 256 * 121 [PARAB]
(1 + 121 [PARAB])

or
121 [PARAR= 121 [STD})
(256 - 121[STD])
On the Standard SMCC, 121 must usually be well above 200 to
have significant effect (the default is 240). On the
Parabolic SMCC, 121 is almost always set below 50.
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i22[i42] [STD] Set Velocitv Filter Time Delay
Range (0 - 15), Default (0) Unit: Servo Cycles

In the Standard SMCC, 122 is used to provide velocity o
filtering in order to improve low velocity performance.
Normally, velocity in a digital position system is computed

as Pos(n) - Pos(n-1). At low velocities, this measurement
gets rough, because it is incapable of computing fractional
velocities. Since the digital servo filter is dependent on
this quantity, its action also can get rough at low
velocities. The 122 parameter allows the velocity to be
computed over a larger number of servo cycles: that is,
Vel(n) = Pos(n) - Pos(n-i22-1). A higher wvalue of 322

effectively averages the velocity over a number of cycles
(i22 cycles), reducing low velocity jitter, making for

smoother operation at low speeds. However, this averaging
makes the system slow to respond to speed changes, resulting
in a "mushy" feel to the servo. If 122 1is set to the

default value of zero, of course, velocity is measured in
the standard manner.

i22[i42] [PARAB] Set Velocity Feedforward Gain
Range (0 - 255), Default (0) Unit: None

In Parabolic SMCC, i22 is used to generate a term
proportional to the desired velocity that is added into the
servo command. This term is very useful in reducing
following errors caused by tachometer damping (in systems
with tachometer-based amplifiers) or differential-gain
damping (in systems with no tachometer). The damping is
necessary for system stability, but it introduces a
following error roughly proportional to the velocity.
Velocity feedforward can then be used to eliminate (or
greatly reduce) this following error, and since it is not
part of the feedback, it does not affect system stability.
Also, it is more useful than error integration for reducing
following errors on variable-speed moves, because error

integration cannot keep up with varying speeds as
feedforward can.

In a system without a tachometer, i22 should generally be
set equal to i21. In tachometer-based systems, i22 should

be set to minimize following error at speed (and its
correlation to velocity)

i23[i43] Set Integral Gain Constant

Range (0 - 255), Default (0) Unit: None

The integral gain of the SMCC is used to correct residual
position errors due to off-balance loads, friction,
temperature, and time drift, etc. It may also be used to
dynamically reduce the following error to zero while the
SMCC 1is performing a move. Essentially, the integrator
makes a correction every servo cycle and the amount of
correction is controlled by the wvalue of 123[1i43]. The
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"Capture Range" of the integrator is 1000 encoder counts.
This means that SMCC will correct up to that much error
automatically. Greater errors will leave a residual error.
(Refer to Servo Algorithm Section in 120 and to Setup
Procedure Section for better understanding of the
integrator.)

Parameter i09 controls when the integrator will be active.
i0% = 1 activates it only when SMCC is at rest; i09 = 0
activates 1t at all times.

i24{i44] Select Home Direction
Range (0,1), Default (0)

0: Home in negative direction.
1: Home in positive direction.

This parameter sets the direction in which Home will take
place. (See 104 for Homing Feedrate Setup and i25[i45] for
home offset.) Note that during a homing procedure, the i35
[155] and 1i36[156] software travel limits are disabled.

i25[i45] Set Home Qffset
Range (0 - +/-32767), Default (500) Unit: Encoder Counts

During the homing process and after detection of the
machine’s Home switch (Home Flag) and the encoder’s "C"
channel, the axis will move by the amount and direction

specified by 1i25[45])]. (See 126[i46] for definition of
polarities that may be wused for the “C" and Home Flag
inputs.) Note that the "User Flag" input may be used as
well.

1i35([155]) and 1i36[156] software travel limits are disabled
during homing procedure.

i26[i46) Set Home Flaac and User Flag Control Bits
Range (0 - 7), Default (0)

This parameter allows the user to specify the manner in
which & position-capturing interrupt is generated. There
are several uses for this interrupt: to capture the
reference position in a homing operation (home flag); to
verify that no counts on an incremental encoder have been
lost in a revolution (encoder "C" channel - the once around
pulse); and to capture the position at a certain event (user
flag). These interrupts capture the position only of their
own axis. The time uncertainty of the capture is on the
order of 20 microseconds: at the maximum 1 MHz encoder

rate, the error can be up to 20 counts; at rates below 50
KHz, the error is zero.

126[146] controls the polarity and logical combination of
the C Channel, Home Flag, and User Flag inputs that generate
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the interrupt. (A "/" after the signal name means the
logical complement, not the differential signal; "AND®
denotes the formal Boolean operator.)

izZefide]

Value Triggering Condition
0 (C/ AND HF/) falling
1 (C AND HF/) falling
2 HF rising
3 UF rising
4 (C/ AND HF) falling
5 (C AND HF) falling
6 HF falling
7 UF falling

The combination of C Channel and Home Flag is useful because
it allows the home switch to be located loosely, with the C
Channel providing the precise positioning.

(Parabolic SMCC only) i26 also establishes the condition of
X-axis inputs that generate the trigger in the "Go Until"®
move (Xd ~ d). The X-axis interrupt acts on both axes for
this situation only. 146 establishes the condition of v-
axis inputs that generate the trigger for WUT (Wait Until
Trigger) moves. See Software Update section, page 414, for
details.

i27[i47] Set Handwheel Scale Factor
Range (0 - 65535), Default (4096) Unit: None

This determines the ratio of handwheel count vs. motor
encoder count. Desired position indicated by handwheel is
calculated as follows.

Desired Position = i27[i47] x Handwheel Count
4096

The maximum ratio yields 16 times the input count. Exercise
caution when using a high ratio.

See 116 2 or 3 for the use of 127[1i47] in external time
base mode.

When the handwheel counter is used for 1/T velocity decoding
by 128[148] = 2, 127[i47) should be set to 32 x (105 + 1) for
proper velocity scaling. With i05 at the default value of
487, 127[i47] = 15616.

i28[i48] Select Handwheel Mode Control
[STD] Range (0 - 7), Default (6)
[PARAB] Range (0 - 3), Default (3)

On the Standard SMCC, modes 0 - 3 specify the other-axis
encoder signal as handwheel input, while Modes 4 - 7 use
external handwheel inputs.
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On the Parabolic SMCC, modes 0 - 3 specify the externgl
handwheel input. Modes 4 - 7 are not used. The Parabolic
SMCC cannot use the other-axis encoder as handwheel input.

0 or 4: Standard Mode - Machine zero position 1is not
changed or translated. Position follows handwheel
during move and position display changes -
inactive during a calculated move.

1 or 5: Position Offset Mode - Machine zero position is
changed and is translated as the handwheel moves.
Position display does not change - active during

run .or stop.

2 1/T Mode [PARAR only] - Handwheel is disabled and
its counters are used for special velocity
decoding mode. Jumper E40 must be removed for the
X axis to work in 1/T mode, and E41] must be
removed for the Y axis. Also, 127{i47] must be
set for proper wvelocity scaling (15616 for the
default servo cycle time). See 1i271i47)
description. See Parabolic section of manual for
details.

3 or 7: Handwheel position control disabled but the

specified handwheel signal source (external or
other axis) may be used for time synchronization
(see 1i16).

i29[i49] Set Handwheel Encoder Control Bits
Range (0 - 19)[0 - 11], Default (3)

This parameter controls the direction and multiplication
factor of the handwheel encoder’s A/B quadrature input.
Also, it allows a pulse and direction input mode to be used
where the A channel 1is wused for pulse input and the B
channel for direction.

12914149

0[0] Pulse and Directicn CW (counts up when B is high)
1[1] x 1 Quadrature Decoding CW (counts up when B leads A)
2[2] % 2 Quadrature Decoding CW (counts up when B leads A)
3[3] x 4 Quadrature Decoding CW (counts up when B leads B)
16[8)] Pulse and Direction CCW (counts up when B is low)
17[9] ®x 1 Quadrature Decoding CCW (counts up when A leads B)
18[10)x 2 Quadrature Decoding CCW (counts up when A leads B)
19111]1x%x 4 Quadrature Decoding CCW (counts up when A leads B)

All other values are not allowed.

When using the handwheel, be sure the handwheel inputs are
enabled (see 128[148]).
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i30[i50] [STD] Select Gain Multivlication Scaler Control SMCC
Range (0 - 1), Default (0)

0: Proportional Gain Constant (i20) 1is directly used
internally.

1: Proportional Gain Constant (i20) is multiplied by 256
and then used internally. This control is wused to
effectively increase the range of Proportional Gain
Constant. The value of D/A converter output DAC 1is
calculated by:

DAC = 120 x k0 x [E(n) - i21 x E(n - i22 - 1) + Sum i23 x E(3) )

[x)

Y
(R

i
(@)

65536

where E(n) is error input wused in the internal
processing, and k0 = 1.25V/65536 for 130 = 0, or
1.25v/256 for i30 = 1.

i30[i50] [PARAB] Acceleration - Feedforward Gain
Range (0,255), Default (0) Scale: None

The Acceleration Feedforward Gain allows the user to reduce
the following error generated during accel and decel.
i30{1i50] generates a term which is proportional to
acceleration and adds it to its servo error output.

All other servo gains should be adjusted satisfactorily
first and then 1i30[i50]) should be increased gradually until
a desirable following error during accel/decel is achieved.

131[i51] Set Jog Feedrate
Range (0 - 255), Default (200) Unit: None

This parameter sets up the speed of jogging operation. Jog
Feedrate is calculated by the following eguation:

Jog Feedrate = i31[i51] x i06
250

Note that Jog Feedrate is affected by both 106 and i31[i51)

Jog speed also can be changed by using "%" on-line or "poOT"
in the Buffer Command. This, however, will also affect the
time values used in the program.

i32[i52] Set Normal PWM Limit Control
Range (0 - 255), Default (128) Unit: None

Limits error output (Current or Velocity Command) to
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amplifier. 0 is no output, 255 is full output or +/-10V.

May be used in tachometer systems to limit velocity, and in
systems without a tachometer to limit torque.

i33[i53] Set Protective PWM Limit Control
Range (0 - 255), Default (64) Unit: None

Sampling Rate: 43 msec.
Suggested Setup: 132[i52] > 2 x 133[153]

This parameter sets.up .a."fallback" wvalue if a time-
integrated maximum allowable PWM limit 1is exceeded. Once
75% of 132[152] 4is reached and maintained for
approximately three seconds, SMCC goes into Protective Mode
which uses Protective PWM Limit Value (i33[{i53]) until
current goes down to corresponding value. It then restores
the output limit to 132[i52] level. The I-squared-t output
and LED indicator are turned on during protective cycle.

i34[i54] Set Backlash Compensation
Range (0 - 65535), Default (0) Units: Encoder Counts

This parameter allows the SMCC to compensate automatically
for backlash between the motor and the load. When direction

is changed, SMCC will add 1i34[i54] counts to the length of
the move.

For example, i1f your last move was negative ending at X = 0,
and 134 were set to 100 counts, then an X2000 move would
actually cause a move of 2100 encoder counts. If the next

following command were X1500, there would be a move of -600
counts.

The position as shown on the LED/LCD display, or sent in
response to the "p" Command does not reflect the changes
caused by 134[1i54]. In the example above, it would show
rest positions of 0, 2000, and 1500. (A position caught
right when a move starts in a new direction can show the
backlash. In the above example, you may see -100 and 2100
displayed for an instant.)

i34(1i54] does not affect Jjog moves or handwheel following
moves, except to note the direction of movement. If the
next programmed move is in the opposite direction from the

last jog or handwheel move, 1i34[i54] will be added to the
length of the programmed move.

See Software Update section, page 416, and i80, for informa-

tion on an enhanced backlash function available on new
Parabolic SMCCs.

i35({i55] Set Software Positive Position Limit
Range (-1 to [67,108,863)-1), Default (-1) Unit: Encoder Count
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i36[i56] Set Software Negative Position Limit
Range (-1 to 67,108,863), Default (-1) Unit: Encoder Count

The 135[1i55) and i36[i56) parameters are used to prevent
motion beyond set limits. A -1 value sets the limits to

maximum value (effectively no limit). 136 takes a positive
value, but means a negative limit (e.g. 136 20000 sets the
negative position limit to -20000). Caution must be exer-

cised, since the SMCC will travel beyond the set limits by
an amount equal to the distance needed for deceleration
(done in 108 time if 111 = 1) plus a maximum of five
.milliseconds of .delay due .to.background servo tasks.

Both of these parameters are disabled when a homing function
is being performed. On the Standard SMCC, these limits are
not operative during handwheel following moves.

i37[i57] Set Position Range
Range (+/- [2*27]-1), Default (0) Unit: Encoder Count

This parameter sets a circular position rollover range.

If a negative number is specified, range is set up for both

directions up to the specified absolute value. If a
positive number is specified, range is set up for positive
direction only (0 - specified range) .

Range 1is used primarily in rotary tables or «closed cycle
systems where an automatic position rollover is desired.
In the Parabolic SMCC, parameter 178[i79] is used to control
the SMCC’s behavior in this mode as follows: :

178[179] = 0 specifies motion within the range using the
shortest path to follow.

178[179] = 1 specifies direction of motion as specified in
the Move Command.

138[158] Set Position and Displav Scale and Format
(n:m.d), Default (1:1.0)
Range: n (-2731 - +2731 - 1)
m (=231 - +27°31 - 1)
d (0 - 7)
m/n { 0 - 32)

Desired Display and Motion Data = Encoder Counts x m x 10°9d
n

The scale factor can be used to set up the display and data

entry so as to represent the machine’s moves in engineering
units rather than encoder counts.

This multiple-part parameter controls the input and output
scaling of position data. Parts m and n define the
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conversion ratio, and d sets the order of magnitude of the
conversion, plus the number of digits used to the right of
the decimal point.

Example: Motor has 500 lines/Rev. encoder. Lead screw is 5

pitch. It is desired to display position in inches with
2 decimal points.

1) Multiply encoder by 4, using 1i39[1i59] value
of 3 or 7.
2) You now have 2000 encoder counts/Rev.

3) The 5 pitch lead screw requires 5 revolutions for 1" of
travel. 5x2000 = 10000 encoder counts/inch.
4) Set 138[i58] so n=10000 (convert to inches), m=100 (show

hundredths of an inch), and d=2 (decimal point two places
in): n can be reduced to 100 and m.to 1 because it is their
ratio that is important, so the command becomes 138[i58]
100:1.2.

5) The position displayed will now show "1.00" for 1 inch of
displacement.

Note that when 138[i58] is active, the input data to the MCC
must also be entered with the scaled format. An "X0.50"
entry in the above example will move one half inch. Any
further digits to the right of the decimal point (more than
d digits) will be ignored.

The leading zero must be used for fractional counts. For
example X0.25 is okay, X.25 is not.

Important note: This parameter only affects position values as
they enter and leave the SMCC (i.e. the scaling is done as part
of the transmission process). This means that this scaling

factor does not affect P~-Variable moves (e.g. X(Pl) Y (P2)).
Distances and positions specified by P-Variables must always be
in encoder counts, regardless of the 138[1i58] scaling factors in
effect.

i39[i598] Set Position Encoder Mode Control Bits
Range (0-7), Default (3)

0 Pulse and Direction CW (counts up when B is high)
1 x 1 Quadrature Decoding (counts up when B leads A)
2 x 2 Quadrature Decoding (counts up when B leads A)
3 x 4 Quadrature Decoding (counts up when B leads A)
4 Pulse and Direction CCW (counts up when B is low)

5 x 1 Quadrature Decoding (counts up when A leads B)
6 x 2 Quadrature Decoding (counts up when A leads B)
7 x 4 Quadrature Decoding (counts up when A leads B)

As shown by the above selections, the position encoder may be
selected as A/B quadrature, multiplied by 1, 2, or 4 and direc-
tion may also be selected. Note that reversing encoder direction
may also be accomplished by swapping the "A Channel" signals for
"B Channel”. Also, a pulse (A Channel) and direction (B Channel)
(Hi = positive direction) may be specified as encoder input.

(See 1291149] for controlling the operating mode of the handwheel
encoder.)
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TEE FOLLOWING DEFINITIONS OF i40 THROUGH i59 ARE ONLY
IN FORCE IF il3=1 (BRUSHLESS MOTOR MODE) . IF 113=0, i40
TEROUGH i59 ARE THE Y-AXIS EQUIVALENTS OF i20 THROUGH
i3s.

Set Encoder Counts per Electrical Revolution (per pole pair
or cycle, for AC induction and brushless DC motors only)
Range (0 - 65535), Default (1000) (4-pole motor, 2000 count/
Revolution Encoder) Units: Encoder Counts

Correct . setup of this parameter is critical because the
internal phase commutation requires this information. Note
that the unit is counts per electrical revolution which is
calculated by

Counts Per Electr. = 2 X encoder counts per
Rev. (i40) # of poles Mech. Rev.

If a 1000 count per revolution encoder is installed in a
four-pole motor, i40 should be 500. The default value of
1000 corresponds to a 1000 count/rev. encoder for a two-pole
motor or a 2000 count/rev. encoder for a four-pole motor.

Examples:

| |
encoder | number of | calculated
Counts/Rev, | motor poles | 140 value

2000 | 4 I 1000

2000 | 2 I 2000

1000 | 4 | 500

1000 | 2 | 1000

500 | 4 I 250

500 J 2 | 500
NOTE: On the Parabolic SMCC, if i50 is set to one, 140
must be set to the number of counts in three
electrical cycles of the motor (see i50

description).

Set Phase Advance Scale Factor
Range (0 - 255), Default (64) Unit: None

Commutation phase advance value is proportional to the
product of shaft speed and i41. An initial adjustment is
necessary to obtain maximum torgque at the desired maximum
speed (adjust for minimum current). Once this adjustment at
maximum speed is made, the SMCC will then automatically
adjust the phase advance as a function of velocity to
optimize current consumption.

84




PROGRAMMING MANUAL

This parameter adds a phase advance proportional to the
velocity. For a speed of V in revolutions per second, the
phase advance will be 141*V*k. The k 1is different for
Standard and Parabolic.

k = 45/16384 for Standard (.082 degrees for 1800 RPM per
increment of 1i41)
k = 45/1024 for Parabolic (1.32 degrees for 1800 RPM per

increment of 141)

i42 [PARAB] Induction Motor Magnetization Current
Range (0 - 255), Default (0)

(i42 is not used for AC induction motors on the Standard
SMCC. This function is controlled by 152 on the Standard
card.)

In Parabolic SMCC, when induction motor control 1is selected
by i13=1 (select brushless motor) and i45 > 0 (slip gain),
then 142 is used to set the magnetization current level of
the AC induction motor. The current level is dependent on
the amplifier used. Normally a 5% to 10% value of maximum
current is chosen; therefore, a value of i42 of 5 to 25 can
be used. The higher 142 is, the greater the torque and the
warmer the motor will get, even at standstill.

i43 Set look Up Table Address
Range (129 - 131), Default (130) Unit: None

(129) : Address for 6-Step Mode
(130) : Address for 3-Phase Sinusocidal Mode

(131) : Addfess for 4-Phase Sinusoidal Mode

144 Select 3/4 Phase

Range (0, 1), Default (1) Unit: None
0: 4-Phase Motor
1: 3-Phase Motor

This parameter sets the phase 1, phase 3 output phase shift
to 90 degrees for 4-phase and 120 degrees for 3-phase
motors.

i45 [STD] Set Hall Sensor Phase Offset
Range (0 - +/-32767), Default (0) Unit: Encoder Counts

For Parabolic SMCC, parameter 154 controls this function.
This parameter is used to correct mechanical misalignment

between the hall effect physical position and the actual
phase position.
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initial phase position after the auto phasing is complete.

This is an angle (in encoder counts) that is added to the .

It is active in all forms of phasing, including Hall effect,
Resolver and Current Null phasing, and in the case of
Parabolic SMCC, i54 can be used to set resolver offset.

i45 [PARAB] Set Induction Motor Slip Gain
Range (0 - 65535), Default (0) Unit: None

Refer to i51 for description.

i48 Set Star-Delta Connection

Range (0,1), Default (1) Unit: None
0: Brushless Motor Star (Y) Connected
1: Brushless Motor Delta Connected

This parameter controls the manner in which the SMCC
performs its phase finding when used with a brushless motor.

i50 [STD] Encoder/Resolver Selection
Range (0,1), Default (0)

0
1

Use Standard Phasing Initialization (assumes encoder)
Initializes Phasing with Resolver

o

NOTE: On the Parabolic SMCC, this function is controlled by
i72.

i50 [PARAB] Enable Triple-Cvcle Motor Definition
Range (0, 1), Default (0)

Setting this parameter to one permits the use of encoders
and resolvers whose number of counts per revolution is not
divisible by three in cases where the brushless or induction
motor has 3 or 6 cycles (6 or 12 poles) . On the Standard
SMCC, or with 150=0, there must be an integer number of
counts per electrical cycle of the motor (140 is set to this
value) . When 150 is set to one, 140 must be set to the
number of counts in three electrical cycles of the motor, so
the number of counts in one cycle does not have to be an
integer. This 1is particularly useful for using absolute
encoders or resolvers, whose counts per revolution are

typically powers of two, with 6-pole or l12-pole brushless
motors.
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i51 [STD] Set Induction Motor Slip Gain
Range (0 - 255), Default (0) Unit: None

Q NOTE: This function is controlled by 145 in the Parabolic
SMCC (where it has a range of 0 - 65535). i51 is not
used in the Parabolic SMCC.

If this wvalue 1is not =zero, then 152 controls the
magnetization PWM and induction motor control 1is enabled
(see 152). When i51 is in use (non-zero) it controls the

slip frequency fluctuations needed to control the AC
induction motor’s torque.

This term is used for induction motors only and is used to
produce a slip frequency that is proportional to the torque
required. The range and scale is different for Standard and
Parabolic. The range for Standard 1s 0 to 255 and for
Parabolic is 0 to 65535. The slip frequency is T*i51[i45]*k
lines per second where T 1s the torque current in PWM units
(255 = full scale) and k is a constant that depends on the
SMCC type. k = 1024/256 for Standard (1024 is the servo
update rate) and k = 5859.375/65536 for Parabolic (5859.375
is the phasing update rate).

i%2 [STD and PARAR] Set DC Brushless Motor Phase Finding Time

Range (0 - 255), Default (20) Unit: 43 milliseconds
[STD only] Set AC Induction Motor Maanetization Current
. Range (0 - 255), Default (0) Unit: None

(On the Parabolic SMCC, this function is controlled by i42.)

For a DC brushless motor (when 113 = 1 and i51 (STD) or i45
[PARAB] 1s set to zero), 152 controls the length of time
allocated to the automatic phase finding that must take
place upon power turn-on or reset. Generally, phase finding
requires from 1/2 to 2 seconds.

For an AC induction motor {(when i51 (STD) or 145 {PARAB] is
not set to zero), phase finding is not necessary, and i52
controls the guiescent magnetization current into the motor,
i52 0 sets 0 current and 152 255 sets maximum current
available from the amplifier. Caution must be used not to
set this wvalue too high since it will tend to overheat the
motor even while it is a rest. A typical setting is 152 5
to 20.

NOTE: On the Standard SMCC, 1if 151 (Slip Gain) 1is greater
than zero (this selects an induction motor since
brushless DC motors have no slip gain), then i5%2 =

Magn. Current. If 151 1is =zero, then 152 is phase
finding time.
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On the Parabolic SMCC,if i45 (Slip Gain) is zero, then
i52 is phase finding time. If 145 is greater than

zero, 152 is not used. O

In effect, i51 and 152 (STD) or i45 and i42 [PARAB] control
the AC induction motor’s gain and operating characteristics.

i53 Set Phasing Current Value
Range (0 - 255), Default (20) Unit: None

Sets the amount of current delivered to motor (brushless)
when the phases are being located upon power turn-on or
reset. This motion causes the motor to move approximately
+/- 60 degrees of shaft rotation. Note that if hall effects
are installed, the phase finding motion is reduced to
looking for the first hall effect edge transition and that
the direction of motion can then be controlled and occurs at
full torque.

i54 [PARAB] Hall Effect Or Resolver Offset
Range (+/-32767), Default (0) Unit: Counts

(See 145 for explanation of phase offset operation for hall
effect, phasing, or resolver alignment.)

NOTE: Please refer to Installation and Startup procedure for
starting up brushless and AC induction motors.
Parameters 115 and 140 to i54 all pertain to these
types of motors.

i60 [STD] PLC Enable
Range (0 - 1), Default (0)

NOTE: This function is controlled by 162 in the Parabolic
SMCC.

0 = Disabled 1 = Enabled

This parameter is used to activate or deactivate the PLC
program stored in SMCC. If i60 = 1, the PLC program will be
active at all times, regardless of whether a regular program
1s executing or not. The only exception to this is during
the loading of a PLC program, when SMCC automatically
disables the PLC (from the time it receives an ‘IF’ Command
until it receives an ’END’ Command) .

i60[i61] [PARAB] Deadband
Range (0 - 255), Default (0)

Specifies a +/- position range from desired position where

SMCC does not close the servo loop. This 1is wuseful 1in
systems that have a lot of backlash between the motor and
the load.
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NOTE: Parameters ifl and greater are for Parabolic version only.

i62 PLC Enable
Range (0 - 1), Default (0)

0 = Disabled 1 = Enabled

See 160 for description.

i63 Parabolic Mode Control for DMA Communication
Range (0 - 1), Default (0)

0 = SMCC receives Parabolic data: binary position and
velocity data.

1 = SMCC receives Standard data: binary position data only.

i63 determines what data the Parabolic SMCC expects when it

is in DMA mode. When 163 = 0, it expects binary position

and velocity data for each axis (to define a parabolic move

segment) . When 163 = 1, it expects only binary position

data (to define a linear move segment).

For details on the format of DMA communications, see the DMA
section of the Parabolic Manual.

Q i64[165] Encoder/Resolver Base Address
Range (0 - 65535), Default (0)

These parameters for the X and [Y] axis are used to specify
the address location at which the absolute encoder’s data
(parallel binary) or the resolver data 1s to be read by
SMCC. An ACC-14 must be used for reading parallel binary
(encoder or other) data and an ACC-14 with ACC-15 plugged
into it must be used to read resolver data. The following
chart provides a list of all the allowable addresses that
can be used for these 1 parameter settings.
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E2/E1 BASE BASE + 0 BASE + 3 BASE +32 BASE +16
JUMPER ADDRESS PARALLEL PARALLEL RESOLVER RESOLVER
EZ El ACC-14 ENCODER ENCODER
J1 J3 Je J7
| fd00h ACC-14 Located at 64768 may not be used
ACC~14 #1|ON ON 64768 for encoder/resolver feedback.

[ £d40h fd40h fd43h fdeOh £d50h
ACC-14 #2|ON OFF 64832 64832 64835 64864 64848
| £d80h £d80h fd83h fdaOh £fdS0h
ACC-14 #3|OFF ON 64896 64896 64898 64928 64912
| fdcOh fdcOh fdc3h fdeOh fdd0Oh
ACC-14 #4|OFF OFF 64960 64960 64963 64992 64976

Hex values are provided for reference only (they are useful
for debugging with the "r" Command). i64[165] values are
entered in decimal.

Please note that any combination of encoders and resolvers
may be used for the X or Y axis so long as the proper
hardware (ACC-14 and ACC-15 combination) and i parameter .
definitions are used.

i66[i67] Speed of Second Resolver (Ratio of "fine to "coarse")
Range (0 - 255), Default (0)

These parameters are used to specify the gear ratio between .
two resolvers, "fine" and "coarse", when they are used to
provide absolute position data on a machine. The gear ratio

may be one to 256 and represents the count ratio of the

"fine" and. "coarse" resolvers. A ratio of "zero", the
default value for 166[i67], tells the SMCC that there 1is

only one resolver attached to that axis. Any value greater

than zero causes SMCC to look for two resolvers and combine

the "coarse" (geared-down) and "fine" (direct-connected)
resolver readings in order to derive an absolute position.

The principle of operation here is that the "fine" resolver
is used to provide a once per motor revolution position data
while the "coarse", through the gear ratio, Kkeeps track of
the number of revolutions the "fine" resolver has made.
Therefore 166[i67] specify the "speed" or ratio of the per
revolution count of the "fine" resolver and the "coarse®
resolver’s counts for that revolution. For example, if both
resolvers are set to a "size" or resolution of 4096 (12
bits) and the gear ratio is ten, and there are therefore ten
counts of "fine" for every one count of "coarse", then
i66[167] 1is set to ten. If the "fine" resolver’s resolution
is increased to 16384 (14 bits), then the ratio of "fine" to
"coarse" is now 40, even though the gear ratio is still ten,
and 166[167] should be set to 40 thus representing the ratio
of actual counts between the "fine" and “"coarse" resolvers.
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168[i€69] Second Resolver Base Address
’ Range (0 - 65535), Default (0)
These parameters, like the 164[1i65] "fine" resolver
parameters, are used to specify the Dbase address at which
SMCC will collect the data for the "coarse" resolver. The
table of addresses given in 164[i65] 1s applicable and may
be used.

i70[i71] Absolute Encoder, Resolver Bias (Position Offset)
Range (67108863 to -67108864), Default (0) Units: Counts

The 170[i71) parameters are used to provide a "bias"™ or
"offset™ to the absolute position of the SMCC so as to allow
the user to create an absolute zero position which coincides
with the machine’s actual zero position. Without this bias
capability, the user would have to position the axis at the
machine’s zero position and then decouple the resolver(s) or
Absolute Binary Parallel encoder and rotate them manually
until their reading is also zero. The bias parameter can be
used instead as follows:

1) Position the axis using the jog or handwheel so that it
is physically where you wish to see your machine be at
zero position (Machine Zero).

’ 2) Read the position using "p" Command.

3) Enter the negative of the position read as your
170[1i71) bias parameter.

For ekample, if indicated position is +16,500, wuse
-16,500 for bias.

4) When the bias number has been entered, it will not take
effect until an online "$" Command (Soft Reset) is
issued to SMCC. Saving the bias number using the "s"
Command (Save) will cause the SMCC to always read the
absolute position, add the bias number to it, and then
set 1ts current position accordingly.

i72[i73)] Encoder, Resolver Size (Fine Resoclver Resolution)
rRange (0 - 23), Default (0)

These are the parameters that are used to configure the SMCC
for reading an A/B guadrature encoder, a resolver, or a
parallel binary encoder.

1) When 172([173] is set to zero (Default Value), this
tells the SMCC to read its A/B Quadrature encoder
o channels.
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When 1i72[i73] is set from one to seven, it specifies
the "size" or "resolution" of the resolver being used.
The ACC-15 R/D converter card has software selectable
resolutions. This means that when using the same
resolver, it’s possible to obtain 10, 12, 14, or 16
bits of resolution or counts per revolution of 1024,
4096, 16384, or 65536. The penalty for higher
resolution is that the maximum RPM of the motor is
reduced from 60,000 at 10 bits to 900 at 16 bits. It
is the ACC-15's R/D converter which limits the RPM so
that the maximum position counts per second are
approximately 1 MHz. Even though the SMCC provides
seven possible resolutions for the resolver, only four
are used as follows:

BITS/RESOLUTION COUNTS/REVOLUTION MAXIMUM RPM

OJo Wb WP

NOTE:

USE

10 1,024 62,400
NOT USED

12 4,096 15,600
NOT U S ED

14 16,384 3,900
NOT USED

16 65,536 975

A/B QUADRATURE INCREMENTAL ENCODER

The 139[i59] parameter, "Position Encoder Mode
Control", must be set to three or seven (x 4
multiplication) for the resolver counts to be counted
correctly.

Please note that the ACC-15’s R/D converter outputs
parallel data bits to indicate its position. The SMCC
reads this absolute position once upon power turn-on or
reset and then subsequently relies on the fact that
ACC-15 converts the parallel data from the resolver
into A/B quadrature ocutput pulses which must be
connected to the SMCC’s position encoder channel. This
is why the 1i39[i%9] Position Encocder Mode Control
parameter must Dbe set to a "x 4" state in order to
count the resolver counts properly. Setting 139[i59)
to "x 2" or "x 1" will divide the counts per resolver
revolution down by two or four.

Setting 172[173) to a number greater than eight sets

the SMCC up to read a parallel binary encoder as
follows:

172[173] 8 to 23 specifies a parallel binary input of
8 bits to 23 bits (256 counts to 8,388,608
counts). 23 bits is the maximum allowed.
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Also note that even though the Jl and J3 connectors on
the ACC-14, where the parallel data input is connected,
can handle 24 input lines, only 23 bits are allowed
because the 24th line is used as data strobe by the
SMCC in order to "freeze"™ the data sent to it by the
Absolute Parallel Binary encoder. The encoder should
be capable of freezing the data as long as the strobe
line is present (the strobe polarity is controllable by
SMCC) .

Similar to the resolver operation, the SMCC reads all
the parallel data bits upon power turn-on or reset and
subsequently reads only the 16 least significant bits
of the data and derives incremental position data from

these. The data read process involves special data
filtering in order to prevent erroneous data from being
read.

4) Setting 172{i73] to a number greater than 23 is not
allowed even though the SMCC will accept values up to
31. A summary of all the wvalues for 172[1i73] 1is as

follows:
17213i73)]
0 Use A/B Quadrature Encoder
1 -7 Resolver Size
8§ - 23 Parallel Encoder
24 - 31 Not Allowed

Do not change i72{i73] while moving. A reset or power-
on cycle 1s needed to make a new setting register
properly.

i74[i75) Second Resolver Size (Coarse Resolver Resolution)
Range (0 - 7), Default (0)

The settings of these parameters are the same as 172[173]
except that they apply only to the "coarse" or dgeared
resolver and values greater than seven (which would specify
a parallel encoder) are not allowed. The SMCC does not
handle two Absolute Parallel Binary encoders in a "geared"
system where a "fine" and "coarse" encoder can be used.

i76[i77] Encoder "Data and Strobe®” logic Level
Range (0 - 3), Default (0)

This parameter 1s used to specify the polarity of the
Absolute Parallel Binary encoder data bits and the polarity

of the “strobe™ or "freeze®™ output that the SMCC sends to
the encoder.
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1i761i77] .
E

0 (Default) Data Lines and Strobe Non-Inverted

1 Data Lines Inverted, Strobe Non-Inverted
2 Data Lines Non-Inverted, Strobe Inverted
3 Data Lines and Strobe Inverted

Please note that if the data lines are inverted, this in

effect reverses the direction of the encoder count.

i78[i78] Range Mode.Control.JShartest.Distance.oruAbsolute)
Range (0 - 1), Default (0)

See parameter i137[i57] which controls the SMCC’s position
range (rollover).

i78[179] = 0 selects the shortest distance to travel from
one position to the next.

i78[1738] = 1 selects a direction controlled move within the
range.

i80 Backlash Take-up (PROM Versions V2.78P and newer only)
Range (0 - 15), Default (0)

When 180 = 0, the backlash function is as on older versions,
when it is only active on programmed moves, not jog or
handwheel moves.

When 180 > 0, backlash compensation is also active on jog or
handhweel moves, and the value of i80 determines the number
of counts per background cycle (approximately 4 msec.) at
which the backlash is taken up on direction reversal. See
Software Updates section, page 416, for details.

i8l Circle Frror Tolerance (PROM Versions V2.78P and newer only)
Range (0 - 15), Default (0), Units (Encoder Counts)

This parameter allows a circular move of distance slightly
greater than twice the radius to be done without error (this
situation usually occurs due to roundoff €rrors when spe-
cifiying a half-circle). If the specified move distance is
greater than twice the radius by a number of encoder counts
less than 181, the radius is increased slightly so that a
half-circle move is made. If the error is a greater than
i81, the program will stop and an error will be generated.
See Software Updates section, page 417, for details.
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5. DIRECT CONTROL COMMANDS

These commands are not stored in the buffer but executed
immediately upon reception.

—— Y G T > i Vil G S G G e G W G G B G G T S G

s G e S o e e W e $ie G G e i G S e G Ui o e e G G S S

NOTE: * Indicates that these commands are duplicated by the
manual control panel.

0 Quit
Quit running the program at the end of the current
block. BAlso used to stop Jogging or Terminating "O“
(Open Loop Output) Command.

* R Run
Start Executing Motion Buffer Instructions continuously
without stopping between steps. (Can also be issued

via Control Panel switch.)

* S Step
Execute Current Buffer Instruction, stop and adwvance
buffer pointer. (Can also be issued via Control Panel
switch.) After stop, buffer pointer advances one block

so that another Step Command executes next instruction.

* H Feed Hold(Stop/Abort)
Stop immediately and hold current position. To resume
motion and complete current block, use "R" (Run) or
"S" (Step) Command. (Can also Dbe issued via control

panel switch.)

S Soft Reset
Initiates phase finding operation and preserves all
internal data. Usable to correct motor phasing, motor

type, and position feedback device type only.
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DECELERATION (STOP) TIMES FOR SPECIAL CONDITIONS (if 111 = 1)

\ Type | Programmed | Jog |
Stop \ of | (Calculated) | (Non-Calcu- |
Condi- \ Move | Move | lated) [
tion \ | | Move I
Feed Hold I % POT # | I
("H" or Hold |%stop="SLEW # | Cstop = i08 |
Button) | | I
| (bin. msec.) | !
Abort Move | | I
("g"™ or Abort | tstop = 108 | tstop = 108 |
Button) | | I
I I I
Software | | |
Limit I tstop = 108 | tstop = 108 |
Exceeded | | |
| I I
Hardware | | I
Limit | tstop = i08 | tstop = 108 |
Tripped I | I
I | !

NOTES:

1) These times control the deceleration of
the commanded positions. If the stop
time is short, the motor may not be able
to follow the stop without overshoot.

2) These times are valid for both Standard
SMCC and Parabolic SMCC. However, only
on the Standard SMCC does a "t" command
change the i08 value.

3) There may be several {up to 5)
milliseconds of delay after the
condition occurs before the deceleration
begins, due to processing limitations.

4) If 111 = 0 (feed hold slew control
disabled), the commanded position 1is
stopped immediately. The motor will
almost certainly overshoot and bounce
back.
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* $s Hard Rese
(Can also be issued via control panel switch.)
Essentially causes a complete reset to occur. Hard

reset from host computer does not change baud rate and
card address.

* = Return to Pre-Jog Position
Return to the position from which 3Jjog or handwheel
movement was started. This command is allowed only
when the motion 1is stopped. (Can also be issued via
Control Panel switch.) "=" may also be used after "a"
to complete the move that was aborted (but not proceed
~further in the program).

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

* h(X/Y¥) Home
Go to home position as specified by the X and Y, and
104, 124, and i25 [i45]. The equivalent buffer command
is "HOME (X/Y)". (Can also be issued wvia Control Panel
switch but only for both X and ¥ simultaneously.)

The exact format of the "h" Command is as follows:

hX causes the X axis only to home
h causes the X and the Y axes to home
hY causes the Y axis only to home

The h and Input switch Home Commands differ from the
"HOME" Buffer Command in that they begin a home cycle
and reset the program execution pointer to the
beginning of the program, whereas "HOME" does not reset
the pointer.

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 or other
uses. To restore normal servo operation use the "Q©
Command. While the "k" Command 1s active, the
following error limit output (i00) is disabled.

* q Abort Current Move
Aborts the current move and resumes with next block’s
move 1f "R" or "S" Command received. (Can also be
issued via Control Panel switch.) If the "=" Command
is issued next, SMCC will complete the current move.
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When this command is given from control panel
("Abort"), the program counter is reset to zero, so the -
program will resume from the start, not from where it O
left off. Deceleration time for "g" Command is set by

108 for both programmed and jog moves.

*  J(X/Y) Jog Positive
Jog Positive at a rate specified by 106 and i31 [i51]
(To stop jogging use another "J" or "Q".) Jog rate is
106 x (i31[i51])/256) x (%/65498)

NOTE: For the "J", "3j", and "O" Commands the following
applies:

JX, jX, OX will affect the X axis only.

J, J, 0 will also affect the X axis only.

JY, jY, OY will affect the Y axis only. ;

JJy, JjY, 3jJY, 3jjY, OOY will affect both X and Y axes.

*  j(X/Y) Jog Negative
Jog Negative at a rate specified by i06 and 131[i51]).
(To stop jogging use another "3j" or "Q".) Jog rate 1is
106 x (i31[i51)1/256) x (%/65498).

O(X/Y)n Absolute Qutput, Open-loop Control
The "O" Command is used to cause the SMCC to output a .
DC voltage of the specified value on its velocity error
output to the amplifier.

The n has a range of 0 to +/- 255 where 0 produces zero
volts out (+/-50 mV of offset) and 255 produces 10.0
(+/-1) wvolts out. The "O" Command automatically
disables the servo loop and is very useful for test and
calibration of the amplifier velocity or current loop.

See the note under "J" Command for axis specification.

$¥N,n Feedrate % Override (% Feed Pot -
See also 114 and i16)
N: Range (0 - 65535), Default (value of 107, wusually
65498)

n: Range (0 - €5535), Default (64)

The "%" Command is used to override the default time
base number, and so to change the speed of execution of
moves {(feedrate %). The power-up or reset value of N is
107 (which is set at the factory to 65498)

-

The equivalent buffered commands are "POT N" and "“SLEW .
n".
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The precise definition of the function of the "%" number
is to control the time increment dT used to generate the
next command trajectory position in the equation
Pnew = POld + (Vel * dT) -

By changing the wvalue of dT we can change how fast a
move 1is executed (on all axes synchronously) without
changing the program or altering the actual path of the
trajectory.

The value of dT is determined by the equation:
dT (in microseconds) = 65536 x [2 x (i05 + 1))
N

with the default values (i05 = 487, N = 65498), dT is
876.566 microseconds or 1/1024 second (what we refer to
as a "binary millisecond"). At these settings, values
specified in a program for "T" and "t" define the actual
execution time for a move.

If the value of N is changed (by the on-line "% N, n"
Command, by the buffered "POT n" Command, by the analog

input voltage with il14 = 1, or by . the handwheel input
frequency with 116 = 2 or 3), the speed will change
proportionately (and time values dT, t, and T will
change in inverse proportion). Some helpful equations
are:

Velocity (cts/sec) = i06 x F X N

1024 65498
dT (microseconds) = 1,000,000 x 65498
1024 N
T or t (seconds) = 1 x 65498
1024 N

(All these equations assume 105 = 487, for a servo cycle

of 8976 microseconds.)

The "n" value controls the rate of change in N. It is
the amount added to the current value of N each servo
cycle until the new value is reached. With the default
value of 64, it takes one second* to change over the
full range of N. At n = 65535, any change is done in a

single servo cycle. At n = 1, it takes 64 seconds to
change over the full range of N.

If n is not specified, the last-specified value of n in
a "%" or "SLEW" Command is used (or the default value of
64 1f a value has never been specified).

If N is not specified, SMCC regards this as a Query
Command and returns the present value of N.
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If i14 = 1, any % commands given are overridden by the
analog input voltage, where 0 volts gives a % value (N)
of 0, and 5 volts gives a % value of 65535. (See 114
definition for more details).

If i16 = 2 or 3, any % commands given are overridden by
the handwheel input frequency, where the conversion from
fregquency to % value (N) is controlled by i27 (and i47
in the Parabolic SMCC). (See 116 definition for more
details.)

o - O DI B M Gme e . Gk e e G I e S e G G G o G e . o T

Gotc Beginning
Go to beginning of subroutine nn or main program if nn not
specified ("b" only). nn is 00 to 63.

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

Learn and Store X and Y Position

The "1" Command may be used to learn and store positions
directly into the motion buffer. The SMCC may be used to go
to the desired position by Jjogging, using the handwheel,

or, if the "k" Command is used, by manually moving the
motors.

If the "Program Buffer" is not full, each time an "1"
Command 1is issued the current X or (X and Y) position is
saved in the buffer. Commands such as feedrates, move
times, and dwells may be sent to the SMCC at any time and
will be stored in the next available buffer location.

If the "Program Buffer" is full, issuing the "1" Command
causes the current position to overwrite the buffer’s memory

location. If &a program is being executed and the SMCC is
stopped at a certain position by using jog or handwheel, the
position may be altered and then learned. The new learned
position will now be in the buffer and next time the

program is executed, the SMCC will go to the new learned
position.

i1s also possible, by using the PLC program, to cause one
the SMCC’s inputs to be used as a "learn" input and to
have the PLC generate a complete subroutine or other
command each time "learn" is commanded.

T+
-
of
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zZn Purge Buffer and Reserve n Steps For Program '
If n is not specified, purge main program only. If n is
specified, purge entire buffer (main program, subroutines,

and PLC), and reserve n lines for the main program. n is 1
to 1790. The rest of available memory can then be used to
store labels (subroutines) 00 to 63 and PLC (Background
Programmable Logic Controller) programs.

Examples: 1) "z50" clears the entire program buffer
including the subroutines and reserves 50 lines
for the new program. The PLC program is not
affected. To clear PLC programs use "“PUR"
Command.

2) "an© clears the existing program only and

retains the subroutines and the PLC program.
The buffer size remains the same as last
specified. Note that the buffer size can be
changed by using the MAP Command.

rA,v Read Memoryv Data
Read Vv bytes of data starting from address A (Hex value) .
The data is sent back in a continuous string and is in
hexadecimal format where two characters represent one byte.

Ranges: A (0000 - ffff) hexadecimal

v (1 - 8) If v is not specified, one byte will be
sent.
Example: r f f b 8, 2 reads the value stored at address

f fb 8 and f f b 9. Please note that lower-case
characters a to f are used.

dA,v Read Data and Disvlay With Format
Range: A (0000 - ffff) hexadecimal, v (1 - 65535) decimal

Read v bytes of data starting from address A (hex value) v =

1 to 65535, specified in decimal. The data is sent back in
e form similar to the Intel Hex format. The base address is
returned (in hex), followed by up to 16 bytes of data (in
hex), separated by spaces. If more than 16 bytes are
requested, more lines are returned, each starting with the

base address for the line, followed by the data in the same
format as the first line.

whA,d Write Memorv Data
Range: A (0000 - ffff) hexadecimal, d (00 - ff) hexadecimal

Write a byte of data d to address A (hex value) . Please
note that d is in hexadecimal format.

102




PROGRAMMING MANUAL

Data can be written to consecutive addresses starting w?th
the address specified with & single "w" Command by adding
more data bytes separated by columns. The command line must

not exceed 52 characters.

8 Save Program and Parameters in Permanent Memory
The "s" Command is used to save programs and parameters in
the SMCC’s EAROM permanent memory. There must be a program
stored in the SMCC’s buffer before the "s" Command 1is
accepted by the SMCC (the shortest acceptable program is an

“"END" statement). On power-up or resef, the parameters and
programs in EAROM are loaded into RAM for active use (on
cards without Option 5 - see below). The EAROM is not read

at any other time.

With the basic 512 x 8 EAROM, the Standard SMCC stores the
1, P, C, and M parameters plus six program lines, and the
Parabolic SMCC stores the I parameters plus 80 program
lines. With the addition of the 8K x 8 EAROM (Option 2),
both Standard and Parabolic SMCC store the I, P, C, and M
parameters plus 1790 program lines.

If the Option 5 (32K x 8 battery-backed RAM) 1is used in
place of Option 2, there is no difference between permanent
and active memory, so the "s" Command i1s meaningless.

innv Set Value of Parameter Inn to Value v

i parameters may be sent to SMCC at any time and will take
effect immediately upon reception. The equivalent buffer
instruction is Innv. The legal range of v is dependent on
the value of nn. Please note that if inn is sent to SMCC
without a value v, the SMCC will send back the value stored
for the parameter inn. Also, 1f an ix 1is sent to SMCC, it
will send back the current value of all the parameters it
currently has.

Cmm = A Define Cmm As Address A (creates look-up table)
The eguivalent buffer instruction is: SET Cmm = A,

Once an address 1s defined as a Cmm it can subsequently be
pointed at by using Cmm.

Range: mm = 00 to 63 (decimal)
A 0000 to ffff (hex)

Mnn = Cmm.b Define M Function Bit at Address Cmm at
Bit Position b
The equivalent buffer instruction is: SET Mnn = Cmm.Db.
o To control the defined Mnn bit, use SET nn to turn on and

RESET nn to turn off the bit in the program buffer.
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Range: b = 0 to 7
nn = 00 to 63 (decimal)
mm = 00 to 31 (decimal)

NOTE: See SET Mnn and SET Cnn Commands in Buffer Instruction
Section for M and C function address assignments.

Mnn = 0/1 Sets (turns on) or Resets (turns off) the Specified M
Function Bit (nn has a range of 0 to 63)
Mnn = 0 Resets the specified bit
Mnn = 1 Sets the specified bit

Range: nn = 00 to 63 (decimal)

Pn = V Sets Value of a Variable Parameter
Range: V -2 ~ 31 to +2 ~ 31 -1 (decimal)
n 1l to 15 (decimal)

The equivalent buffer instruction is SET Pnn = V. RESETP,
clears all parameters and sets them to zero.

The 15 variable parameters may be used with any buffered
command noted by code "d" as a value to be used by that
command.

Example: X (Pn) represents an X axis move as determined by
the value of Pn.

.......—.._-....._.._...-—-.-—-—_-_—-—_—-_—--—__—.__—._—

inn Send current value of Stored Initialization/Setup
parameter specified by nn.

Range: nn = 00 to 60 (Standard SMCC)
= 00 to 80 (Parabolic SMCC)
innB Send the maximum allowable value for parameter inn.
innL Send the minimum allowable value for parameter inn.
innD Send the factory-set default Xflgg for parameter inn.
ix Send all Initialization/Setup parameter values
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e Control V Freeze Position Command

The SMCC accepts this command regardless of whether it is
addressed or not and immediately freezes its current
position in a register, enabling the user to freeze the
positions on a multiple-axis system simultaneously and
then read the position values of all the axes one at a
time (using ‘p’) without time skew errors.

£ Send Following Error

_Following .error is .the.difference.between. commanded and
actual positions. The value(s) returned will be scaled by
the 138 factor (for the X axis) and i58 (for the Y axis).

P Send Current Position

This returns the actual position of the active axes rela-
tive to the last zero setting, reset or power-on position.
The value(s) returned will be scaled by the i38 factor
(for the X axis) and 158 (for the Y axis).

v Send Current Velocity
This returns the actual velocity of the active axes. The
values returned will be scaled by the i38 factor (for the
o X axis), 158 (for the Y axis), and 117 (affecting both
axes) .

NOTE: The f, p, and v Commands will send data for X axis only or
X and Y axes simultaneously, if the SMCC is configured for
TLWO axes.

? Send Status and Error codes

Upon receipt of the "?" Command the Standard SMCC sends
four bytes (eight digits) of data in hex format (00 to ff)
to the host computer. See Parabolic Section for descrip-
tion eight bytes (sixteen digits) sent by the Parabolic
SMCC (page 181).

ist byte BITS HOME #2 COMPLETE (MOMENTARY)

HOME #1 COMPLETE (MOMENTARY)

BLOCK READY

BLOCK REQUEST

CIRCLE IN PROGRESS

HOLD IN PROGRESS

RUNNING (ANY TYPE OF MOVE)

AUTO DIVIDE IN PROGRESS

SOt s WO

2nd byte BITS +1 TIME/FEEDRATE MODE (TIME = 1)
SINGLE STEP

P1.3 (BUFFER FULL)

CIRCLE > 180

CW/CCW CIRCLE (CCW = 1)

bW N O
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.5 CIRCLE/LINEAR (CIRCLE = 1)
€ LIMIT SWITCH SET
.7 NOT READY FOR MOVE
3rd byte SBITS1 .0 JOG POSITIVE AXIS # 1 (X AXIs)
.1 JOG NEGATIVE
.2 OPEN DAC MODE
.3 I2T (LOW TRUE)
.4 FOLLOWING ERROR (110 EXCEEDED)
.5 NOT STOPPED
.6 NOT IN POSITION (MOVING OR gpgN LOOP)
.7 -VELOCITY .I§ _zERO_ (CQMMANDED yELOCITY)
4th byte SBITS2 .0 JOG POSITIVE AXIS ¢ 2 (Y AXIS)
.1 JOG NEGATIVE
.2 OPEN DAC MODE
.3 12T (LOW TRUE)
.4 FOLLOWING ERROR (10 EXCEEDED)
.5 NOT STOPPED
.6 NOT IN POSITION (MOVING OR QpEN LOOP)
.7 VELOCITY 1S ZERO (COMMANDED VELOCITY)

Example:

Bnn

Bx

On sending a ’?’ to a Standard SMCC, the card returns the
ASCII string ’00408888’. This is a hexadecimal representa-
tion of the four status bytes (two characters per byte)
starting with Byte 1. The first pair of characters is 00/,

so all of the status bits inp Byte 1 are 0 (clear -- not
set). The second pair of characters is 740’ . This is a hex
value that can be broken into binary as ‘0100 0000’. These
bits correspond to the individual status bits of Byte 2
starting with Bit 7 and ending with Rit 0. In this case,
only Bit 6 (limit switch set) is set. The next two bytes

are '88’, or '1000 1000’ in binary, which mean 'Velocity is
Zero’ and 'I2T not set’ (Rits 7 and 3, respectively) for
both the X and Y axes.

Send the value of the % Command, 0 to 65535,

Send step number or line number for Label nn or size of

program buffer if nn is not specified. nn is 0 to 63.
Labels are used to define subroutines.

Send line numbers at which all labels, 00 to 63, are

located. SMCC sends the program line numbers at which L00
to L63 are located.

Send Defined Memory Location Address for Cmm. SMCC sends
the address definitions for Cmm only. mm is 00 to 63.
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Cx Send all defined memory location addresses for C00 to Cé3.
SMCC sends all addresses defined for CO00 to C63.

Mnn Send M function definitions. SMCC sends address oﬁ the M
function followed by the bit in that address defining the
M function, followed by the value of the bit. nn is 0 to
63.

Mx Send address, bit, and value for all M functions, MO0 to
M63. SMCC sends data for all 63 M functions, same as Mnn.

Pn Send variable parameter values.
SMCC sends value of variable parameter n, 1 to 15.

Px Send all variable parameter values for Pl to P15.
SMCC sends a list of the 15 parameters and their current
values.

PC Send value of next program line to be executed. Value of

program counter.
PB Send value of program buffer size.

In general, each SMCC Buffer Command occupies one "line"
in the buffer, except commands which have both an X and Y
move, which occupy two buffer 1lines, and parabolic
commands, which occupy two lines per axis.

Verification of a line number and its content can be made
by using one of the editing commands, REPLACE or INSERT
and then listing the program. When in edit mode, the SMCC
will list the program together with the assigned buffer
line number for each command.

NOTEZ: By interrogating the SMCC with PC and PB, the host
computer can calculate the amount of data left to be
executed in the SMCC buffer (PB-PC), and use this
information to send more buffer data to the SMCC even as
old data 1is being executed. The "Buff-full" status line
may &also Dbe wused to handshake with the SMCC in this
recirculating mode; however, the PB and PC Commands
simplify the operation. Using this method, an infinitely
long program may be executed by the SMCC without stopping.

The SMCC V3.6 or higher (ACC-9) utility provides a "DUMP"
program which makes use of this capability to download and
execute programs that are larger than the SMCC buffer can

hold without the need for stopping program execution at
any time.
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LIST n,m
1ist m lines of buffer program starting at line n. If
neither n nor m is specified, the whole program is listed.
If n is specified but not m, only one line is listed. The

SMCC sends the contents of its buffer, line by line, to the
host computer.

LIST o '
List line n only; LIST will list entire program.

DELETE n.,m

Delete m lines of buffer program starting at line n. If n,m
is not specified, no action occurs. If n is specified, but
not m, only one line 1is deleted. When a program line 1is

deleted, the SMCC automatically moves all subsequent lines
up so as to fill the gap.

INSERT n
Insert additional line(s) of program starting at line n. To
exit insert modes use <CR>. When a line insertion is made,

SMCC pushes all subsequent lines down in order to make room
for the insertion.

REPLACE n
Qverwrite program line(s) starting at 1line n. To exit
replacement mode, use <CR> with a blank line.

NOTE: The INSERT or REPLACE Commands cause the SMCC to
output program line numbers when LIST 1is wused, 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.

n and m have a range of 1 to 1780 or 5630, depending
on the SMCC’s options.

zZn
Clear the Motion Program Buffer. The "z" Command can be
used only when the SMCC is stopped. Without the n it will

clear the program area while leaving the 1labels (subrou-
tines) intact.

If the "zn" Command 1is 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
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used for Llabels 00 to 63 (subroutines) and PLC program as

needed.

MAP n _ .
Reallocate n steps or lines for main program area. All
labeled subroutines are moved automatically to create
necessary program buffer space. This command is in effect

used to alter the program area size that may have been
allocated by zn.

PLC n . .
List the entire PLC program if n is omitted. List only the
specified PLC statement if n is specified. n is 1 to 256.

PURGE n . . .
Purge (clear out, delete) the entire PLC program if n is
omitted. Purge only the specified PLC statement if n is

specified. n is 1 to 256. When purging a PLC statement
occurs all subsequent statements are automatically
renumbered.

o o - A AW W T GOe G W A G e e R e G Sz

NOTES: All <CNTRL> type commands do not require a <CR>
(carriage return) to be acted on by SMCC. They are
executed immediately upon reception.

All <CNTRL> characters affect all cards on-line at

once, regardless of whether they are currently
addressed or not.

<CNTRL B, C, D, or E> (Parabolic SMCC Only)
These control characters are used in DMA (Direct Memory

Access) mode to send and receive binary data and status
information.

<CNTRL B> [binary data)] Send binary position commands

<CNTRL C> Request binary position data
<CNTRL D> Request binary status data
<CNTRL E> Regquest binary Pl and P2 values

Refer to Parabolic Section, DMA Communications, for a
detailed explanation of the operation of these commands.

<CNTRL R> (Parabolic SMCC Only)

Upon receipt of this command, any SMCC on-line sets the
value of the "%" feedrate to that in the i07 parameter. The
default value of 107 is 65498. This is used to set the %
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value to its "normal"™ value in a more rapid way than
actually sending a % Command and its value. The rate at
which the card returns to a % (i07) setting is determined by
the most recent SLEW value given - either the "n" in "%N,n"
or the "d" in "SLEW d" (default value is 64).

<CNTRL V>
Upon receipt of this command, any SMCC on-line will
immediately "freeze" the current X and Y positions and store
them for later use by the SMCC. The "frozen"™ position is

indicated on the position display unit (Accessory 12) if one
is being used . and will be sent.in_response ro a "p" Position
Reguest Command. The "p" Command not only sends the
position back to the last but also unfreezes the position
display. Operation of the SMCC is not affected by the
Position Freeze Command. Only position data is captured at
the time of <CNTRL V> command reception. If multiple SMCCs
are being used, it is possible to capture the position data
simultaneously on all cards by issuing the <CNTRL V> Command
capturing and freezing the position data on all SMCCs. The
position data can then be read one card at a time, by using
"Aopn, "Alp", etc.

<CNTRL M> (Carriage Return <CR>)

This is usually 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 1is 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, since a single <CR> operates for all cards.
For instance, "AQOJAlJ <CR>" will cause an X axis jog on both
cards to start simultaneously.

<CNTRL H> (Backspace <BS5>)

This is usually sent to the SMCC by the <Backspace> key. It
erases the most-recently entered character in the SMCC’s
line buffer (the characters awaiting a carriage return to

take effect on the card). As a control character, this
backspace acts on all SMCCs on-line, not 3Jjust 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 "AOX1234A1X5678

<BS> <CR>" would leave "X123" in A0’'s buffer and "X567" in
Al's buffer.
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6. BUFFER COMMANDS

The subsequent commands can all be stored in the SMCC’s buffer
and then executed with a "Step" or "Run" Command. They may also
be executed on-line by using the MDI mode. (See parameter i02.)

o T o G G G G G G G S G G o R G G

i o G G G S G G N G et G

These instructions use no additional buffer space.

All codes greater than zero require four bytes of
program memory (one block). These instructions do
not require an additional “Step" Command to
execute,

All codes greater than one cause data to be sent
to the servo equations. "Step" Commands will
execute these instructions one at a time.

This code is for X-axis moves that can be followed
by a Y-axis move (code=4) on the same line. In
this case only one "Step" Command is required to
execute both instructions with coordinated motion.

This code is for Y-axis moves that can be added to
the end of an X-axis move (code=3) on the same
line. In this case only one "Step" Command is
reguired to execute both instructions with
coordinated motion.

These instructions will not be executed until the
beginning of an instruction that sends data to the
servo (code = 2, 3, or 4).

These instructions use 3i38 to scale the X-axis
position data.

These instructions use 1i58 TO scale the Y-axis
position data.

These instructions can have their data replaced by
a function of parameters. These functions must be
enclosed in parentheses and have one of the
following forms. ‘
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(-Pi*P3Jj) (Pi-PJj/Pk)

(Pi/P3) (Pi*P3/Pk)

(-Pi/P3) (Pi+P3*Pk/Pn)

(Pi+P3j*FKk) The ranges of i,3j,k and n
(Pi+Pj/Pk) are 1 to 15.

These instructions can have an IF or IFNOT added
to make them conditional.

****************************************************i***‘k*****

NOTE: All values denoted by "nn" must be a two digit entry.

***’k*****************‘k*************ﬂ*ﬂ‘k**i**ix*t!****‘k‘k‘ki*r‘k*x

lae SET nn

lae RESET nan

le GOTO+nn

le GOTO-nn

le GOTO nn

Set the bit defined by Mnn to a logical one. This
instruction will do nothing if the bit is an
input. IF or IF NOT can be added to the end of
this instruction to make its execution
conditional. The range of nn is 00 to 63.

Set the bit defined by Mnn to a logical =zero.
This instruction will do nothing if the bit is an
input. IF or IF NOT can be added to the end of
this instruction to make its execution
conditional. The range of nn is 00 to 63.

Jump forward over nn program lines. If nn is zero
then the next line 1is executed (GOTO+00 4is a
useless, but not fatal statement). IF or IF NOT
can be added to the end of this instruction to
make i1its execution conditional. The range of nn
is 00 to 63.
Example: GOTO +02 IF (M1l = 1)

Pl = 1024

GOTO +01

Pl = 612

X (Pl + P2)
Jump nn program lines backward. If nn is zero
then the same line 1s executed. (GOTO - 00 will

lock up the card and should never be used, even
with IF conditions.) IF or IF NOT can be added to
the end of this instruction to make its execution
conditional. The range of nn is 00 to 63.
Example: U1000

GOTO -01 IF (M11 = 0)

Jump to program line with subroutine label Lnn
without saving return address. The program will
terminate when a RET line is encountered. IF or
IF NOT can be acdded to the end of this instruction
to make its execution conditional. The range of
nn 1s 00 to 63. ‘

NOTE: Do not use GOTO commands in such a manner that an indefi-
nite number of these commands can be executed without an
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intervening time-based command (move or dwell). SMCC will
lock up because it cannot keep track of time. For exam-
ple, do NOT use GOTO-00 IF (M1l = 0) to wait for an input.
Instead use: DWELL 20

GOTO -01 IF (M1l = 0).

Most commands take one line of program space. Two axis
standard moves (e.g. X0Y0) take two lines. Parabolic
(e.g. X1000:5) and ’‘Go Until’ (e.g. X1000 ~100) moves take
two lines per axis.

le GOSUB nn Jump to program line with label Lnn and save the

0 IF
i1F
0 IF
IF
0 IF
1F
0 IF

IF

..return .address. . When a .RET _instruction is
executed the instruction following the GOSUB
instruction is executed. IF or IF NOT can be
added to the end of this instruction to make its
execution conditional. The range of nn is 00 to
63.

NOT nn = b

nn = b Can be added to the end of any of the first six
instructions (code=e) to make them execute only if
the data at address Cnn is (not) equal to b. The
range of nn is 0 to 63 and for b is 0 to 255.

NOT nn > b

nn > b Can be added to the end of any of the first six
instructions (code=e) to make them execute only if
the data at address Cnn is (not) greater than b.
The range of nn is 0 to 63 and for b is 0 to 255.

NOT nn + b

nn + b Can be added to the end of any of the first six
instructions (code=e) to make them execute only if
the data at address Cnn (has/does not have) at
least one bit set that is also set in b. The
range of nn is 0 to 63 and for b is 0 to 255.

NOT nn * b

nn * b Can be added to the end of any of the first six
instructions (code=e) to make them execute only if
the data at address Cnn (has/does not have) all
bits set that are also set in b. The range of nn
is 0 to 63 and for b is 0 to 255,

0 IF NOT (CC1)
IF NOT (CCl AND CC2)
IF NOT (CCl OR CC2)

1F
IF
IF

(CC1l)

(CC1 AND CC2)

(CC1l OR CC2)
Can be added to the end of any of the first six
instructions (code=e) to make them conditional.

Conditions <CCn have the following possible
formats.
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STOP

END
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Mnn = b True if bit defined by Mnn is equal to
b. The range of nn is 0 to 63 and
for b is 0 or 1.

X > Pn True if the X position is greater
than the parameter Pn. The range
of n is 1 to 15.

X < Pn True if the X position 1is less than
the parameter Pn. The range of n
is 1 to 15.

X >= Pn True if the X position 1s greater
than or equal to the parameter Pn.
The range of n is 1 to 15.

X <= Pn True if the X position is less than
or equal to the parameter Pn. The
range of n is 1 to 15.

Y > Pn True if the Y position i1s greater
than the parameter Pn. The range
of n is 1 to 15.

Y < Pn True if the Y position is less than
the parameter Pn. The range of n
is 1 to 15.

Y >= Pn True if the Y position is greater
than or equal to the parameter Pn.
The range of n is 1 to 15.

Y <= Pn True if the Y position is less than
or equal to the parameter Pn. The
range of n is 1 to 15.

A label that is used by the GOTO and GOSUB

instructions. The address for this label 1is
stored in a fixed table and does not use any
buffer space. A label opens up the subroutine
buffer. All instructions following a label are
stored in the subroutine buffer until a RETURN
instruction i1s entered. The range of nn is 00 to
63.

Start continuous execution of program lines until
a STOP or END 1is executed. One "Step" Command
will execute all instructions between the START
instruction and the next STOP or END instruction.
START 1is not needed if the program is 3Jjust going
to be run and not stepped.

Stop continuous execution of the program.

Stop continuous execution of the program and move
to the beginning of the main program.

Return to the line following the last GOSUB that

was executed. If no GOSUB was executed then an
END statement is executed.
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1d FOR d Start a loop and repeat it d times. If d és zero
then never stop the loop. The range of d is 0 to
32767.

1 NEXT End of loop. 1If the loop has not been repeated d

times then the instruction following the FOR is
executed, otherwise the instruction following the
NEXT is executed.

1 FND This instruction must be executed before jumping
out of the middle of a FOR/NEXT loop to clean up
the loop count and starting address. After

-.- executing. this_ instruction _the present FOR/NEXT
loop is closed. If a NEXT instruction is executed
after the FND, then any previous loop that 1is
opened will be looped to. Hence care must be
taken to skip the NEXT at the end of the loop that
has been closed using the FND instruction. The
FND instruction cannot be used to close a loop if
it is within a subroutine that was called from
inside the loop.

1 CASE mm,nv This instruction reads the location pointed to by
Cmm. It then converts the data based on the
letter "v" and jumps to a relative location in the
table of n instructions following the CASE

instruction. If the value is zero, then the next
program line is executed, followed by the state-
ment n + 1 lines down from the CASE statement. If

the wvalue is one, the second line past the CASE
statement is executed, followed by the statement n
+ 1 lines down from the CASE statement, and so on.
If the value is greater than or equal to n, then
the next n instructions are skipped. The instruc-
tions in the table cannot be a CASE, RETURN, or
END instruction. Any other instruction can be
used, including instructions that require more
than one block of memory. The range of mm is 00
to 63. The range of n depends on the conversion
used and is as follows:

D - Two BCD digits. The range is 0 to 99.
H - High digit. The range is 0 to 15.

L - Low digit. The range is 0 to 15.

B - Binary value. The range is 0 to 255.
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, for example, allows the use of thumbwheel
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inputs at the parallel port which provide either
"true® or "false" outputs, are "normally open™ or
"normally closed", without changing the basic Case
Command written to read the thumbwheels.

DIVIDE d Divide the next move into d egqual parts. If the
length of the move 1is not divisible by d, 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 d equal parts.
However, the motion between the equal parts will
be linear and not circular. The range of d is 1
to €65535.

NOTE: If the Run "R" Command is used to execute the "Divide"

id

1d

1d

Command, the divide function i1s defeated since motion will
occur continuously and will not stop at the division
points. Therefore, use the Step "S" Command or input when
executing the "Divide" Command.

F d Set feedrate based on the value of i06. I1If d is
1024, then feedrate is 106 counts/second. For
motion in two dimensions the feedrate for each
axis is based on the vector angle of the move.
The minimum time for any move is the acceleration

time set by the t instruction or 108. The
feedrate 1s effective until & new F or T
instruction 1s executed. The range of d is 1 to
8388607.

T d Set move time to d/1024 seconds. The move time is
from the start of motion to the start of
deceleration. The minimum time for any move 1is

the acceleration time set by the t instruction.
The move time is effective until & new F or T

instruction is executed. The range of d is 1 to
8388607.

t d Set change-of-speed time to d/1024 seconds. The
time for acceleration and deceleration is the
same. This i1s also the minimum time for any move.
Circular moves are broken up into segments of time
t. This time 1is initialized to the value of i08

at turn-on. The range of d is 1 to €5535. On the
Standard SMCC, this changes the value of the i08
parameter, and so affects future jog moves as well

as programmed moves. On the Parabolic SMCC, it
supersedes 108 for programmed moves, but does not
change 108, and does not affect jog moves. The

total time of a parabolic move segment is ’‘t’.

BOME Go to home position. Both the X and Y axes are
sent to the home position. This position can be
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based on any combination of a home flag and an
index pulse. A fixed offset is added to this
position and sets the zero position for all
subsequent moves. This zero position can then be
changed by use of the X= or Y= instruction, or the
on-line Zero Set Command. However, moves based on
the home position can still be made using the AX
and AY instructions.

On the Parabolic SMCC, the X and Y axes may also
be individually commanded to go to home position
by using the "HOMEl" (X axis) or HOME2" (Y axis)
Commands. On the Standard SMCC, a buffered HOME
command must be for both axes (but the PLC can be
made to issue "hX"™ or "hY" Commands).

If the "HOME"™ Command is preceded by a "TORQUE"
Command, it is possible to do a homing cycle by
running the axis into a hard stop at controlled
speed (set by i04 and i06), and upon exceeding the
following error 1limit 110, to declare that
position as the home or zero position. An effort
move may be made as in the normal HOME cycle.

2d DWELL d Set dwell time to d/1024 seconds. This
instruction will stop the present motion and wait
the specified time after the motion has stopped.
This instruction should not be used after a
parabolic move ending with a velocity other than
zero as the motion will stop with no deceleration
time. The range of d is 0 to 8388607. Dwell time
is not affected by anything that controls the time

base ("%", "POT", 116 = 2 or 3, i14 = 1).

3bd X 4 Move X axis to absolute position d. The move is
based on the present zero set by the most recently
executed of: the X = instruction; the on-line Zero
Set Command "Z"; or a homing operation. The range
0f d depends on the scale in effect (i38). The
unscaled range is -67108864 to 67108863. This

instruction can be followed with a Y-axis move
instruction on the same line so that both axes
move at the same time. If a Y-axis move is added,
then two blocks of program buffer are required.

4cd Y d Move Y axis to absolute position d. The move is
based on the present zero set by the most recently
executed of: the Y = instruction; the on-line Zero
Set Command "Z"; or a homing operation. The range
of d depends on the scale in effect (i58). The
unscaled range is -67108864 to 67108863. This
instruction can be preceded by an X-axis move
instruction on the same line so that both axes

move at the same time. If an X-axis move is
added, then two blocks of program buffer are
required.
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3bd AX d Move X axis to absolute position d relative to the
last HOME or turn-on position. The range of d
depends on the scale in effect (i38). The
unscaled range 1s -67108864 to 67108863. This

instruction can be followed with a Y-axis move
instruction on the same line so that both axes
move at the same time. If a Y-axis move is added,
then two blocks of program buffer are regquired.

4cd AY 4 Move Y axis to absolute position d relative to the
last HOME or turn-on position. The ranage of d
depends on the scale in effect (i38). The
unscaled range 1is -67108B64 to ©6710B863. This

instruction can be preceded by an X-axis move
instruction on the same line so that both axes

move at the same time. If an X-axis move 1is
added, then two blocks of program buffer are
required.

3bd U d Move X axis d distance from its present position.

The range of d depends on the scale in effect
(1i38). The unscaled range 1is =-67108B864 to
67108863. This instruction can be followed with a
Y axis move instruction on the same line to move

both axes at the same time. If a Y-axis move 1is
added then two blocks o0of program buffer are
required.

4cd VvV d Move Y axis d distance from its present position.
The range of d depends on the scale in effect
{(158). The unscaled range 1s -67108864 to

67108863. This instruction can be preceded by an
X-axis move instruction on the same line to move

both axes at the same time. If an X-axis move is
added, then two blocks of program buffer are
required.

id : d ({Parabolic SMCC Only) This instruction can be

added to the end of any motion instruction
(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 (106 * d/1024
cts/sec). If d is 1024, then the velocity is 306

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.

3pd WX d Wait the same time that would be reguired to move
the X axis d distance from its present position.
The range of d depends on the scale in effect

(i38). The unscaled range 1s -67108864 to
67108863. This instruction can be followed with a
Y-axis move instruction on the same line. If a Y-

axis move 1is added, then two blocks of program
buffer are required.

—
[
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Wait the same time that would be required to move the
Y axis d distance from its present position. The
range of d depends on the scale in effect (i58). The
unscaled range is -67108864 to 67108863. This in-
struction can be preceded by an X-axis move instruc-
tion on the same line. If an X axis move is added,
then two blocks of program buffer are required.

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 dura-
tion 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.

1 WOT(Parabolic SMCC V2.78 and newer only) Wait Until

Trigger. See Software Updates section, page 414, for
details.

(Parabolic SMCC Only) 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 inter rupt. 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.

1d tt d(Parabolic SMCC V2.78 and newer only) Triggered move

2d DLY d

calculation time. See Software Updates section, page
414, for details.

(Parabolic SMCC V2.79 and newer only) The letter "g"
on the front of a command, when given in MDI mode,
will break into the current move, and execute this
command (which could be another move) in its place.
See Software Updates section, page 420, for details.

(Parabolic SMCC Only) Execute a delay time (no pro-
grammed move) of d/1024 seconds. This command is
essentially equivalent to using the commands "T d"
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 d - 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.
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The DLY Command is affected by time base changes ("%"
and "POT" Commands, il4 = 1 input voltage, and 116 =
2 or 3 input frequency) just as a move would be.

The DLY Command 1s similar to the DWELL Command,
except that the DWELL time starts after the deceler-
ation (t) time, and DWELL is not affected
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by time base changes. (The Standard SMCC also
adds a t time between consecutive dwells.)

The wait (WX/WY) can also provide similar
functionality to the DLY Commend, except that the
Wait Command does not specify a time directly.
Rather, it specifies a distance, the F or T value

in force, i06, and the % value. Its meaning is to
wait for a time equivalent to a move of that
distance under current conditions. The Wait

Command can act on just a single axis of the card,
causing the other axis to move as if it were
coordinated with the one waiting.

1bd X = d Set the present X position to d. All X moves
fellowing this instruction are based on this new
set position. (AX moves are unaffected). The

range of d depends on the scale in effect (i38).
The unscaled range is -67108864 to 67108863.

lcd ¥ = d Set the present Y position to d. All Y moves
following this instruction are based on this new
set position. (AY moves are unaffected.) The

range of d depends on the scale in effect (i58).
The unscaled range is -67108864 to 67108863.

l1bd RX = d Set the present X radius to d. The range of d
depends on the scale in effect (i38). The
unscaled range is 0 to 67108863.

lcd RY = d Set the present Y radius to d. The range of d
depends on the scale in effect (i58). The
unscaled range is 0 to 67108863.

1d R = d Set the present X and Y radii both to d encoder
counts. No scale is used and therefore d must be
in encoder counts. The range of d is 0 to
8388607.

1d € =4d (Standard SMCC only) Set offset for ellipse. The

range of d is -8388608 to 8388607. This controls
the angle of the ellipse by defining the Y-offset
(from the center) of the maximum X-extreme of the

ellipse. This offset 1is equal to (d * X
radius/8388608). See Example 12.
1 LINEAR All instructions following this execute linear

motion until a CIRCLE instruction is executed.

1 CIRCLE n All instructions following this execute circular
or 3-point smoothed motion until a LINEAR
instruction is executed (CIRCLE 0 to CIRCLE 3) or
until an F or a 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
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PROGRAM:
CIR (0,1,2,3)
R = (VALUE)

X (VALUE) Y (VALUE)

NOTE: 1) DESTINATION-DISTANCE MUST BE SMALLER THAN 2xR

CW, GREATER THAN 180° (2)

~----GW, SMALLER-THAN186°+0)

-

CCW, SMALLER THAN 180° (1) )
:
]

i

CCW, GREATER THAN 180 °  (3)

AN Mabono

/ PLACES SMCC IN CIRCULAR AS OPPOSED TO LINEAR MODE.

/ VALUE OF RADIUS

/ DEFINE END POINT OF CIRCLE OR DESTINATION, X,Y, ).

OR "ERROR 4" WILL BE GENERATED AND THE MOVE WILL

EXECUTE LINEARLY

2) IF AFULL 360 CIRCLE IS TO BE MADE, USE TWO 180 TIRCLES.

CIRCULAR INTERPOLATION

(CIRCULAR INTERPOLATION)
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lad POT d

lad SLEW d

lad Inn d
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Parabolic only. Both an X and Y radius must be
defined before executing any move instructions.

They can be defined before or after the CIRCLE
instruction. The range of n is 0 to 4. The
meaning of n is as follows:

CW circle less than or equal to 180°.

CCW circle less than or equal to 180°.

CW circle greater than or equal to 180°.
CCW circle greater than or equal to 180°.
3-point smoother (S-Curve) mode (Parabolic
SMCC only).

ol lie Bie Bl
[ | | B
W= O

---{Parabolic-SMCC..Only). This..puts _SMCC in torque-

limited mode (see page 402 for details). If it is
followed by a "HOME" Command, then the home cycle
changes to a torgue-limited home. The home move
continues until the following error on each axis
exceeds 110. 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 a ~d), then the
offset move is made after the following error on
either axis is greater than il0.

If the Torgue Command is followed by any other
move, then the command position for that move will
not be relaxed if the following error ever is
greater than 1i10.

Sets percent feedrate to d. This instruction has
the same effect as the on-line % Command. Refer
to the % Command definition for details and
explanation. The range of d is 0 to 65535.

Sets percent feed pot slew rate to d. When the
percent feedrate 1is changed, this value is added
to the current feedrate each servo cycle until it
reaches the new value. The range of d is 0 to
65535.

Sets inn to the value d. The range of nn is 00 to
60 (Standard SMCC) and 00 to 63 (Parabolic SMCC) ;
for d it is -8388608 to 8388608. Note that the
highest numbered parameters (64 through 80) on the
Parabolic SMCC cannot be set using this command.

Writes the byte n to memory location a. Both a
and n are hex numbers and regquire lower case
letters a-f. The range of a is 0000 to ffff and
for n is 00 to ff. This command is executed only
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[

mm a,n

SET Pn

SET Pn
SET Pn
SET Pn
SET Pn

RESET P

SET Cnn

SET Mnn

oo
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with an instruction that sends data to the servo.

This is the same as the "m" instruction except
that it does not require an instruction that sends
data to the servo to execute.

Logical AND the byte n to memory location a. Both
a and n are hex numbers and require lower-—-case
letters a-f. The range of a is 0000 to ffff and
for n is 00 to ff.

Logical OR the byte n to memory location a. Both
a and n are hex numbers and reguire lower-case
letters a-f. The range of a is 0000 to ffff and
for n is 00 to ff.

Logical XOR the byte n to memory location a. Both
a and n are hex numbers and require lower-case
letters a-f. The range of a is 0000 to ffff and
for n is 00 to ff.

d Set the variable Pn to the value d. The range of
n is 1 to 15 and for d is -8388608 to 8388607 (0 -
2 ~ 23 to +2 ~ 23 - 1). While the range of values
a P parameter can hold is larger than this (-2 °
31 to +2 ~ 31 - 1), the wvalues that can be
assigned directly as a number using this statement
are limited to the smaller range. P parameters
are not set synchronously with the beginning or
end of any move. They are set as calculations are
done for the next move Dblock. These start right
at the beginning of the current move in the
Standard SMCC, or (il2) msec. before the end of
the current move in the Parabolic SMCC.

BHY

AY
These instructions set the variable Pn to home
captured position (BX or HY) or to the ending
position of the present move (AX or AY) based on
the last home zero position. The units are
encoder counts.

Sets all 15 parameters Lo zero.

a This instruction defines Cnn to be the address a.

The range of nn is 00 to 63 and for a 1s 0 to
fEfff.

Cmm.b This instruction defines Mnn to be the bit
position b at the address defined by Cmm. The

range of nn is 00 to 63 and for mm is 00 to 31 and
for b is 0 to 7.
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NOTE : SMCC makes default assignments all the M functicns
to "C" addresses. The assignments are different
for the Standard and Parabolic SMCC and are shown
on the succeeding lists. To turn on a M function
(set it to a logical one state) use SETnn. To
turn it off wuse RESnn.

e G o - G T G S G e e GM G e e e G G G G o s S
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The PLC (Programmable Logic Controller) instructions of the SMCC
are for the purpcse of allowing the execution of instruction in
the background loop of the SMCC’s normal instruction execution
sequence. The SMCC normally has a 500 microsecond servo loop
(per axis) of which approximately 300 are spent closing the
servo loop and the remaining 200 are used for general purpose
background tasks such as communications, display update, velocity
calculations, and PLC tasks.

The advantage of the PLC program is that it has an IF-THEN-ELSE
form and can perform logical and arithmetic operations on 1/0 and
various registers and then alter or modify a normal program’s
execution on an asynchronous and continuous basis, without
affecting the normal program execution functions of the sMccC.
Unlike motion programs which are always executed sequentially and
step by step, the PLC programs are active at all times (unless
disabled by command) even if a motion program is not being
executed, and are executed as rapidly as leftover servo
background time allows.

The execution rate of the PLC instruc-ions is variable and
depends on the number of PLC instructions, limited by memory size
only, which are being used and also on the available background
time and communication work load. For example the following PLC
program, if it is the only one:

IF M01 = 0
THEN M01 = 1
ELSE M01 = O
END

causes the MOl output to toggle at its maximum rate which turns
out to be at 3 to 4 msec. toggle rate.

In general it is safe to assume that PLC programs will take from
3 to 5 milliseconds to execute., However, if time is critical
the only positive way to determine the resulting execution rate
for @ particular PLC function is to measure it. PLC programs may
be written at any place in the program flow so long as they start
with IF (which automatically places the SMCC in the PLC
programming mode) and are terminated by END (which puts the SMCC
back in normal mode). Generally, it is best to pPlace the PLC
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programs at the end of the standard motion program so as to be
able to keep track of them easily. All PLC programs are placec
in a separate area of the program buffer and are not part of the
normal motion program flow. They are in fact active at all times
even if there is no motion program resident in the buffer and can
all be turned on and off by 160 (Standard SMCC) or i62 (Parabolic
SMCC). The entire PLC program is automatically disabled during
the loading of a PLC branch or branches, regardless of the state
of i60/i62. This occurs from the time SMCC receives an 'IF’
Command until it receives an 'END’ Command. No specific controls
except for listing and deletion are provided for individual PLC
statements Or branches. However, this can easily be accomplishec
by using.-M.function or _other bits to.conrrol each PLC branch
individually.

The number of PLC branches that may be written is 255.

Note: It is not a cood idea to save PLC programs in vermanent
memory _until thev have been thoroughlyv debuvoaed, particu-
larly if thev involve sending messages or issuing com-
mands, It is easy for an improverly written PILC program
to tie up operation of the card, but as long as it hes not
been saved to permanent memory, it can be eliminated by
resettinog the card or cvcling power

- —— - — O O O G G G G e e O - o . Ghe e e - T o T o

- o - O m— - — - T (- ———— - W — -

Causes the SMCC to send a listing of all PLC instructions

stored in buffer if n is omitted. If n is 1 to 255, only
the specified PLC proagram will be listed. This instruction
may be used only when the SMCC is outside the PLC program
mode .

IF/ANDIF/TEENIF/ELSEIF/AND/OR

IF: The IF statement places SMCC automatically in PLC
programming mode and defines the condition for PLC action.
The IF statement may be made at any place in the program
but it is best to write all PLC programs immediately
following the motion program.

The conditions are of the form:

Mnn = 0/1 where nn 1is 0 to 63.

2. Cnn = d where d is 0 to 255, where nn is 0 to ©3.

3. AX/RY > < DATA (X or Y absolute position)

4, Cnn,m > < DATA where Cnn (nn = 00 to 63) defines a
address, and m (1 to 4) is the number of bytes following
the a&address, so data is 8 to 32 bits. Note that if m 1is
omitted, it 1s interpreted as Cnn,1, a one-byte address.

5. VX/VY > < DATA (X or Y velocity)

6. FEX/FEY > < DATA (X or Y following error)
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:
Pn > < DATA ‘I"

Tn = 0 True if Timer n has counted down all the way (n
is 0 to 3). See detailed description of timers below.
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DATA, is a decimal number in all cases, +/-1(2 BXP 31) -1)

' and may be substituted by Pn variable parameters. See
nvariable Parameters" section below for the allowable
formats.

When the specified condition is true, the PLC program

proceeds to execute the "THEN" statements. If the condition
is false, the PLC program executes the "ELSE" statements, if
any.

NOTE: The above PLC IF conditions should NQT be applied to
IF conditions used in the program buffer for the
GOTO, GOSUB, etc., Commands.

Some examples are:

IF M01 = 1

AND AX > 10000
AND FEX<1000

THEN 1IF P2>1

AND Cl14<126

AND C52,4>68555421
AND VX>2000

AND FEY<(P2*P3/P4)

THEN P5 = 65
AND I01 = 1500
. ELSE 101 = 5000 ;Alternate action for
THEN IF
ELSE M17 = 1 ;Alternate action for IF
END ;End of PLC program.
The ">" and "<" are interpreted as ‘"greater than" and
"smaller than". "=" or "equal to" may not be used. To check

for equality use, for example:

IF P6>4

AND P6<6

Above statement can be interpreted as:

IF P6 = 5 ;Illegal command, not allowed

;in PLC.

ANDIF: The ANDIF statement may be used only when inside & THEN or
ELSE statement and will create additional conditions for
action. All conditions with IF may be used with ANDIF.

THENIF:The THENIF Command allows nested conditions to be

specified in PLC programs by use of conditional sub-
' branches. The THENIF specifies a new set of conditions
after the previous IF (or ANDIF, THENIF, ELSEIF) conditions
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are satisfied. The maximum number of successive levels that
may be used is 254. The commands that can be used with the
THENIF Command are the same as for the IF Command.

*See attached figure of PLC branch and sub-branch execution
sequence.

ELSEIF: The ELSEIF statement begins a PLC sub-branch and may

OR:

only be used when inside a THEN statement in order
to add nested additional conditions before action is taken.
The ELSEIF specifies a new set of conditions after the
previous IF (or ANDIF, THENIF, ELSEIF) conditions are
satisfied. The commands that can be used with ELSEIF are
the same as for the IF statement.

Every IF or ANDIF requires a THEN or THENIF statement and an
ELSE or ELSEIF to terminate or close the PLC branch or sub-
Branch. If none of the ELSE statements require an action,
the ELSEs may be omitted and SMCC will add them
automatically. However, if one of the ELSE’s among several
requires an action, then all previous ELSE’s must be entered
in order to properly execute the PLC program.

Also note that every IF, ANDIF, THENIF, or ELSEIF statement
requires a THEN and ELSE statement for completion.

AND statements may be used with IF, ANDIF, THENIF, ELSEIF,
and OR statements to create multiple logical conditions. In
the PLC program lines:

IF M01 = 1
AND M0O2 = 1
THEN. ..

The THEN statement will be executed only if both of the
conditions are true.

AND statements coupled with IF statements can take any of
the conditions that an IF statement can.

If an AND statement is used in conjunction with a THEN or an
ELSE statement, it carries an action with it,not a
condition. See the THEN/AND section for more details.

OR statements may be used with IF and AND statements to
create greater varieties of multiple logical conditions. As
the name implies, these perform a logical OR of conditions.
For instance, with the PLC program lines:

IF MOl = ]
OR M02 = 1
THEN. ..

the THEN statement will execute if either of the two
conditions is true,
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ANDing is always done before ORing, which means that ORs
work on blocks of ANDed conditions. For example, the
following PLC program lines:

IF M01 = 1
AND MO2 =1
OR M03 = 1
AND MO4 = 1
THEN. ..

are interpreted as: IF [ (M01=1 AND MO02=1) OR (MO03=1 AND
M04=1)]). The THEN statement will be executed if the first
two conditions are both true of if the last two conditions
are both true.

OR statements can take any of the conditions that an IF
statement can.

THEN/AND

THEN: Defines the action to be taken by SMCC when "IF" condition
is satisfied.

The "THEN" Commands take the form of actions to be taken as
follows:

1. Man = 0/1 Set M function to a 1 or 0.

2. Cnn,m = DATA Set Memory location Cnn where m specifies
1 to 4 bytes, to a value. Note that if m is omitted,
it is interpreted as Cnn, 1, a one-byte address.

3. Con,m = Cnn +/- DATA Add DATA to value of memory
location. Do not use Cnn,m on right side of egquation
just use Cnn.

4., Inn = DATA Set servo parameter to a value.
5. Pn = Cnn,m Set a variable parameter to value in
memory or I/0 port.
€. Pn = DATA Set a variable parameter to DATA value.
7. Pm = Pm +/- DATA Add a DATA value to variable parameter.

Note that same P variable must be used on both sides.

8. SEND "Message" Specifies that PLC should send a message
to the host computer via the RS232 or parallel port,
whichever is being used by the SMCC. Any ASCII character
except the "Space" character may be included in the mes-

sage, which must be enclosed by (") quotation characters
and cannot exceed 40 characters in length. A typical
message would be: ANDSEND "HELLO 1 2". NQTE : Make

sure that one of the conditions that causes the message
1o be sent is immediately made false so that the PLC will
not attempt to send the message again on the next cycle
(which will garble the message and completely tie up the
communications.)

"Command" The (") quotation marks without the SEND pre-
ceding them tells the PLC to send a command to the SMCC
itself. Any command that SMCC can receive from the host
computer may be sent via the PLC to the SMCC internally.

o
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Typical commands would be: "g" (quit) or "i005000"
(change following error limit). NQOTE: Make sure that ’
one of the conditions that causes the command to be
issved is immediately set false so the PLC will not trv
to issue the command again on the next cycle,

10. Tn = DATA Assign the value in DATA to Timer n, where n

has a range of 0 to 3 and DATA has a range of 0 - 65535,

See detailed description of timers below.
11. Pn = ATAN (VALUE)
Assign the arctangent of value to parameter Pn (n = 0
-.to0 .15). _(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) See
detailed description of the arctangent function below.
12. Pn = VALUE
Assign VALUE to parameter Pn (n = 15). VALUE can take
any of the following forms:
AX, AY: Present absolute position referenced to
the most recent power-on, reset, or home position.
HX, HY: Most recently captured position referenced
to previous power-on, reset, or home position.
FEX, FEY: Present following error.
VX, VY: Present veloctiy.

AND: 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 carries a
condition with it, not an action. See the IF section for
possible conditions.

Some typical PLC statements using THEN and AND with various
actions are:

IF MO0l = 0 ;1f MOl and M02 are true, then
AND M02 = 0 M
THEN 102 = 1 ;Sets 102 parameter to a 1

AND SEND "SMCC__IS_NOW__IN MDI MODE"
;this message is sent to the host and
;printed on the screen.

AND "iQ0150" ;Note that i parameters may also be
;changed by sending an on-line
;command, as well as using "I",
;as seen above.

AND C15,4 = C15 + 15000

Like the "DATA"™ values in the IF sStatements, the Y“DATA®
values in the THEN statement may all be replaced by a
variable parameter function. For example, instead of:
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THEN/AND C23,2 = 12543
The following statement can be made:

THEN/AND (C23,2 = (P3-P2/P4)
ELSE/AND
ELSE defines alternate action of PLC if the "IF"™ conci

is not satisfied. The actions that can be taken
identical to the "THEN" Command. AND statements can be

vion

are

usec

in conjunction with ELSE to define multiple actions to be

taken.

END

Must be wused at the end of the PLC program and causes
the SMCC to exit the PLC programming mode. However,
if several IF statements are made, 1t 1s not necessary
to write the END statement after each PLC branch. The SMCC

will provide an automatic END for the previous branch
a new IF statement is encountered.

PURGE n

The PURGE Command, without a number, clears all

when

PLC

programs. SMCC must be outside PLC programming mode to

accept the PURGE Command. When PUR n is used (n 1is
255), only the specified PLC branch is deleted. The
statements or branches all start with an IF statement

0 to
PLC
and

the numbering 1is in simple descending order of entry
starting with one to be kept track of by the programmer.
Please note that whenever a program containing PLC state-
ments is loaded to SMCC, it is necessary to use the PUR
Command to purge all existing statements in the buffer,
otherwise the new PLC statements will simply be added to the

existing statements. If you want to add PLC branches,
simply type or send IF... and go on. The new PLC branches
will be added to the existing PLC statements. Deleting a

certain specific PLC branch simply causes the succeeding

ones to be renumbered accordingly.

Variable parameter functions can have the following form

(+/-PI)
(PI +/~ PJ)

(+/- PI*PJ)

(+/- PI/PJ)

(PTI + PJ * PK)
(PI +/- PJ/PK)
(PI + PJ * PK/PN)
(PI * PJ/PK)
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Where I, J, and K can be 1 through 15. Note that all “pw 2
parameters, when they are used as "functions®, must be
enclosed in parentheses.

oo v e e e G G

The SMCC’s PLC has four timer ports TO, Tl1, T2 and T3. TO and T1
are slow countdown timers, T2 and T3 are fast countdown timers.
The clock for TO and T1 is approximately 23 Hz. or a period of
43.69 milliseconds per count and the clock for 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 (+/-P1l), etc.

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

IFTI =0

Note that the condition that caused the timer to be set in the
first place can cause the timer to be set back to that wvalue
again every time through the PLC (every few milliseconds). This
would prevent the timer from ever counting down. To prevent
this, the same PLC branch that sets the timer should also undo
the condition that caused it to be set (see example below).

Maximum time for T0 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 MOl to M0O4 is shown below:

IF P1>0 ;SET P1 = 1 TO START CYCLE.

THEN T0=1000 ;SET ALL TIMERS TO VALUE OF 1000 CYCLES.
AND T1=1000

AND T2=1000

AND T3=1000

AND P1=0 /ONCE SET, PREVENT SETTING AGAIN.
IF T0=0

THEN M01=1 ;TURN ON M0l WHEN TO HAS TIMED OUT.
IF T1=0

THEN M02=1

IF T2=0

THEN MO03=1

IF T3=0

THEN M04=1

ELSE

END
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The timer accuracy is dependent upon the PLC cycle time and can
be considered to be -0, +3 milliseconds maximum.

If it becomes necessary toO examine the progress of the timers
pefore time-out has occurred, the following 2 Dbyte memory
locations may be read:

STANDARD SMCC PARABQLIC SMCC
TO0O ... ff10 ... .t ecrccaceaacncnan ffla
Tl ... Tfl2 it i e e eoceoceccnaanos ffle
T2 o oo BB L. e e e e ff88
T3 . oe.e FTEBa vttt tetae e " ffBa

The values in the listed addresses will indicate the progress of
the countdown cycle.

Other PLC examples using timers to control M function and other

outputs are shown at the end of this section and have more
complex logic associated with them.

[ pp— e kR R

PLC is also &able to calculate the arc tangent of a given value

and produce the corresponding angle. The PLC accomplishes this
by using & variable parameter to store the result of the
calculations. The command format is as follows:

Pn = ATAN (VALUE)

Where (VALUE) takes several forms:

(VALUE) = (VX/VY) or (VY/VX) ;Commanded Velocity of X&Y
= (HX/HY) or (HY/HX) ;Captured Home Position of X&Y
(AX/AY) or (AY/AX) ;Absolute Position of X&Y

o

(FEX/FEY)or (FEY/FEX) ;Following Error of X&Y

The Pn parameter ends up with the 32-bit angular value of the arc
tangent of (VALUE). The scaling factor i1is: 2 EXP. 30 = 90
degrees.

Therefore the angle value is: (Pn / 1,073,741,824) x 90 degrees.

A possible use of ATAN is to calculate the velocity vector of the
X and Y axes 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 axes.

For general information, please refer to Programming Examples 15,
16, and 17.
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NOTE: PLC programs cannot be edited after entry to SMCC
except for selective purging. It is recommended that
the SMCC V3.X IBM PC program be used to do all editing
and changes to PLC programs, if needed.

Examples:

A few other PLC examples are given so as to provide the user with
a better understanding of its usage and needed formats.

If the PLC is used to make intensive calculations with the P
variable parameters, caution must be exercised in not overloading
the background time since this may effect the SMCC’s servo

control operations capability. It is recommended that multiple
divisions (e.g. P5/P4) be avoided since they are especially time
consuming. The effects of PLC overload are exhibited by the

SMCC’s inability to execute more than 50 blocks (moves) per
second and a tendency to "lock-up" and quit executing motions.

The heavier the PLC load, the slower the SMCC becomes. In
Parabolic version it 1is possible to increase the 112 wvalue
(Calculation Time) which then prevents the SMCC from locking up
when calculating its first move. While SMCC is executing

continuous blocks, it is the "t" or accel/decel time which
controls the amount of minimum available time for more
calculations. Normal PLC functions without extensive
calculations have no appreciable effect on SMCC’s operation.

The following example is nonsensical in terms of useful action.

It does, however, present some good examples of Do’s and Don’ts ’
for PLC programs.

AOPURGE ;Clear PLC program

IF AX > 123 ;1f absolute position of X, relative
;to home zero is greater than 123,

THEN M06 = 1 ;Then turn on M06

ELSE M07 = 0 ;1f AX is smaller than 123,
;Then turn off M0O7

IF AY > 123 ;I1f absolute position Y is greater

THEN C06, 2 = 123 ;than 123, set 2 Bytes of memory
;defined by C06, equal to 123.

ELSE C07, 4 = =123 ;If AY is smaller than 123, then

;set 4 Bytes of memory
;defined by CO07 to be equal to -123.

IF VX > 123 ;1f velocity of X is greater than 123
THEN C06, 4 = C06-123 ;Then reduce C06 value by 123
ELSE P07 = C06, 1 ;If VX is smaller than 123, set P07 to
;value stored at C06’s first byte only
IF FEX < 123 ;I1f following error of X is smaller
THEN P06 = 123 ;than 123, then set P06 to a value
;of 123
ELSE P07 = PO7 + 123 ;If FEX is greater than 123, then
yincrease value of P07 by 123.
IF P05 < 123 ;1f Parameter P05 is smaller than 123,
THEN P06 = P07 + 123 ; (see note 1)
ELSE M07 = 1 ;1f Parameter P05 is greater than

7123, then turn on M07.

132



PROGRAMMING MANUAL

AND M08 = O ;Also turn on MOS8

OR M0S = 1 ; (see note 2)

AND M10 = O ;Also, turn on M10

AND P02 = ATAN (VY/VX) ;Also, calculate Angular value of

:the commanded velocity of (VY/VX),
;and store in P02

1 - This program line will be rejected by SMCC because
P06 P07 + 123 is invalid. The correct entry 1s
P06 P06 + 123, the parameter number used must be
the same on both sides of the equation.

o

2 - The "OR" statement does not make sense when used
as an action (ELSE) it will be omitted by SMCC.
"OR" can be used with IF statements only.

3 - All other statements are valid.

A more useful example is to write a small PLC program that will
send a message to the host each time the SMCC gets into position.

col = ff01
MO0 = C01.7
IF MOO = 0
THEN IF MO1 =1
THEN MO1 =0

AND SEND "IN POS"

ELSE

ELSE MO1 =1

END

please note that M0l is used here as & "Debounce" or "Single
Shot" in order to cause the message to only be sent once.
Otherwise when MO0 is activated, the program would send the
message continuously and jam up the SMCC communication.

The following simple programming example shows the usefulness of
a PLC program and suggests a way in which to organize the writing
of PLC program.

This example program 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.
A1l +that 1s required physically is that the switch be wired to
bpoth the "Home Flag" and the "Travel Limit" inputs of SMCC.

The concept upon which this program is based makes use of two
servo status bits in order to determine whether to use the single
switch as a homing flag or a Travel Limit switch. This will Dbe
explained in the program comments.
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A0z ;Address Card & Clear Program Buffer

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

SET Cc08=ffca ;Define CO8 to be address ffca. (Interrupt flag 0 ¥
;register).

SET M50=C07.6 ;Defines M50 to be bit 6 of feba (Limit status
;bit, a high disables the limit.)

SET M51=C08.6 ;Defines M51 to be bit 6 of ffca (Interrupt
;status bit, low if enabled).

HOM ;Start a home cycle. Choose and set appropriate

;/parameters for homing, i04 for speed, i24, 25,
;and 26 X axis, 144, 45 and 46 Y axis. Homing
;should be in a direction that will drive it
.stoward the limit_switch that is wired to both
;the SMCC’s "Home Flag" and Travel Limit"

;inputs.

STO 7STOP 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
;a one second Dwell at each end.

DWE1024 ;Wait one second.

X0 ;Return to zero.

DWE1024 ;Wait one second.

NEX ;End of Loop.

END ;End of motion program. Note that a program “end"
;is used for the program itself, and as will be .
;seen further down, another "END" is used for the

;PLC program.

AOPUR ;Address Card and Purge all the PLC programs
;stored in the PLC buffer. 1If the existing
;PLC program is not purged, the new PLC
;program will be appended to what is already
;in the PLC Buffer.

1600 ;160 0 (162 0 for Parabolic) turns off the
;PLC so that while loading the PLC program
;it does not inadvertently create undesirable
;effects. Remember, that PLC is always active
;unless turned off, and that i60 or i62 simply
;get executed on-line and are not stored in the
;buffer. The SMCC does turn off the PLC while
/@ program is being loaded, but it never hurts
;to play it safe.

IFM51= 0 ;The IF statement starts the first PLC Branch
;O0r statement which looks for condition M51=0
;meaning: Look to see if there is an interrupt
;operation in progress, (The Home Command sets
;ffca bit 6 low.) If there is, then set feba
;bit 6 high (M50=1) thus disabling the limit
;switches. (The bit automatically resets at
;the end of each command cycle thus re-enabling
;the limits.)

THENMS50=1
ELSE ;If a home cycle is not in progress then do
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;nothing. If the ELSE is not typed in, SMCC
;will automatically insert it.

;The END statement closes PLC programming. If
;there are other PLC statements simply continue
;with an "IF" which opens a new PLC statement or

;branch until all PLC statements are completed.

shows the program alterations needed for

Parabolic and Y axis.

Limit Status

Interrupt Status

PLC enable/disable

Finally,

AQOPURGE
IF M1=0

THEN IF M30=

THEN M30=1
AND P1l=P1l+1
AND "P1"

ELSE
IF Mll=l
THEN M30=0

AND IF P1>389

AND P1<1001
THEN P1=0
AND SEND
ELSE
END

manual : smcc

*"1000-counts™

~STANDARD . PARABQLIC
X axis Y axis X axis Y axis
feba.6 feba.6 feb6.4 feb6.4
ffca.6 ffcB.6 ffca.6 ffcB8.6
i60 1/0 i62 1/0

a counter program is constructed as follows:

;Counter, using M Function
;input. (counter)

;The Counter is triggered
;on the trailing edge of the
;MI1 input

;Clear PLC program

;Check if MI1 is toggled
;M30 is used as flag to
;cause the Pl counter to
;only count once when MI1
;toggles.

;Check if M30 Flag is
;True, reset M30 Flag
;Add 1 to Pl counter
;Display value of Pl on
;the screen

0 set

;Check if MI1 sw. is released
;True, set M30 Flag

;Check 1f Pl counter has reached
;1000 counts

;True, reset counter

;Send a message to the screen

;End of PLC program

;Note that the counter may be
;preset by setting Pl to a
;starting value.

[
W
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0 :

DIAGRAMS
STANDARD
M—DEFINITIONS SMCC TERMINAL V3.3
M00=C00.0,1 M16=C05.1,0 M32=C00.0,1 M48=C00.0,1
MO1=C01.5,0 M17=C05.2,0 M33=C00.0,1 M49=C00.0,1] F1 - I-Parameters
M02=C02.6,0 M18=C00.0,1 M34=C00.0,1 M50=C00.0,1 F2 - P-Variables
M03=C02.7,0 M19=C00.0,1 M35=C00.0,1 M51=C00.0,1 F3 = C-Definitions
MO4=C03.6,0 M20=C00.0,1 M36=C00.0,]1 M52=C00.0,1] F4 =— M-Definitions
MO5=C03.7,0 M21=C00.0,1 M37=C00.0,1 M53=C00.0,1 F5 - List Program
M06=C00.0,1 M22=C00.0,1 M38=C00.0,1 M54=C00.0,] F6 - Arrow Jog
MO7=C00.0,1 M23=C00.0,1 M39=C00.0,1 M55=C00.0,] F7 - Card Status
MO8=C00.0,1 M24=C00.0,1 M40=C00.0,1 M56=C00.0,] F8 - Display Pos
M09=C00.0,1 M25=C00.0,1 M41=C00.0,1 M57=C00.0,1 F9 - Subroutines
M10=C00.0,1 M26=C00.0,1 M42=C00.0,1 M58=C00.0,1 F10 - File Editor
M11=C04.0,1 M27=C00.0,1 M43=C00.0,1 M59=C00.0,] NEXT MENU: ALT-Q
M12=C04.1,1 M28=C00.0,1 M44=C00.0,1 M60=C00.0,]
M13=C04.2.1 M29=C00.0,1 M&5=C00. 0,1 M61=C00.0,1 CARD: AO
M14=C04.3,1 M30=C00.0,1 M46=C00.0,1 M62=C00.0,]
M15=C05.0,0 M31=C00.0,1 M47=C00.0,1 M63=C00.0,]
CEsc> to EXIT
‘ C-DEFINITIONS SMCC TERMINAL V3.3
C00=0000,85 C16=0000,85 C32=0000,85 C48=0000,85
| COl=ff01,14 C17=0000,85 C33=0000,85 C49=0000,85 F1 - I-Parameters
| CCz=ffb.,03 C18=0000,85 C34=0000,85 C50=0000, 85 F2 - P-Variables
| CO3=f£b5,03 C19=0000,85 C35=0000,85 C51=0000,85 F3 - C-Definitions
| CO4=ffb7,af C20=0000,85 C36=0000,85 C52=0000,865 F4 - M-Definitions
| COS=ffbc,e0 C21=0000,85 C37=0000,85 C53=0000,85 FS - List Program
| C06=0000.85 C€22=0000.85 C38=0000,85 C54=0000,85 F6 - Arrow Jog
i C07=0000,85 C23=0000,85 C39=0000,85 C55=0000,85 F7 =~ Card Status
| C08=0000,85 C24=0000,85 C40=0000,85 C56=0000,85 F8 - Display Pos
| C09=0000,85 (25=0000,85 C41=0000,85 C57=0000,85 F9 - Subroutines
€10=0000,85 C26=0000,85 C42=0000,85 C58=0000,85 F10 - File Editor
C11=0000,85 C27=0000,85 C43=0000,85 C59=0000,85 NEXT MENU: ALT-Q
C12=0000,85 C€28=0000,85 C44=0000,85 C60=0000,85
| C13=0000,85 C29=0000,85 C45=0000,85 C61=0000, 85 CARD: AO
I C14=5000,85 (C30=0000,85 C46=0000,85 C62=0000,85
| C15=0000,85 C31=0000,85 C47=0000,85 C63=0000, 85

{Esc> to EXIT
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PARABOLIC DIAGRAMS

M-DEFINITIONS | succ TERMINAL V3.3
MOO=C00.0,0 M16=C05.1,0 M32=C00.6,0 M48=C13.4,0 | 3
MO1=C01.5,0 M17=C05.2,0 M33=C00.7,0 M49=C13.5,0 Fl - I-Parameters |
M02=C02.6,0 M18=C00.0,0 M34=C11.6,0 M50=C13.6,0 F2 - P-Variables ;
MQ3=C02.7,0 M19=C00.0,0 M35=C11.7,0 M51=C13.7,0 F3 - C-Definitions |
MO4L=C03.6,0 M20=C10.0,0 M36=C12.0,0 MS52=C14.0,] F4 - M-Definitions ﬁ
MO5=C03.7,1 M21=C10.1,1 M37=C12.1,0 M53=Cl4.1,0 F5 =~ List Program f
MO6=C00.0,0 M22=C10.2,1 M38=C12.2,1 M54=Cl4.2,1 F6 - Arrow Jog i
MO7=C0D0.0,0 M23=C10.3,1 M39=C12.3,1 M55=C14.3,0 F7 - Card Status |
MO8=C00.0,0 M24=C10.4,1 MLD=C12.4,1 M56=Cl4.4,1 F8 - Display Pos !
MO9=C00.0,0 M25=C10.5,1 M41=C12.5,1 M57=Cl4.5,1 F9 - Subroutines !
M10=C00.0,0 M26=Cl10.6,1 M42=C12.6,1 M58=Cl4.6,] F10 - File Editor
M11=C04.0,1 M27=C10.7,1 M&3=C12.7,1 M59=Cl4.7,1 NEXT MENU: ALT-Q
M12=CO4.1,1 M28=C11.0,0 M44=C13.0,0 M60=C15.0,0
M13=C04.2,1 M29=C11.1,0 M45=C13.1,0 M61=C15.1,0 CARD: AO
M14=C04.3,1 M30=C00.2,0 M46=C13.2,0 M62=C15.2,0
M15=C05.0,0 M31=C00.3,0 M47=C13.3,0 M63=C15.3,0
{(Esc> tec EXIT
C~DEF INITIONS SMCC TERMINAL V3.3
COC=ff3a,00 C16=0000,22 C32=0000,22 C48=0000,22
01=££01,lc C17=0000,22 C33=0000,22 C49=0000,22 FI - I-Parameters
Co2=7fbi,2f C18=0000,22 C34=0000,22 C50=0000,22 F2 - P-Variables
Toi=ffrI af  C19=0000,22 C€25=0000,22 C51=0000,22 F3 - C-Definitions
Coi=ffb7,af C20=0000,22 C36=0000,22 C52=0000,22 Fi - M-Definitions
C05=ffbc,e0 C21=0000,22 C37=0000,22 CS53=0000,22 F5 - List Program
C06=0000,22 C€22=0000,22 C38=0000,22 C54=0000,2 F6 - Arrow Jog
CC7=0000,22 C23=0000,22 €39=0000,22 C55=0000,22 F7 - Card Status
£0e=0000,22 (24=0000,22 C40=0000,22 C56=0000,22 F8 - Display Pos
C09=0000,22 C25=ffb8,00 C4£1=0000,22 C57=0000,22 F9 - Subroutines
Cl0=aldad,fe C(26=0000,22 C.42=0000,22 C58=0000,22 F10 - File Editor
Cli=alae,00 C27=0000,22 C43=0000,22 C59=0000,22 NEXT MENU: ALT-Q
Cl2=alaf,fc C28=0000,22 CL4=0000,22 C60=0000,22
C13=23b0,00 C€29=0000,22 C45=0000,22 C61=0000,22 CARD: AO
Cit=albl,£5 C30=0000,22 C46=0000,22 C62=0000,22
C15=a3b2,00 C31=0000,22 C€47=0000,22 C63=0000,22

{(Esc> to EXIT
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SMCC M FUNCTION INPUTS AND OUTPUTS

J1i J2 Ji12 EXAMPLE: (BIT 5 OF ADDRESS cm’
J MACH J PAR-RS232 J OPT P,
*B1 | Mo1 B21 23 MO1 (OUTPUT) [CO1.5]
B22 21 MO02 (OUTPUT) [C02.6)
B23 19 MO3 (OUTPUT) [C02.7]
B24 17 MO4 (OUTPUT) [CO3.6)
B25 15 MO5 (OUTPUT) [C03.7]
B26 13 -MI1.1S M11 _(INPUT) [C04.0]
B27 11 MI2 IS M12 (INPUT) [CO4.1]
B28 9 MI3 IS M13 (INPUT) [C04.2]
B29 7 MI4 IS M14 (INPUT) [C04.3]
A.C28 B30 5 MI5 IS M15 (INPUT) [C05.0]
A.C27 B31 3 MI6 IS M16 (INPUT) [C05.1]
A.C26 B32 1 MI7 IS M17 (INPUT) [C05.2)
A.C6 B20 25 +SV ADDRESS DEFINITIONS.
A.C7 A19 2-26\ GND o1 = 1101
*B4 [-MOTRET €02 = b4
CO3 = b5
CO4 = fib7 .
C05 = fibc

° MO1 OUTPUT ON J MACH IS OPTICALLY

ISOLATED AND MAY BE SELECTED BY PLACING ALL EVEN PINs, #2-26 ARE GROUND
JUMPER ON E21-1 TO 6

1) IN M- DEFINITIONS MAP FOR INPUTS
MI1-Mi4, (M11-M14), 1 IS OFF (INACTIVE), 0 IS ON (ACTIVE) ?ghng“g%SR‘ggg M11
MI5 - MI7, (MI5-M17), 0 IS OFF (INACTIVE), 1 IS ON (ACTIVE)

DEFINITIONS ARE SET

2) ALL INPUTS, LOW (GROUNDED) IS ACTIVE OR "ON", AT THE FACTORY.

HIGH (+5 VOLTS MAX) IS INACTIVE OR "OFF". USE AS IS OR CHANGE

ALL INPUTS HAVE AN INTERNAL, 470 OHM, PULL UP AS DESIRED OR REQUIRED.

RESISTOR TO +5 VOLTS. IN PROGRAM BUFFER,
3) ALL OUPUTS TURN ON TO GROUND WHEN ACTIVATED. ‘:gg‘%?sg 10 P%%TS/QTE

® nn" -

4) M02 TO M05 OUTPUTS ARE RATED FOR ACTIVATE OUTPUTS,

30 VOLTS MAX. AT 200 mA. MO1 IS 30 V. AT 60 mA.

IF RELAYS ARE DRIVEN, USE SUPPRESSION DIODE ACROSS
RELAY COIL TO PREVENT INDUCTIVE VOLTAGE SPIKE.

5) THE J OPT CONNECTOR IS DESIGNED TO BE FLAT
CABLE CONNECTED TO COMMERCIALLY AVAILABLE
OPTO ISOLATION DEVICES, SUCH AS OPTO 22'S PB8 OR PB16.

6) USING ACCESSORY 14, ADDITIONAL I/0 IS MADE AVAILABLE. .
3 ACC-14'S MAY BE DAISY CHAINED FOR A TOTAL OF
48 x 3 = 164 /0 LINES.

(M FUNCTIONS)




M-FUNCTION OUTPUT JOPT. JPAR-RS232 COMHAND
MO1 23 B21 SET 01 RES 01
MO2 2] B22
MO3 19 B23
MO4 17 B24
MOS 15 B25

= MD1-MO5 outputs low when SET.

M—-FUNCTION INPUT JOPT. JPAR-RS232
M1l is MI] 13 B2¢é
M12 is MI2 11 B27
M13 is MI3 9 B28
Ml4 is Ml4 7 B29
M15 is MIS 5 B30
Mlé is MIé 3 B31
M17 is MI7 1 B32

* MI1-MI7 inputs are normally high when not activated and low
when activated. Activated here means "GROUNDED".

NOTE:In M-definitions map,MI1-MI4 are the opposite of MIG-MI7
When activated,bMl! -Mis"is O.
When activated, MIS- -MI7 1s 1.

. See M&C map definitions for Address and Bit assignments.

Example 1) IF Ml1i=0
THEN .

Example 2) %EESIS=I

Hould both result in the "THEIN" statement being executed
when the respective MIl and MI5 inputs are grounded.



PO UPO N NP - N P

DIAGRAMS

SUMMARY OF DIRECT CONTROL COMMANDS.

O

OX TN BB TN
©®

J(X/Y)
J(X7Y)
O(X/Y)
%N,n

bnn

|

2nn

rAv or dAyv
wA.d

3

Cmm=a
Mnn=Cmm.b
Mnn = 0/1
innv

inn

ix

forp

v

?

%

Bnn

Bx

Cmm

Cx

PC

PB

Pn or Px
PC=v
Pn=v

LIST n,m
DELETE nm
INSERT n
REPLACE n
MAP n

PLC n
PURnN
<CNTRL B>

<CNTRL C/D/E>

<CNTRL R>
<CNTRL V>

(NON-BUFFER COMMANDS)

(NON-BUFFER COMMANDS)

Quir ® THESE COMMANDS ARE ALSO AVAILAE
RUN AS CONTROL PANEL INPUT SWITCHES

STEP
FEED HOLD
SOFT RESET
HARD RESET
RETURN TO PRE-JOG POSITION
ZERO SET
START HOMING CYCLE
--KILL SERVO
ABORT CURRENT MOVE
JOG POSITIVE X AND Y
JOG NEGATIVE XAND Y
OPEN-LOOP CONTROL
FEED RATE % OVERRIDE
GOTO BEGINNING OF PROGRAM
LEARN AND STORE XAND Y
PURGE BUFFER
READ MEMORY/ READ MEMORY FORMATTED
WRITE DATA
SAVE PROGRAM
DEFINES Cmm TO BE ADDRESS a
DEFINES M FUNCTION BIT
SET M FUNCTION BIT TO ZERO OR ONE
SET PARAMETER inn VALUE
SEND VALUE OF PARAMETER
SEND VALUE OF ALL PARAMETERS
SEND FOLLOWING ERROR OR CURRENT POSITION
SEND CURENT VELOCITY
SEND STATUS AND ERROR
SEND VALUE OF % FEED RATE
SEND PROGRAM UINE NUMGER FOR LABEL
SEND PROGRAM LINE NUMBER FOR ALL LABELS
SEND DEFINED MEMORY LOCATION
SEND DEFINED MEMORY LOCATION FOR ALL ADDRESSES
SEND NEXT PROGRAM LINE POINTER VALUE
SEND SIZE OF PROGRAM BUFFER
SEND VARIABLE PARAMETER Pn OR ALL PARAMETERS
SET PROGRAM COUNTER TO VALUE
SET VARIABLE PARAMETER
LIST M LINES STARTING AT UNE n
DELETE m LINES STARTING AT LINE n
INSERT ADDITIONAL LINES
OVERWRITE PROGRAM LINE n
REALLOCATE n STEPS TO BUFFER
UST THE PLC PROGRAM
CLEAR THE PLC PROGRAM
DMA MODE, GET READY TO RECEIVE BINARY DATA
SEND BINARY POSITION/ STATUS/ PARAMETER DATA
SET % TO i07 VALUE
FREEZE POSITION




SET nn
RESET nn
GOTO+nN
GOTO-nn
GOTOm
GOSUB nn
IF

IFNOT

Lnn
START
STOP
END
RETURN
FORd
NEXT

FND
CASE mm,nv
DIVIDE d
Fd

Td

td

HOME
DWELL d
DLY d

Xd

Yd

AX d

AY d

ud

vd
XorY:V
WX d

WY d
XorY*d
XorY=d
RX =d

RY =d
R=d
C=d
LINEAR
CIRCLEN
TORQUE
POT d
SLEW d
innd

m a,n

mm a,n
na.n

U a,n

X a,n
SETPn=d
SET Pn = AX/Y
RESETP
SETCnn=2a
SET Mnn = Cmm.b

(MOTION BUFFER COMMAND)

PARAMETER AKD COMMAND
DIAGRAMS

MOTION BUFFER COMMANDS

SET THE BIT DEFINED BY Mnn

RESET THE BIT DEFINED BY Mnn

JUMP nn PROGRAM LINES FORWARD

JUMP nn PROGRAM LINES BACKWARD

JUMP TO PROGRAM LINE WITH LABEL Lnn, DO NOT RETURN
GO TO PROGRAM LINE WITH LABEL Lnn, THEN RETURN
CONDITIONAL JUMP OR GOTO

CONDITIONAL JUMP OR GOTO (INVERSE)

SUBROUTINE LABEL

. -START.CONTINUOUS EXECUTION OF PROGRAM

STOP CONTINUOUS EXECUTION OF PROGRAM

END OF PROGRAM

RETURN AFTER EXECUTING SUBROUTINE

START A LOOP, d TIMES

END OF LOOP

JUMP OUT OF A FOR/NEXT LOOP

JUMP TABLE, THUMBWHEEL INPUT

DIVIDE THE NEXT MOVE INTO d EQUAL PARTS

SET FEED RATE

SET MOVE TIME TO d/1024 SECONDS

SET CHANGE OF SPEED TIME TO d/1024 SECONDS

GO TO HOME POSITION

SET DWELL TIME TO d/1024 SECONDS

DELAY TIME, d/1024 SECONDS, SYNCHRONOQUSLY

MOVE X AXIS TO ABSOLUTE POSITION ¢

MOVE Y AXIS TO ABSOLUTE POSTION d

MOVE X AXIS TO ABSOLUTE POSITION d RELATIVE TO THE LAST HOME
MOVE Y AXIS TO ABSOLUTE POSITION d RELATIVE TO THE LAST HOME
INCREMENTAL MOVE X AXIS d DISTANCE

INCREMENTAL MOVE Y AXIS d DISTANCE

PARABOLIC MOVE

X WAIT

Y WAIT

GO UNTILTRIGGER RECEIVED, THEN MOVE d DISTANCE

SET THE PRESENT X or Y POSITION TO d

SET THE PRESENT X RADIUS TO d

SET THE PRESENT Y RADIUS TO d

SET THE PRESENT X AND Y RADIBOTHTO d

SET OFFSET FOR ELIPSE (not in parabolic)

UNEAR INTERPOLATION MODE

CIRCULAR INTERPOLATION MODE/ 3 POINT SMOOTHER MODE
TORQUE MODE

SETS PERCENT FEED POT TO d

SETS PERCENT FEED POT SLEW RATE TO d

SETS Inn TO THE VALUE ¢

WRITES THE BYTE n TO MEMORY LOCATION a

SAME AS m, BUT EXECUTES IMMEDIATELY

LOGICAL AND

LOGICAL OR

LOGICAL XOR

SET THE VARIABLE Pn TO THE VALUE d

SET THE VARIABLE Pn TO ABSOLUTE POSITION OF XOR Y
SETS ALL 15 VARIABLE PARAMETERS TO ZERO

DEFINE Cnn TO BE THE ADDRESS a

DEFINE Mnn TO BE THE BIT POSITION b AT THE ADDRESS DEFINED BY Cmm
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PARAMETER AND COMMAND
DIAGRAMS

BACK - GROUND PLC

PLC IS ALWAYS ACTIVE
REGARDLESS OF PROGRAM FLOW

I IF (CONDITION)

7\ ‘ THEN IF
', ELSE IF Pn 2 I
N position =
‘ foll. error = DATA
! T OR
H velocity == PARAMETER
3 Cnnm =
i
PBRLCJ)}?FEARM ! m=1 to 4 bytes|
! Mnn (1/O bit) = 0/1
i
[}
; AND  (CONDITIONS)
: OR (CONDITIONS)
TOTAL Yy ¥y
MEMORY: EXECUTED THEN (ACTION)
SUBROUTINE DURING
1,792 LABELS SERVOCYCLES Inn = DATA (SERVO)
Prog. Steps 0-63 SET nn /RES nn mFuncTion)
(5,630 SEND "MESSAGE" 1o kosT)
w/ 32k) ‘ "COMMAND" (TO smcc)
Cnn,m + DATA (+ MEMORY)

(BACK-GROUND)

Cnn,m = DATA (c. MEMORY)
Tn= DATA (4 TIMERS)
Pn = ATAN (X7Y)
Pn = (AX/AY)
Pn = Pn + (VALUE)
Pn = DATA (VARIABLE)

AND (ACTIONS)
ELSE (ALTERNATE ACTION)

BETWFEN
SERVOCYCLES

~ . (Same as THEN...)

OTHER BACK-GROUND TASKS
IF - THEN - ELSE
256 TOTAL




PARAMETER AND COMMAND

DIAGRAMS
9 PLC BRANCHES AND SUB-BRANCHES
BRANCH #1
® |[F
SUB BRANCH #1
THEN ELSE
®
SUB BRANCH #2
© THEN I|F ELSE THEN I|F ELSE
® ) ®
SUB BRANCH #3 @ ® ® ®© ® ©
@© HEN_| F__ELSE(®) THEN IJF ELSE THEN |IfF ELSE THEN I|F ELSE

i
[}
i |
’ ESUB BRANCHE BRANCH
LEVELS CAN BE #2
256 DEEP @l F
@THEN ELSE
BRANCH LEVELS CAN BE
255 DEEP

PLC EXECUTION SEQUENCE IS FROM® TO®
AS SHOWN

(PLC BRANCH)




SMCC WITH PARABOLIC
CAPABILITY (SMCC-P)

SMCC WITE PARABROLIC CAPABILITY
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OVERVIEW

SMCC’s Parabolic option wuses a .completely different masked
CPU and software to accomplish its motion control tasks. The
differences between a Standard SMCC and a Parabolic SMCC (SMCC-P)
are summarized as follows:

1) Some 1 Parameters are different and there are more of them,
but all PLC and motion commands are otherwise identical,
with a few exceptions that are listed below.

2) Parabolic can generate "Cubic" profiles for path control
and "Parabolic" velocity profiles of the form (X
position:velocity) with specified time. Also, it provides a
three point cubic fit on-the-fly, in CIRC4 Mode.

3) SMCC-P adds velocity and acceleration feedforward to the
servo algorithm and changes i21, the velocity feedback term,
to provide a different type of servo setup procedure.

4) AC induction servo is internal to CPU, therefore faster.

5) Provides 1/T encoder (period) measurements to improve low
velocity control.

6) Adds deadband capability when in position.

7) Provides data gathering (trace) capability which allows the
storing of position and following error data while a move is
being executed.

8) Provides special DMA communications in binary format for
high speed data transmission to and from host computer.

9) The status request from SMCC-P contains twice as many bytes
of information as the Standard SMCC.

10) SMCC-P does not save the P, C, and M functicns in the small
serial EAROM. Instead it uses the BK EAROM (Option 2) to
save these functions. This makes it possible to save a
program with approximately 80 steps in the small EAROM, as
opposed to six steps for the Standard SMCC.

11) The effect of t or (i08) is changed in SMCC-P. .
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SMCC WITH PARABOLIC
CAPABILITY (SMCC-P)

12) The "C" value in circular interpolation, which allows off-
axis ellipses to be made, is not available in SMCC-P.
Therefore, to make such inclined (non-vertical or non-
horizontal) ellipses, it 1is necessary to use parabolic
commands directly.

13) SMCC-P is capable of reading and using parallel binary words
(8 to 23 bits) for position information via the Accessory

14 Board.

14) SMCC-P is capable of handling geared resolvers for multi-
speed absolute positioning including 3-, 6-, or 12-pole
motors.

15) A Circular Range parameter is provided in SMCC-P. When

invoked allows the ability to do incremental or absolute
positioning within the rollover range.

16) A "Go Until" Command is provided for allowing an external
trigger to alter the motion profile. The form is (X
position”delta position).

Each of the above items will now be explained in detail.

1) i PARAMETERS

For a detailed explanation of i Parameters, please refer to the i
Parameter Description Section of this manual. The differences
between Standard and Parabolic are listed below:

i03 Handshake control SMCC-P adds two new handshake
modes.

i08 Changes function - In Parabolic, 108 controls
only jog and feed hold accelerations. "t" controls
calculated move accel and decel. 108 still
provides the default "t" wvalue on power-up or
reset.

i12 SMCC-P uses only 24KHz PWM frequency. 112 is now
changed to specify a move delay time or
calculation time. This 1is wused to provide

accurate multi-axis synchronization.

116 Bandwheel mode control - Uses 127 and i47 ratio
instead of Jjust 127 for handwheel multiplier when
in 116 2 or 3 mode.

i18 Specifies highest card address (for DMA only).

122 Changes meaning from velocity filter to velocity
feedforward gain. Velocity filter is not used in
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i28

130

*142
*145
150

**i60[161]

ie2

i63

164[165]

i66[167]

i68[169]
i70[171)
172[173]
174[175]

176[177]

i78[179]

NOTES: 1)

SHMCC WITH PARABOLIC

CAPABILITY
SMCC-P since this tends to reduce sServo
performance. .
Handwheel mode 2 control - Adds 1/T operating

mode selection to handwheel. In 1/7T 127[i47] is
disabled. 1/T is used to measure the encoder’s
pulse period rather than frequency and thus
results in smoother low velocity control.

Changes meaning from gain
acceleration feedforward gain.
not available on SMCC-P.

multiplier to
Gain multiplier is

Is now.magnetization current.

Is now slip gain.

Encoder versus resolver selection.

and Y-axis deadband

Are now respectively the X-
control.

Is PLC enable/disable control.

Is parabolic mode control, controls DMA

communications format only.

Is X and Y parallel encoder and resolver base
address.

Specifies the X and Y resolver

Reduction).

speead (Gear

Is X and Y second resolver base address.

Is X and Y parallel encoder and resolver bias.
Is X and Y parallel encoder and resolver size.
Is X and Y second resolver size.

Is X and Y encoder data and strobe logic level,
polarity control.

Is X and Y circular range mode control.

*For brushless and induction motors only.

2) **Parameter numbers 61 and over are on SMCC-P only.
3) Only parameters 00 to 63 can be written into program
buffer using "I" prefix.
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SMCC WITH PARABQLIC
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2) PARABOLIC PROFILING

The term "parabolic" refers to the SMCC-P’s capability to
generate parabolic (gquadratic, or second-order) lvelocity
profiles, which yield cubic (third-order) position trajectories.
This is one order higher than the standard SMCC (and most other
controllers), which can generate linear (first-order) velocity
profiles for second-order position trajectories. The extra order
in the trajectories gives the SMCC-P much greater flexibility for
blending o©f moves, smooth starting and stopping, and close
control of the path of movement.

Even when executing lower-order trajectories, the SMCC-P
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. The moves
generated for these lower-order trajectories will be the same as
those on the standard SMCC for egquivalent commands, although
calculated differently. For example, a standard point-to-point
move of time ’'T’ from point A to point B with acceleration and
deceleration times of ‘t’ 1s broken into three concatenated
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 eguations
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
clecse as possible to the mathematically generated trajectories.
It 1s very easy to generate & 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
SMCC-P: directly, and through use of the CIRCLE4 mode (also known
as S-curve or three-point smoother mode). First, we will discuss
the direct method of specifying these profiles.

irect Specification

Because there 1is an extra order in the parabolic profiles, the
user must specify an additional constraint to define the move

completely. Therefore, in addition to the position and time
specifications of a ’'regular’ move, the user must specify the
velocity at the end of the move segment. From the constraints of

time for the move, end position and velocity that were specified
for the move segment, plus starting position and starting
velocity, the card will calculate the unique cubic position
trajectory necessary to meet the constraints.
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The basic command format is as follows:

£1024 ;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 .this 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) with a
Velocity Command added after a colon. The velocity at the end of
the move segment will be:

Vend = 106 * Vspecified / 1024 (cts/sec)

where 106 is the reference feedrate. 1In the example above, where
the specified velocity is 1024, the velocity generated at the end
will be equal to 106. 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 time base
inputs, work independently of this, and can alter the speed from
that commanded in these program lines.

Warning: If the SMCC-P leaves a program where the last motion
command was & parabolic command with a non-zero velocity, the
card will continue to generate a trajectory at this velocity

indefinitely. This can lead to an undesired ’runaway’ condition.
For this reason, the last in a series of parabolic commands
should always have & 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.

Mathematical Background

Figures 1(a) through 1(d) show the graphs of the general case of
a 'parabolic’ move segment. Each graph is derivative of the one
above it (or, the integral of the one below it). The key thing

about these profiles is that the dA/dt is non-zero, vielding
third-order equations for position.

Generally, we will be working with velocity-vs.-time graphs to
describe these moves. On these graphs, the change in position is

the area under the curve, and the acceleration is the slope of
the curve at any point in time. -
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"PARABOLIC" MOTION PROFILES

!
i
= i
1
o i
o i
& t
i
O .
I
i
1 i
; 1
i !
+ L +
I
t-‘ i t2
[ ! .
I ! f
V-» ! :
2 : 1
i !
i 1
- ! '
= ! !
O l |
') d
9 Vv, :
] )
> )
i 1
" i
I l
" i
" I
| 1
4
] |
I I
" 1
| i
| i
, t
Z ! : i
O : ' !
- 1 ! i
g i i !
r 1 ! !
i 1 ! i
— 1 ! i
48] . !
®)] 1 i
O 1 ' I
< i ! !
! [
! 1
I ]
i
I ! ]
1 ! !
1 ! !
1 \ !
i ! !
i ! |
I ! !
= S .
© ! 1
X ' '
= 4 |
L1
= t, ts

(MOTION PROFILE!

31VILINIH3I44Ia

FIGURE 1(a)
POSITION vs. TIME

CUBIC (3rd ORDER)

FIGURE 1(b)
VELOCITY vs.TIME

PARABOLIC (2nd ORDER)

FIGURE 1(c)
ACCELERATION vs. TIME

LINEAR (1st ORDER)

FIGURE 1(d)
dA/dt vs. TIME
(JERK)

CONSTANT (Oth ORDER)




SMCC WITH PARABOLIC
CAPARBILITY (SHMCC-P)

The first case we will examine is that of a point-to-point move
using a single parabolic command specifying a zero end velocity,
such as:

£1024 ;1 second
U10000:0 ;change in position of 10000 counts
;ending with zero velocity

The graph of the resulting profile is shown in Figure 2. It is a
symmetrical parabola, starting and stopping at zero velocity.
The area under the parabola is the distance traveled -- in this
example, 10000 counts. The slope of the parabola at any point is
the acceleration, which is at maximum magnitude at the start and
the stop, and zero at the midpoint. The two key equations for

this type of move, which can be derived with simple calculus,
are:

delta P = (2/3) * Vpeak * delta t and
Apeak = 6 * delta P / (delta t)~"2

where delta P is the change in position, and delta t is the time
for the move

These eguations can be rearranged to solve for whichever term is

the unknown, as shown in the equations in Figure 2. (In solving
these eguations, Dbe careful of your units, particularly
distinguishing between seconds and binary milliseconds.) A

common situation is that of trying to calculate a minimum-time
move of a certain length, given system constraints as to maximum

velocity and/or acceleration. In this case, delta P, Vmax, and
Amax would be known, and the equations would be solved for delta
T. If both Vpeak and Apeak were constraints, the larger of the

two values calculated for delta t would have to be used, so as
not to violate the other constraint.

This type of move is important because it causes the minimum
energy dissipation in the motor (for covering a given distance in
a given time). The mathematics to prove this is quite involved,
but the idea behind it is guite simple. The power dissipated in
the motor at any moment is proportional to the square of the
current, and so to the square of the acceleration. The parabolic
profile, by providing the maximum acceleration at the lowest
velocities, enables the bulk of the distance to be covered at low
values of acceleration, and therefore, low power dissipation.

Another common situation to be solved is that of accelerating to
(or equivalently, decelerating from) a peak velocity from (to) a

stop in a parabolic move segment. A whole family of curves can
perform this task, depending on what value should be maximized or
minimized. The three most useful of these curves are shown in

Figures 3, 4, and 5.

The curve in Figure 3 shows the most gentle start-up possible.
The equations to the right of the figure show the relations
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between distance, end velocity, maximum acceleration, and time.
Typically, the time would be calculated from the desired end
velocity and the constraint of maximum acceleration, and the
distance would be calculated from that.

Figure 4 shows the case of straight-line acceleration, which is
the minimum-time curve to get up to velocity 1f maximum
acceleration is the only constraint. (The strain on the
equipment that this instantaneous change to maximum acceleration
causes makes many people shy away from this approach). Althouagh
parabolic commands are not required to generate this type of

curve, they will work provided the constraints of the equations
in Figure 4 are satisfied. «

The curve in Figure 5 shows the case o0of the parabolic
acceleration that blends most smoothly into a steady velocity
move segment. The accompanying equations are identical in form
to those in Figures 3 and 4.

Example: Suppose we wish to do a straight line acceleration to a
speed of 200,000 cts/sec, given a maximum acceleration of

1,000,000 cts/sec/sec. From Figure 4, we would first compute
delta t = 200,000/1,000,000 = 0.2 seconds. Then we would compute
delta P = (1/2) * 200,000 = 0.2 = 20,000 counts. The program
lines to do this would be:

106 1024 ;S0 velocity specified in cts/sec

£t205 ;0.2 seconds in binary milliseconds

U20000:200000 ;incremental move of 20000 counts

;with ending velocity of 200000 cts/sec

Constant velocity move segments can also be done using parabolic

commands, and the math is very simple. Suppose we wish to add to
the above acceleration segment a constant speed segment of
400,000 counts at this maximum velocity. The time for this
segment 1s found by simple division: 400,000 cts / 200,000
cts/sec = 2 sec. The program lines for this segment would be:
+t2048 ;2.0 seconds in binary milliseconds
U400000:200000 ;incremental move of 400000 counts

;with ending velocity of 200000 cts/sec

In general, any arbitrary move profile can be described using a
set of parabolic commands. The only restriction is that a ’t’
time of at least 16 binary milliseconds be used. This is due to
the fact that SMCC-P requires approximately 8 milliseconds per
axis to calculate the profile parameters for the next move
segment (’'block’). If the move segment times are not long
enough, the SMCC-P will run out of calculation time and stop
executing the program. A good minimum value to use is t20, which
provides an execution rate of 50 Dblocks/second. If t is
close to the minimum value, communications and PLC program tasks
may take up enough time that they may cause the card to 'hang
up’. However, if t is sufficiently large, this is not a worry.
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to check that at no point during the segment does the move exceed
system capabilities. The following analysis can be uged for
determining whether the velocity profile during a parabolic move
will generate a minimum or maximum velocity which is outside the
range of beginning and ending velocities, and if so, what the
magnitude of the extreme velocity is.

For the general case of a parabolic move segment, it is important ‘

Figure 6 shows a parabolic move segment with the following
parameters:

Vs = Starting velocity

Vf = Final velocity

dP = Distance to move (delta P)
t = Time for move

Vm = Mean velocity = dP/t

First calculate X as the time of the extreme velocity as a
fraction of the time for the move:

X = (3Vm - 2Vs - Vf) / (6Vm - 3Vs - 3VI)

If X is between 0 and +1, the extreme velocity occurs between the
endpoints of the segment. If X is outside of this range, the
extreme would not occur on a section of the parabola that is
actually executed, and one of the end velocities would be the
extreme velocity for the segment.

If X is found to be Dbetween 0 and +1, the next step is to
calculate the extreme velocity:

Vextreme Vs + [(3Vm - 2Vs - V£)"2 / (6Vm - 3Vs - 3Vf)]

Vs + [(3Vm - 2Vs - VI)X]

This velocity would then be compared to system capabilities.

Example: Given Vs = 1000 cts/sec
VE = 2000 cts/sec
dP = 3000 counts
t = 1 sec
Then: Vm = dP/t = 3000 cts/sec
X = (9000-2000-2000) / (18000-3000-6000)

5/9

Since X is between 0 and +1, a2 minimum or maximum velocity occurs
during the move segment:

Vextreme

([

1000 + [(S000-2000-2000)*5/9]
3777.78 cts/sec
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S-Curve (Three-Point Smoother or CIRCLE4) Mode

The SMCC-P provides a special mode that automatically generates
and combines parabolic move segments for smooth motion without
the user having 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 egquipment and loads. Second, it can apply & three-
point cubic fit to a series of positions received by the SMCC-P.
This allows the SMCC-P 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 1in 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
stfaight 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 SMCC-P may have been using, and
causes it instead to use the 't’ value as the move segment time.
To exit this mode, simply use a new F or T Command.

There are three basic rules for generating proper S-curve moves
(these will become clear with examples):

1. If you change the time (‘t’) for a move segment, you must keep
the ratio deltaP/t (change in position/time, or velocity) 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 SMCC-P
will blend smoothly to the new velocity. If you change the
deltaP/t ratio as you change the time t, there will be an
instantaneous change in acceleration between segments (but not
in velocity). Since this mode is usually used to avoid such
acceleration jumps, this condition is undesirable.

3. The SMCC-P 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; they do not actually appear in the program. (Do
not explicitly add these to your program, or the SMCC-P will
tack another segment to them.) These segments do not actually
cause a zero move; as in rule 2 above, the SMCC-P provides a
blending to the velocity specified by the next deltaP/t ratio.
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Below is & simple, general-purpose parameterized program for
generating point-to-point moves with S-curve acceleration and
o deceleration:

CIR4 " ;Invokes S-curve mode

t (P1) ;Move segments take Pl binary milliseconds

U(P1l*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) ;constant automatically

U(P3*P4)

END

Run velocity = P4 counts / binary millisecond
Total distance = (Pl + P2 + P3) * P4 counts
Total time = 2P1 + P2 + 2P3 binary milliseconds

The velocity profile generated by this program is shown in Figure
7. There are several important things to note about this simple
program. First, since the time changes for each seament, 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. Second, note by looking at Figure 8
that the acceleration takes a time of 2*p1l. This is due to the
automatic addition by the SMCC-P of a U0 segment at the beginning
of the move. By rule 2, since deltaP changes (from 0 to P1*P4)
while t stays constant, the SMCC-P provides an S-curve blending
from a velocity of 0 to a velocity of P4 in a time of 2*P1. The
same is true (in reverse) for the deceleration. This makes the
total time for the move equal to 2*P1 + P2 + 2*P3.

Figure 8 shows the general case for blending between two
constant velocities in S-Curve mode. Suppose the system were
moving at a constant velocity V1 and it were desired to change to
& velocity of V2, and run constant at that velocity for a while.

For a given t value (more on how to set this below), we must
compute a deltaPl so that deltaPl/t = V1 (deltaPl = V1 =* t),
satisfying rule 1. Next we calculate deltaP2 so that deltaP2/t =
V2 (deltaP2 = V2 * t), according to rule 2. If no blending were
occurring, there would be a sudden jump in velocity after the
first time t. But the S-curve mode provides a smooth transition
between the two velocities by creating two parabolic segments,
each of time t, the first one concave-up, the second concave-
down.

Note that in doing this blending, the system will have moved by
more than deltaPl in the first time t, and less than deltaP? in
the second time t. However, it will move exactly deltaPl+deltaP?
in time 2t (provided the next move does not also require blending
to a new velocity).

160



SMCC WITH PARABOLIC
CAPABILITY (SMCC-P}

General Algorithm for Point-to-Point S—-Curve Moves

A common type of application 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 is a 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 Jjust a triangular area, so the
formula for distance covered is:

deltaP = (1/2) * 2t * V = V*t

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 an S-curve acceleration is
exactly twice that of a constant (straight-line) acceleration:

Apeak = 2 * V / (2t) = V/t
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:

t = 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*deltaP (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:
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tl02 ;0.1 sec in binary milliseconds

Us000 ;acceleration distance

t307 ;0.3 sec in binary milliseconds

Ul5000 ;slew distance ~- note that ratio holds
t102 ;decel time = accel time

Uus5000 ;deceleration distance

END ;or DWELL -- something to ensure stop

0f 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*Ymax
2 * (Vmax~2)/Amax + 0.020*Vmax

o

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 instead.

For a very short move, the profile will never get up to maximum
allowed velocity, so maximum allowed acceleration is your only
constraint for calculating a minimum-time move. Figure 9 shows a
single-part S-curve move. Since there is only one position
command in the move, the SMCC-P adds zero segments both before it
and after it. The move takes 3*t total time to execute and the
center segment blends toward zero velocity on both sides.

The peak acceleration on this move occurs right at the boundaries
between segments. It is calculated by:

Apeak = deltaP / (t°2)

Setting Apeak to the maximum allowed acceleration, Amax, we can
solve for the minimum-time t:

t = sgrt (deltaP/Amax)

Example: For the above system, a move of 5000 counts, which is
too short for a three-part move, would have t = sgrt (5000/500000)
= 0.1 sec. The program would be:

£102 ;0.1 sec -- total move time = 0.3 sec
Us5000 ;incremental move total distance
END ;0or DWELL -- something to ensure stop

The maximum-length move that can be done with this calculation is
the one in which the peak velocity equals the maximum allowed
velocity. The equation for peak velocity is:

Vpeak = (3/4) * sqgrt (Amax * deltaP)
Setting Vpeak equal to Vmax, and solving for deltaP, we get:

deltaP{maxlpart} = (16/9) * Vmax~2 / Amax
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On our example system, this would be a move of 8888 counts. Note
that this 1is somewhat less than the minimum three-part move,
which is greater than 2 * Vmax"2 / Amax. For moves between these
two limits, we must use a one-part move that 1is constrained by
Vmax, and never reaches Amax. The equations for this type of move
are:

deltaP = (4/3) * Vpeak * t
= (4/3) * Vmax * t
so t = (3/4) * (deltaP/Vmax)

Example: On the above system, a move of 10000 counts is too short
for a three-part move, and too 1long for an acceleration-
constrained one-part move. So we use the velocity constraint,
and calculate t = (3/4) * (10000/50000) = 0.15 sec. Total move
time is 0.45 sec.

These calculations can be done either in a host computer or on
the SMCC-P. Example #47 in the Programming Examples section
shows how these calculations can be done on the card itself.
This is a sophisticated example, converting absolute positions in
two axes to incremental distances, deciding which axis has the
longer move, then deciding which of the three classes of S-curve
moves it falls into, and calculating the time and distance
parameters.

Three-Point Smoothing (Cubic Fit) Applications

Another type of application for which this mode is valuable is in
providing irregular curve following capability while smoothing
the trajectory between adjacent points on the curve. The SMCC-P
simply requires a series of positions and the time to move
bertween the positions. The SMCC-P, once in CIRCLE4 mode, takes
each data point in turn, and does a cubic fit with it, the point
before 1it, 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 (just looked at slightly
differently).

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 SMCC-P would follow the path between
points, passing each new one at time ’‘t’ past the previous one.
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[

For this type of application, we 1look at the equations that
derive the derived commanded positions from the numbers in the
program (to repeat, the math in the SMCC-P 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):

[r(n-1) + 4*r(n) + r(n+l)] / 6
[r(n+l) -~ r(n-1)) / 2t

3-point derived pos (n)
3-point derived vel (n)

non

Consider the following short program to fit a series of points:

X=0 ;Define current position to be zero
CIR4 ;3-point. smoothing mode

£t102 ;Time between points is 0.1 sec
X1000 ;Move to X=1000 (deltaP = 1000)
X2000 ;Move to X=2000 (deltaP = 1000)
X2500 ;Move to X=2500 (deltaP = 500)

END

The SMCC-P will automatically add zero-distance moves at the
beginning and end of the sequence (rule 3). This makes the move
data seguence:

o, 0, 1000, 2000, 2500, 2500

The derived positions and velocities at time intervals ’'t’ are:

1) p(l)y = [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
vi(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
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.

With some preprocessing in the host computer, it is possible to
do a 5-point smoothing function (5th-order polynomial blend) for
greater blending capability. From a series of points r(n), we
calculate in the host computer intermediate points g(n):

g(n) = [-r(n-1) + B8*r(n) - r(n+l1)]/6
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These points g(n) are used in the SMCC-P CIRCLE4 mode program,
which computes derived points p(n) as above:

p(n) = [g(n-1) + 4*g(n) + g(n+l)1/6

The net formula for the derived points p(n) from the original
points r(n) is:

p(n) = [-r(n-2) + 4*r(n-1) + 30*r(n) + 4*r(n+l) - r(n+2))/36

As a more sophisticated example, assume that we wish to make a
square shape out of a rotating part, with the cutting tool moving
radially in and out. With the square 100 units on a side, the
equations for the radial location of the cutter are:

r
Ir

50 / cos(a) 0 deg <= a <= 45 deg
50 / sin(a) 45 deg <= a <=90 deg

|

Symmetrical equations apply for the other four quadrants of the
square.

If the controller were only capable of point-to-point moves, at
least 250 points per 90 degrees would be required in order to
produce a smooth shape without noticeable flats between points.
However, 1if cubic interpolation is used, the number of points
required can be significantly reduced. This can ease memory
requirements, and also speed up execution if the number of move
segments (blocks) per second is a limiting factor.

Below are tables showing the results of SMCC-P’s CIRCLE4 mode
calculations for this problem. Each table shows the actual
points on the square, the three-point fit to those points with
the associated error, and the five-point fit with its error.
Table 1 shows the data for 10 points in 90 degrees, Table 2 shows
20 points in 90 degrees, and Table 3 shows 40 points in 90
degrees.

Actual 3-Point 3-Point 5-Point 5-Point

r r error T error

0 50.0000 50.2078 0.2077 49.9956 -0.0045
1 50.6233 50.8444 0.2211 50.6181 -0.0052
2 52.5731 52.8387 0.2656 52.5652 -0.0079
3 56.1163 56.4736 0.3573 56.1017 -0.0146
4 61.8034 62.3401 0.5367 62.4176 0.6142
5 70.7107 67.7416 -2.9691 69.5421 -1.1686 ---- Max.
6 61.8034 62.3401 0.5367 62.4176 0.6142
7 56.1163 56.4736 0.3573 56.1017 -0.0146
8 52.5731 52.8387 0.2656 52.5652 -0.0079
S 50.6233 50.8444 0.2211 50.6181 -0.0052
10 50.0000 50.2078 O

.2078 489.9956 -0.0045
Data for 10 points in 90 degrees

———————————————————— TABLE 1 —-———omommmm e
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Actual
r

0 50.0000

1 50.1546

2 50.6233

3 51.4208

4 52.5731

5 54.1196

6 56.1163

7 58.6414

8 61.8034

g 65.7544

10 70.7107
11 65.7543
12 61.8034
13 58.6414
14 56.1163
15 54.1196
16 52.5731
17 51.4208
18 50.6233
19 50.1546
20 50.0000
Data

3-Point 3-Point
error

50
50

61

61

50
50

for 20 points in

Ir

.0515
.2070
50.
51.
52.
54.
56.
58.
.9349
65.
69.
65.
.9348
58.
56.
54.
52.
51.

6781
4799
6388
1946
2044
7475

9219
0586
92189

OO OOO0OOOODODOO0OOHHOODOODO0ODOOOOO

7475
2044
1946
6388
4799

.6781
.2069
50.

0515

167

.0515
.0523
.0548
.0591
.0657
.0750
.0881
.1062
.1315
.1676
.6521
1676
.1315
.1062
.0881
.0750
.0657
.0591
.0548
.0523
.0515

TABLE 2

SMCC WITH PARABQLIC

CAPABILITY (SMCC-P)
5-Point 5-Point u
r error

49,9997 ~-0.0003

50.1543 ~0.0003

50.6229 -0.0003

51.4204 -0.0004

52.5726 -0.0005

54.1190 -0.0006

56.1155 -0.0008

58.6402 -0.0012

61.8016 -0.0018

66.0636 0.3083

70.1041 -0.6066 ---- Max. error
66.0636 0.3083

61.8016 -0.0018

58.6402 -0.0012

56.1155 -0.0008

54.118%0 -0.0006

52.5726 -0.0005

51.4204 -0.0004

50.6229 -~-0.0003

50.1543 -0.0003

49.9987 -0.0003

90 degrees
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3-Point 3-Point

Actual
r r
50.0000 50.01289
50.0386 50.0515
50.1546 50.1677
50.3490 50.3623
50.6233 50.6368
50.9796 50.9937
51.4208 51.4355
51.8505 51.9660
52.5731 52.5885
53.29%40 53.3115
54.1196 54.1383
55.0574 55.0776
56.1163 56.1383
57.3069 57.3309
58.6414 58.6678
60.1345 60.1638
61.8034 61.8361
63.6686 63.7053
65.7544 €5.7960
68.0900 68.1375
70.7107 69.8371
68.0900 68.1375
65.7543 65.7960
63.6686 63.7053
61.8034 61.8361
60.1345 60.1638
58.6414 58.6678
57.3068 57.3308
56.1163 56.1382
55.0574 55.0776
54.119%6 54.1383
53.2%40 53.3115
52.5731 52.5885
51.9505. 51.9659
51.4208 51.4355
50.9785 50.9937
50.6233 50.6369
50.3490 50.3623
50.1546 50.1677
50.0386 50.0515
50.0000 50.0129
Data for
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0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
.0202
.0219
.0240
.0264
.0283
.0327
.0368
.0416
.0475
.8736
.0475
.0416
.0368
.0327
.0293
.0264
.0240
.0218
.0202
.0187
.0174
.0164
.0155
.0148
.0142
.0137
.0133
.0131
.0129
.0129

error

0128
0128
0131
0133
0137
0141
0148
0155
0164
0174
0187

TABLE 3

5-Point

50
50
50
50.
50
50
51.
51
52
53
54
55.
56.
57.
58
60
61.
63.
65.
68
70.
68
65
63
61
60.
58
57
56
55.
54.
53.
52.
51
51.
50.
50.
50
50
50
50.

r

.0000
.0386
.1546

3480

.6232
.9785

4207

.9504
.5731
.2940
.1186

0574
1163
3068

.6413
.1344

8033
6684
7542

.2445

4036

.2444
. 7542
. 6684
.8033

1344

.6413
.3068
.1163

0573
1196
2940
5731

.9504

4207
9795
6232

.3490
.1546
.0386

0000

5-Point
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error

40 points in 90 degrees

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0001
.0001
.0001
.0001
.0001
.0002
.1545
.3070
.1545
.0002
.0001
.0001
.0001
.0001
.0001
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

---- Max.

error
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Examination of the results shows that the maximum error occurs at
the sharp corner of the square. This is to be expected,‘be;ause
traversing the corner at speed would require a path with infinite
acceleration, something the blending function of the three point
smoother is designed to prevent. Specifying a radius at the
corner would significantly reduce the path error here. Other
than at the corner, the errors were very small. As could be
predicted, the five-point smoothing did better than the three
point smoothing, and increasing the number of points reduced the

errors. At 40 points per 90 degrees, the errors are vanishinaly
small except at the corners, so further increase would improve
nothing -- and we are still way below the 250 points per 90

degrees required by point-to-point interpolation.

3) ACCELERATION AND VELOCITY FEEDFORWARD

SMCC-P has these two additional servo parameters in order to
improve the dynamic response and reduce the following error
caused by acceleration and velocity. The Standard and Parabolic
SMCC servo algorithms are shown for reference.

SMCC SERVO ALGORITHMS:

SMCC WITH PARABOLIC OPTION

Eout = 120*k0*{[EP(N) - 1i21[AV(N)*(dT/[T(N) - T{(N-1)1)]
DAC
+ 122* DV (N)
+ 130* k1*[DV(N) - DV(N-1))
n-1
+ 123*k2* SUM EP(3)/})
J=0
NOTE: The term (dT/T(N) - T(N-1) is activated only when 1/T

(period) encoder count measurement is used.

Where: 120 Proportional Gain

i21 = Differential Gain (Feedback)

i22 = Velocity Feedforward Term

130 = Acceleration Feedforward Term

123 = Integral Gain

109 = Integrator Mode Control
EP(N) = Position Error
EP (J) = Summation of Previous Errors
AV (N) = Actual Velocity = P(N) - P(N-1)
DV(N) = Desired Velocity = DP(N) - DP (N-1)
(N-1) = Previous event

kO = 1.25V/65536

kl = 4

k2 = 1/4096
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SMCC STANDARD (NON-PARABOLIC)

Eout = 120 *k0*{EP(N) - i21*k1*[EP(N-122-1)]/256
DAC
n-1
+i23*k2* SUM EP (j)/65536]
j=0

Where: 120 Proportional Gain

130 = Proportional Gain Multiplier 0 = x1, 1 = x256
i21 = Differential Gain
122 = Velocity Smoother (Filter time constant)
i23 = Integral Gain
i09 = Integrator Mode Control
EP (N) = Position Error
EP(Jj) = Sum of All Position Errors
kO = 1.25V/65536 for i30 = 0
= 1.25V/256 for i30 = 1
kl = 1/256
k2 = 1/65536

4) AC INDUCTION SERVO

With the new CPU mask, the servo calculations for the AC
induction motor phasing were moved from external to internal
code, and thus made faster, which results in smoother and stiffer
servo capability.

5 1/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. SMCC-P
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 wusing 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 as high an encoder count/revolution as possible
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.
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B) Use at least 100 to 200 counts/second at the lowest RPM
you will use in order to avoid velocity granularity.

C) Without 1/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.

128[i48) is used to enable the 1/T mode and jumpers E40 and E4]
must be removed so the handwheel counters can be used by the 1/7
mode. Handwheel inputs are disabled and cannot be used when in
1/T mode.

6) DEADRAND

Parameters 160[i6l] are now used to specify a servo deadband of 0
to 255 encoder counts. SMCC-P will maintain a zero output to the
amplifier when the motor position is within +4/- 0 to 255 counts
of the desired position. When the following error exceeds the
specified deadband limit, the SMCC-P begins to control position
again. Note that amplifier’s offset may drive the motor shaft to
one end of the specified deadband limit. The amplifier is not
disabled inside deadband.

7) DATA GATEERING CAPABILITY

The Parabolic SMCC has the ability to collect and store servo
data in real time. This can be used to provide a "snapshot" of
system performance during a period of interest. The servo data
can come from any section of the card’s memory space (it must be
a continuous section of memory), but the most common data
collected is position and following error. This data can then be

sent to a host computer for further processing, such as graphic
display.

The SMCC Terminal Program (Version 3.6 and newer) for the IBM PC
is designed to facilitate this process. It has a section that
allows the user to specify interactively how the data is to be
gathered, to cause it to be collected and brought back to the
computer, and to be plotted, printed, or displayed. Instructions
for this section of the program are shown below.

The process of <collecting and retrieving data requires
coordination between the SMCC and the host computer, and between
on-line commands and the motion program.

—
-
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The SMCC-P command to set up the data gathering is:

ll" y £, b, a, dl, dz2
where
y is the command itself;
f defines the sampling period (f is the log [base 2] of the
sampling period in servo 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 (default is fed48 -- X position);

dl is 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 1is
the end of the open memory).

On receiving this command, the SMCC-P will prepare for data
storage and return the address of the pointer to the data storage

buffer (in hex). Before any storage, this will be the beginning
of the buffer. (A 'y’ Command sent without any arguments will do
nothing but return the address of the pointer. This can be used

after gathering the data to find the end of the buffer used, and
therefore, the length of the buffer.)

The program in the card must set and clear in the fifth bit of
the byte at address febd to start and stop the data gathering.
This is usually done in the following manner:

SET C20
SET M20

(instructions before gathering)
SET20

febd
C20.5

(instructions while gathering)

RESETZ20

(instructions after gathering)
After the data collection on the card has been completed, the
host should send a 'y’ Command without arcguments to get the
address at the end of the buffer. Then the 'd’ Command is sent,
with two arguments: first is the starting address (in hex), and
the second is the length of the buffer (end address minus
starting address) in decimal. See the description of the 'd’

Command in the programming manual section for details on the
command, and the format of the returned data.

The amount of storage space the SMCC-P has for data gathering
depends on the size of your program buffer. For example, if you
have a one hundred line program with no subroutines and no
background programs, you will have approximately 6K of data
storage space, so that 1f the data gathered is 16 bytes every 128

seconds = 48 seconds (approximately). When SMCC’s Option 5 (32K
memory) is used, about four times as much can be stored.




SMCC TERMINAL PROGRAM DATA

Once you have entered this
SMCC Terminal main menu,
screen.
like a standard terminal.

menu of function key operations

appears as:
Fl - COLLECT DATA
F2 - COLLECT/STORE
F3 - GET DISK DATaA
F4 - PLOT DATA
F5 - DISP RAW DATA
F6 - DISP DEC DATA
F7 - PRINT RAW DATA
F8 - PRINT DEC DATA
F9 - SYS COMMAND
F10 - PLOT HELP

The instructions for each
below:

<F1l> - COLLECT DATA

Pressing F1l causes the SMCC program to check the card you are
connected to and ensure that the card is one with the Parabolic
it
If it is a parabolic card,
period of data collection you wish to use.

option (Option 4). If

further.

you are presented with the SMCC plotter
Typing alphanumeric keys still lets the left window work

SMCC WITH PARABOLIC
CAPABILITY (SMCC-P) “

GATHERING INSTRUCTIONS

section by pressing <ALT F10> in the

In the right window you see the sub-
for this section. The menu

of these function keys are detailed

is not, you may not proceed any
the program will ask you the

Your choices are in

numbers of servo cycles

(the default value for a servo cycle 1is

876 microseconds).

<0> 1
<4> 16

Choose the period
For example,
cycles,

Next, the program asks you

choosing <4>
or 32 x 0.976 =

Your choices are displayed as:

<1l> 2
<5> 32

<2> 4
<6> 64

<3> 8
<7> 128

you want by pressing your selection of 0 to 7.
would give you a period of 32 servo
31.232 milliseconds per sample.

to select the type of data you wish to

collect. Your choices are displayed as:
<1> X Pos. <2> X & Y Pos. <3> X Pos. & FE
<4> (X & Y) (Pos. & FE) <5> Special Data

(Vel. & Accel. data computed from position)

Enter your choice by pressing your selection of 1 to 5.
chose one of the standard selections

4 x n bytes collected each sample,

number.

velocity and
difference).

As noted in the display of the choices,
is acquired for an axis,

acceleration

If you

(n =1 to 4), there will be
since each value is a 4-byte
if position data
the program will automatically compute
data (using forward-backward
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If you press <5> for special data gathering, the program will ask
you for the number of bytes to stcre each sample. You can store
from 1 to 32 contiguous bytes each sample. Next, you will be
asked for the capture address, which is the address of the first
byte to be collected (in the SMCC processor’s memory space).

At this point, you are ready to run a program in SMCC and have it
collect data for you while it runs the program. The SMCC terminal
program tells you to command the card in terminal mode to perform
your desired actions. When you are done performing the moves and
storing data, you type CTRL-Z, and the data will be brought back
into the computer.

<F2> - COLLECT/STORE

This operates identically to F1l, except that it also stores the
data in a disk file. You will be asked for the name of the disk
file before you start the data collection.

<F3> - GET DISK DATA

This section allows to you to bring in previously collected data
that had been stored on disk (see instructions under F2 and Fl).
You will be asked for the name of the disk file from which you
wish to retrieve the data. Once the data has been brought into
the computer, you may use it Jjust as if it had been brought in
directly from the card. You do not need to be connected to a
card to get the data in this manner.

<F4> - PLOT DATA

This section lets you view the collected data in graphical form.
You must have graphics capabilities on your PC to utilize this
function. You have a great deal of choice in what data you plot,

and how you plot it. You will be presented a list of choices in
the left window:

<0> Change Plot Settings

<1> X Position vs Time

<2> X Velocity vs Time

<3> X Acceleration vs Time
<4> X Following Error vs Time
<5> Y Position vs Time

<6> Y Velocity vs Time

<7> Y Acceleration vs Time
<8> Y Following Error vs Time

<$> Special Plots
Enter your choice (ESC to exit):

Items <4> through <8> will only be displayed if the data for that
choice has been collected.
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Selecting an item <1> through <8> will cause that plot to be
displayed on the screen, replacing the text screen you were
using. Once in the graphics screen, typing ‘P’ or 'p’ will cause
the plot to be copied to a printer (which must be an Epson-
compatible graphics-capable printer in the standard printer
port) . Hitting any other key will cause a return to the text
screen.

I1f you select <0>, you will be presented with a series of
questions for setting variables that control how the data is
plotted, including what units will be used (which affects the
tabular output as well -- see <F6> and <F8>), where the legend is
located, and whether the commanded or actual data is shown.

First, you will be presented with the selection of units for
time, looking much as below:

Time units:
<0> (User defined)
<1> Servo Cycs
<2> Sample Pds
<3> Seconds
<4> Minutes _
Current setting is <3>: Seconds.
Enter you choice (return to keep):

Here you enter a number from 0 through 4 to make your selection.
If you choose <0> to define your own time units, you will be
asked for the name of your units, and then for the number of
seconds in one of your units (e.g. you could define millisecs as
having .001 seconds).

Following this, you will be presented with similar selection
options for position units, velocity wunits, and acceleration
units, where the choices work identically.

Next you will be asked if you wish to show the actual data read
from the encoder, or the commanded data created by the trajectory

generator. You must have following error data to have the choice
of command data (actual position + following error = command
position). If you have set this variable to show command data,

and you then bring in data without following error, the variable
will automatically be set back to show actual data.

Afrer this, you will be asked if you want to display a graticule
superimpcsed on your plot (for aid in measurement), then in which
corner of the plot you wish to show the legend. Finally, vyou
will be returned to the Plot Options menu.

If you select item <9> from the Plot Options menu, you can build
your own plot from the variables available. You will be
presented with a list of these variables, some or all of the
following, depending on what has been brought into the computer:
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<0> Time

<1> Position

<2> Velocity

<3> Acceleration
<4> Following Error

X

X

X

X
<5> Y Position
<6> Y Velocity
<7> Y Acceleration
<8> Y Following Error
<9> Last Special Plot
First, you will be asked which of these variables you wish to
plot on the horizontal axis (all of the standard plots use time).
Indicate your choice by entering the number of the choice.
Second, the program will ask you which variable you wish to plot
on the vertical axis (time is not available as a choice on the
vertical axis). Enter the number of your choice. Entering <9>
will give you the last special plot you defined, without any
further guestions.

Next it will ask you if you wish to plot a second variable
vertically against the horizontal wvariable. If you answer
positively ('Y’ or 'y’), it will ask you what the second vertical
variable is, and again you enter the number of your choice.

If your two vertical variables are of the same type of unit (e.qg.
both velocity, or position and following error), you will be
asked how you wish to do this double plot. The choices are:

<0> Plot curves separately, same scale
<1> Plot curves separately, diff. scales
<2> Plot sum of curves

<3> Plot difference of curves

Choosing <0> will produce a plot with two curves plotted with
respect to the same vertical scale. Chocsing <1> will show two
curves, the first plotted with respect to the left vertical
scale, the second with respect to the right vertical scale. A
choice of <2> will yield a single curve that is the sum of the
two vertical variables. A choice of <3> will show one curve with
the second variable subtracted from the first.

If the two vertical variables are of different types of units,
they will automatically be plotted as separate curves on
different scales.

If you have collected data using the SPECIAL DATA option, and the
variables were four bytes each, you may be able to use this
routine profitably, although the titles will be misleading. You
may have to experiment with the unit scaling to get the output
you desire.
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<F5> - DISPLAY RAW DATA

This key lets you see the collected data in ‘raw’ form, that is,
just as it was gathered from the card, before it was separated
into variables and scaled. For some SPECIAL DATA sets, this may
be the only meaningful way to examine the data. It is shown in
hexadecimal form with a line looking like this:

a4b4 e0 cB 13 00 20 00 00 00 80 c7 13 00 40 00 00 00

The first four digits show the starting address of the line in
the data storage buffer of the card. Each pair of digits
following is the hexadecimal representation of a byte of memory.
For the standard collected variables of position and following
error, these are grouped in sets of four bytes (least significant
byte first) to form a 32-bit value.

NOTE: This routine must re-access the card or disk from which the
data came, sO the source must be available to the program
throughout the routine.

The data is displayed one screen (twenty-three lines) at a time
in the left window. At the bottom of the right window are shown
the keys that allow you to move between screens of data. The
keys are:

PAGE DOWN ~ Show the next page of data
PAGE UP - Show the previous page of data
END - Show the last page of data

HOME - Show the first page of data

ESC - Exit this display routine

(Any other key) - Same as PAGE DOWN

<F6> - DISPLAY DEC DATA

This key allows you to view the data on the screen in formatted
and scaled form. Since this often requires the full screen
width, it will be displayed without the standard frame. First, a
page of instructions will be displayed in the left window. When
you proceed, the data will be shown one screen (twenty-three
samples, or lines) at a time, with a title row and a units row at
the top of the screen. The keys to control movement between
screens of data are the same as those for the display of raw

data, but there will not be a menu continually shown, because the
data takes up the full screen.

The units and scaling of the variables are the same as for

plotting. These can be changed in the ’‘Plot Data’ section (see
<F4>, option <0> above).

If you have collected data using the SPECIAL DATA option, and the
variables were four bytes each, you may be able to use this
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routine profitably, although the titles will be misleading. You
may have to experiment with the unit scaling to get the output
you desire.

<F7> - PRINT RAW DATA

This key allows you to print the data you have collected in its
original unformatted form to an ASCII printer at the standard
printer port. The printout can be aborted by hitting the ESC key
during the print. For more details see <F5>, above.

NOTE: This routine must re-access the card or disk from which the
data came, so the source must be available to the program
throughout the routine.

<F8> -~ PRINT DEC DATA

This key allows you to print the data you have collected in
formatted and scaled form to an ASCII printer at the standard
printer port. The printout can be aborted by hitting the ESC key
during the print. The units and scaling are governed the same
way as in the display of formatted data (see <F6> directions,
above) .

<F9> - SYS COMMANDS

This key &allows you to perform DOS system commands without
actually exiting the program. It is particularly useful here to
examine directories for disk files. You can return to the
program by hitting <ENTER> or <ESC> at the command prompt.

<F10> - PLOT HELP

This key lets you view a help screen that is a brief summary of
the instructions in these pages.

8) DMA COMMUNICATIONS

SMCC-P provides a DMA (Direct Memory Access) Communications mode
in order to allow rapid transfer of data to and from the host
computer.

The DMA mode 1is always potentially active. Parameter 119
(Address of Last Card), whose default value is "0" and can assume
a value of "0O" to "f", is used by the cards during data

reception and the automatic answer back cycle to receive and send
"packet" data at high rates of four to five microseconds per
cheracter. Card addresses need not be consecutive but the "empty
slots™ will waste communications time.
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All communications in DMA mode are in binary format and
consist of either X and Y parabolic commands with position and
velocity, o©or non-parabolic, position only moves including the
CIR4 three-point smoothed data mode. To select Parabolic
(position + velocity) versus Standard (position only) mode, use
the i63 parameter as follows:

i63 0 selects the Parabolic mode
163 1 selects the Standard mode

Note that position or status data sent from SMCC-P to host are
not affected by i63.

A. DMA, BHBost to SMCC-P

Data can be transmitted via RS232 or parallel port by the
host and may be either placed in the program buffer of SMCC-
P or be executed on-line by placing SMCC-P in the MDI mode
(i02 set to 1).

To start a DMA transmission assuming Parabolic position
mode: position and velocity 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:

Bytes of X Position Data
Bytes of X Velocity Data
Bytes of Y Position Data
Bytes of Y Velocity Data

Wb W

Data format is Dbinary LSB first, MSB last. The position
data for Dboth 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, wvelocity

data 1is not sent, and the total transmission will consist
of:

<CNTRL B> + (8 Bytes x Number of Cards)
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The data transmission rate with parallel port is
approximately five microseconds per character. RS232
transmissions occur at the selected Dbaud 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.

B. DMA, Binary SMCC-P, to Bost

To receive position data back from SMCC-P, the host
computer idissues . a <CNTRL C> _(03H) .character. Upon
reception of <CNTRL C>, the A0 card immediately begins
transmitting binary data consisting of four Dbytes 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 1issue a “space"
character (or any other character) to cause card Al to
transmit its eight bytes of data. If must continue to do

this until all cards have transmitted their data.

To regquest status data back from SMCC-P the host computer

issues a <CNTRL D> (04H) character. Upon reception of
<CNTRL D>, the A0 card immediately begins transmission of
its eight bytes of status words. The host then sends a
"space" or any other character back to SMCC-P in order to
receive eight status bytes from the next card. It continues

until all cards have sent their status back. See Paragraph 9
for the contents of the status word.

To request the Pl and P2 parameters back from SMCC-P, the
host computer issues a <CNTRL E> (05H) character. The A0
card immediately begins transmission of eight bytes: first,
four for Pl, then four for P2 (least significant byte first
for each), straight binary coded. The host sends a
character to the SMCC’s, the Al sends eight bytes, and so
on. (The SMCC-VME sends P1-P4 --16 bytes-- from each card.)

The difference in transmission of status between the DMA
binary mode and the ASCII mode is that in ASCII each byte of
status 1s 'sent as two 4 bit nibbles each; in hex ASCII
format with most significant nibble first. Total status
transmission is 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 regquested to send data back with the "?" Command.
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The SMCC-P
of four.

Status transmission

is

transmits eight bytes of status infermation
initiated by the hecst

instead
seng-

ing "?" and <CR> characters in ASCII mode or by sending a <CNTRL
D> character in binary DMA mode.

Rit

0

1

2

3

4

5

6

5

Bit

0 (X)
1 (X)
2 (X)
3 (X)
4 (X)
5 (X)
6 (X)
7 (X)
Bit

0

1

2

3

4

5

6

5

Bit

0

1

2

3

4

5

&

5

For
shown

comparison ’

PARABOLIC STATUS BYTES

feb5
Home Complete (Y)
Home Complete (X)

. Continnous Move

Block Reqguest (MDI mode)
Auto Divide
Feed Hold
Running (any move)
Timer Active
feb?
Jog Pos.
Jog Negative
Limit Pos. (soft or hard)
Limit Neg. (soft or hard)
Follow. Err.(il0 exceeded)
I2T Limit (low true)
Not In Position
Zero Velocity (commanded)
feb9
Edit Mode

Insert Mode
Extended Read
Circle Mode
Wait (X)

Wait (Y)
Backlash (X)
Backlash (Y)

febb
Servo Pointer
Servo Pointer
Servo Pointer
Dwell Request
Home in Progress
Dwell in Progress
Continuous Move Reg
Memory Request

below.

(Y)
(Y)
(Y)
(Y)
(Y)
(Y)
(Y)
(Y)

(until capture)

purposes the Standard SMCC’s
The Standard SMCC does not support DMA

febé
Time Mode (not feedrate)
Single Step

Buffer Full

Parabolic Mode
Limit Switch

Not Ready (X)

Not Ready (Y)

Not Ready For Move

feb8
Jog Positive
Jog Negative
Limit Pos. (soft or hard)

Limit Neg. (soft or hard)
Foll. Err. (il10 exceeded)
I2T7 Limit (low true)

Not In Position
Zero Velocity (commanded)

feba
Auto Divide Regq.
Extended Move Flag
Extended Move Flag
Home Has Been Done Flag
CCW Circle
Circle > 180
Posit. Frozen (after
Sub. Buffer Open

~V)

febc

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

Servo Pointer
Servo Pointer
status Dbytes are
Capability

so ASCII communication must be used to receive status data.
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Bit febS feba

0 Home Y complete Time Mode

1 Home X complete Single Step

2 Block Ready Buffer Full

3 Block Request Circle > 180

4 Circular Motion CCW Circle

5 Feed Hold Circle Mode

6 Running Feed Hold

7 Auto Divide Not Ready For Move
Bit febb febc

0 Jog Positive (X) Jog Positive (Y)

1 Jog Negative (X) Jog Negative (Y)

2 Open DAC Mode (X) Open DAC Mode (Y)

3 I2T Limit (X) I2T Limit (Y)

4 Following Error (X) Following Error (Y)
5 Not Stopped (X) Not Stopped (Y)

6 Not In Position (X) Not In Position (Y)
7 Zero Velocity (X) Zero Velocity (Y)

10) EAROM SAVE

The SMCC-P, unlike the Standard SMCC, does not save the

assigned values of C functions, M functions, and variable (P)
parameters in the 512-byte EARROM which is standard on all
SMCCs. In order to save these variables and functions on the

SMCC-P, Option 2 (8K permanent memory) is required. This does
mean, however, that with only the 512-byte EAROM, approximately
80 lines of motion programs and subroutines can be permanently
stored. In contrast, the Standard SMCC can only store seven
lines of program in the small EAROM. PLC programs cannot be
stored in the 512-byte EAROM.

11) EFFECTS OF "t" or i08

A. In the Standard SMCC the 108 (I08) and the "t©
Commands have identical functions and their effects are as

follows:

1. "t"™ or 108 is the accel/decel time for all calculated
moves, as well as jog. A "t" Command changes the value
of 108, and an 108 Command overrides the last "t"
Command. '

2. A t/i08 time 1is added between consecutive Dwell
Commands (it is not added to a single Dwell Command).

3. All moves take a minimum of t/i08 time to get executed.

4. The "g" (Abort) Command uses the t/i08 time to

decelerate to a stop if 111 (Feed Hold Slew Control) is
set to a 1.
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SMCC WITH PARARO
CAPABILITY (SMCC

5. If i11 = 1, the i08 time controls the deceleration on
hitting a hardware or software limit or on receipt of
an "H" (Feed Hold) Command, during a jog nmve..(The
deceleration for an "H" Command received during a
calculated move is controlled by the SLEw.valge.) 1f
ill = 0, all of these decelerations occur immediately.

6. The t/i08 time is used to segment circular moves.

The SMCC-P uses the 108 and "t" Commands differently as
follows:

1. The i08 parameter is used to initialize the "t" Command

on power turn-on or reset. Thereafter, 108 only
affects the jog accel/decel time.

Once a "t" Command is executed, "t" is used to control
all calculated move accelerations and decelerations.

There is no "t" time inserted between consecutive dwell
commands.

All "zero" and "small®™ moves still require a "t" time
for execution. "t" sets the minimum time in which a
programmed move will take place.

The deceleration after "g" (Abort) and "H" (Feed Hold)
Commands, and after hardware or software limits is
handled the same as in the Standard SMCC (using 108).

The "t" Command is used to segment circular moves into

parabolic move segments. This is essentially
transparent to the user, and works well over a wide
range of "t" wvalues. However, the user is advised to

keep "t" small, since there is = slight backup at the
beginning of a circular move if t is a significant

fraction of move time T. The size of this backup is
R * (1 - cos0)/108, where 0 = 180 degrees * t/T. For
example, 1if R = 10000 counts, t = 100 and T = 1000,

then 0 = 18 degrees and the backup i1s 4.5 counts. If t
were reduced to 25, the backup would be 0.3 counts
(which means non-existent).

The "t" Command is used to define the move time in

parabolic motion mode and in the CIRCA4 "3-point
smoother" mode.

Parabolic introduces 112 as "Move Delay/Calculation
Time" which it uses to achieve better multi-axis
synchronization and a predictable calculation time. If
the "t" time is less than the 112 time, calculations
between blended move segments must be done in "t" time.

If they cannot be finished in this time, the card will
lock up.

183

v v~
dade

-P) a




SMCC WITH PARABOLIC
CAPABILITY (SMCC-P)

12) "C" COMMAND

The "C" Command is used in the Standard SMCC to provide a means
of generating off-axis (tilted) ellipses. SMCC~P does not
provide this facility and therefore these types of ellipses must
be generated by using either parabolic commands or be derived by
a series of 3-point smoothed points using the CIRC4 Command.

13) PARALLEL BINARY POSITION

SMCC-P is capable of accepting B8 to 23 bits of parallel binary
data for position information of the X and/or Y axis. This
feature is primarily used with Absolute Binary Optical encoders
and Temposonic Position Transducers. SMCC’s Accessory 14 Board
or MCC’s Option 7 Board may be used to receive the parallel data
from the encoder. The SMCC-P reads 16 bits of data at a time,
left shifts it five places for a net reading of 12 sign extended

binary bits to be used for positioning data. Only one binary
position input per axis can be handled. Parameters i164[i65],
i70{i711}, 17201737, i76[1i77] are used to control parallel

binary positioning.

14) GEARED RESOLVERS

Many systems use multiple resolvers (two resolvers with gear
ratio) to determine absolute position on large machines. The
resolvers are commonly referred to as coarse and fine and require
individual R/D converters. The SMCC-P is capable of combining
the R/D readings from each of the resolvers in order to derive
an absolute position as large as 23 bits total. The gear ratio
between resclvers can be from 1 to 255. Parameters 164[i65],
i66[i67], 168{i68]), 170[i71]), 172{i73)}, and 1i74[i75] are used to
control the functions of the single- or multiple- resolver
system. SMCC’s Accessory 14 may be used to convert two resolvers
simultaneously. If the X and Y axes must both have geared
resolvers, two ACC-14s may be used to satisfy the requirement.
See the 1 parameter definitions and the "Use of Absolute Encoders
and Resolvers" section of the manual for more details.

15) RANGE MODE CONTROL

The Standard SMCC has position range control parameters i37[i57)
which place it in a position rollover mode where a position range
can be specified and the SMCC will automatically handle all
motions within that range and go from one position to another
using the shortest distance. This mode 1is wuseful in rotary
tables where a range of typically 360000 is specified. SMCC-P
has the same capability but adds a new mode of operation within
the range. i78[179] controls whether the shortest distance
inside the range will be taken when a position is specified
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(178[179]) = 0) or whether an absolute position move will.be made
with controllable motion direction (i78[i79] = 1) depending upon
the sign of the specified absolute move.

16) "GO UNTIL"

The SMCC-P provides a new set of commands for X- and Y- axis
moves which allows an external trigger on the X user flag input
to switch the SMCC-P’s move from a primary move to a secondary

incremental move. If the trigger is not received during the
primary move, the SMCC will generate an "Error 5" and set the
"Error" 1line. This can be cleared by sending a <CR>. The

command format is:

X primary position”Secondary delta position
Y position”delta position
X position~delta position Y position~delta position

NOTE: Both X and Y are triggered by the X user flag input, and X

and Y may be absolute or incremental. X/U/AX/WX or
Y/V/AY/WY may be used.

If SMCC-P is 1in feedrate mode ("F¢ Command), the entire

move including the "Delta position" will be executed at the
same speed.

If SMCC-P is in time mode ("T" Command), then the entire
move including the "Delta position"™ will occur in the
specified T time. Depending upon when the trigger is
received, this may cause the "Delta position" move to be
made slower or faster. The trigger may be received and
acted upon even during the deceleration position of the
primary move until "Zero Velocity" status is reached. I1f

the trigger arrives just before the move ends, the SMCC-P

will use the 112 parameter “Calculation Time" to extend the
move.

Use the 126 parameter, "Set Home Flag", to choose a variety
of combinations of the home flag, the encoder "C" channel,

and the "X User Flag" to trigger the SMCC-P during the "Go
Until" Command.
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OVERVIEW

The primary position feedback for SMCC is the incremental A/R

quadrature encoder. The maximum pulse rate for the position
encoderf’s A and B inputs is 500 KHz. Even though the SMCC can
decode the input by one-, two-, or four-times decoding the

maximum count rate the SMCC can measure is only one MHz (not two
MHz as might be expected) due to counter limitations in the CPU
itself.

The SMCC has a total of four encoder channels, two of which are
used for position feedback of the X and Y axes and two for
"handwheel™ encoder inputs. The handwheel encoder channels do
not have the same count rate limitation and therefore can count
at a rate of two MHz (500 KHz x 4).

All encoder channels are capable of X1, X2, and X4 multiplication
with direction sense reversible, and a special mode where instead
of A/B gquadrature pulses, pulses are accepted in Channel A and
direction control in Channel B. All of these operating modes are
controlled by 1 parameters.

In addition to A/B guadrature encoders, the SMCC is able to use
absolute parallel binary position input of 8 to 23 bits from an
optical encoder or other source, or single or dual resolvers, for
position feedback. To accomplish this the SMCC requires ACC-14
for Parallel Binary or ACC-14 with ACC-15 installed for
resolvers. Each of these is described below.

1) ©USING ABSOLUTE PARALLEL BINARY POSITION ENCODER

An Accessory-14 board may be used with SMCC in order to
enable it to read and use Parallel Binary data as position
feedback input. The number of bits that can be handled is 8
to 23 bits and these must represent the total range of

actual position travel of the axis being controlled. The
absolute encoder, therefore, rotates one revolution or less
for the entire travel of the machine. The source of the

data can be any device which generates parallel binary bits
indicating position; most commonly this is a single disk
absolute Dbinary encoder, or an encoder where two or more
encoder disks are combined to provide the total number of

bits needed in the application. The SMCC will not accept
Gray-scale binary data; data of this form must be converted
to Standard binary external to the SMCC and ACC-14. The

data can be also be derived from an LVDT or a potentiometer,
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provided that an external A/D converter is used so that the
input voltage from the LVDT or the potentiometer is
converted to a parallel binary word.

The assumption is made that the word "absolute"™ here refers
to the entire travel of the axis so that the binary position
data 1is incrementing from zero to a maximum number. Please
note that the zero of the absolute encoder does not have to
be mechanically adjusted to be at the actual zero position
of the axis since SMCC provides a position bias offset
number which can be used to create a zero anywhere along the
axis. See 170[i71] for encoder bias description.

The number of parallel binary bits to be used in an applica-
tion is a function of the required resolution for the axis
being controlled. For example, if a 16 bit absolute encocder
is used and the total axis travel is 65 inches, then the
encoder will provide a resolution of Jjust under .001 inch
per bit.

In order to follow the subsequent description, please refer
to the "Single Absolute Binary Encoder Connection to SMCC"
block diagram. Assume we are to connect two absolute binary
encoders to the SMCC for the X and Y axes.

Please note that any combination of encoders can be used for
the X and Y axes, such as incremental (A/B quadrature) on X
and absolute on Y, or absolute on X and resolver on Y, and
SO on.

The absolute encoders must have single-ended TTL (0 to +5
volt) output data, eight bits minimum and 23 bits maximum.
The data output polarity may either be true logic (1 = +5
volts) or false logic (1 = 0 volts), the SMCC 176[i77)
parameters allow the user to invert the data or not before
the SMCC uses it. The output data from the encoder must also
be controllable by an external signal (strobe) which can be
used to "freeze" the encoder data while the SMCC is reading
it. 176[1i77] also allows the selection of strobe output
polarity. The strobe output polarity from SMCC can be
specified and as many as eight lines may be paralleled at
the ACC-14 in order to stiffen the strobe line’s sink
capability so as to provide a clean "“freeze" command to the
encoder. The strobe output from the ACC-14 is one line if a
23-bit encoder 1is used, two lines if 22 bits are used, and
is a maximum of eight lines if a 16-bit or less encoder is
used.

Proceed to wire the parallel data lines for the X encoder to
the ACC-14 Jl connector using shielded cables and the Y
encoder to J3. Use the block diagram and its instructions.

It must be realized that the wiring of the absolute encoder

is very critical since this type of encoder is much more
subject to noise pickup than an A/B guadrature encoder. It
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SINGLE ABSOLUTE BINARY ENCODER CONNECTION TO SMCC FOR X &Y AXIS

it
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is important to isolate the case of the absolute encoder
from the motor case and shaft as well as the machine
structure in order to prevent electrical noise pickup; it
may be necessary to use non-conducting materials to couple
the absolute encoder to the machine’s structure. It is also
imperative to use well-shielded wiring between the encoder
and ACC-14.

The 1 parameters of the SMCC must be set up to configure the
system correctly. Please refer to the SMCC’'s 1 parameter
section in order to set up the 164 [i65), 170[i71),
i72[173], and i76[1i77) parameters properly.

In operation the SMCC will read the actual absolute position
of the parallel encoder once upon turn-on or reset and apply
the specified position bias to it if one has been entered.
It will then set its current desired position to that
obtained from the initial reading. This is what sets up the
"absolute™ position so that SMCC knows where it is upon

power turn-on. Thereafter the SMCC will read only the
sixteen least significant bits of the encoder and drive
its position incrementally from these bits. The SMCC will

also read all specified encoder bits and set the absolute
position when it is dissued the online "$" Command (Soft
Reset) .

In all other respects, once configured correctly, the SMCC
with absolute parallel binary position feedback can be
programmed and operated as if an A/B quadrature encoder were
being used.

USING RESOLVERS

A resolver 1is a device which utilizes magnetic coupling
principles for its operation. It requires an excitation
signal in response to which it outputs sine and cosine
signals (S0 degrees apart) whose amplitudes are used by the
R/D converter to determine the rotating shaft'’s angular
position. Other types of resolvers exist which output
phase-shifted sine/cosine where the phase shift is a
measurement of angular position; these are not as common,
and the SMCC’s ACC-15 is designed to operate with the first
type described above, where sine/cosine amplitudes are used.

The resolver’s best attribute is that it is a passive device
(no electronic components are used inside the resolver), so
that it 1s very rugged and can withstand the abusive
conditions on a machine, such as high temperature, shock,
and vibration. Also, because its outputs are measured in a
ratiometric manner, it can also withstand the electrically
noisy machine environment better than an absolute encoder.
Its cost 1s generally higher than an encoder system,
especially when the conversion electronics, located at the
controller, is taken into account.
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The resolver is in effect a one-revolution absolute encoder
since its current shaft position is immediately known upon
power turn-on. Another characteristic of the resolver is
that it is available in multi-pole versions such that each
revolution of the shaft produces more than one cycle of
sine/cosine; these are known as multi-speed resolvers. The
following is a summary of commonly available resolvers:

Single-Speed, Two-Pole - Produces one sine wave cycle per
revolution
Double-Speed, Four-Pole - Produces two sine wave cycles per
revolution

Triple-Speed, Six-Pole - Produces three sine wave cycles per
revolution

When an R/D converter is used to determine the shaft angle
position of a resolver, each "cycle" or complete sine wave
represents a zero-to-maximum count range. SMCC’s ACC-15 can
have resolutions of 10 to 16 bits selectable in increments
of two bits. Therefore the resolutions can be:

10 bits - 1024 counts/cycle
12 bits - 4096 counts/cycle
14 bits - 16384 counts/cycle
16 bits - 65536 counts/cycle

If a two-pole resolver is used, one cycle is the same as one
revolution, so the count resolution is now based on one
revolution of the resolver. A restriction applies to the
selection of the encoder or resolver to be used if a
Standard SMCC will be doing the actual phase commutation of
the motor to be driven. This is that a whole, non-
fractional number of encoder or resolver counts is required
per electrical revolution of the motor being commutated.
When driving a six-pole motor, unless a six-pole resolver is
also used, the division by three makes it impossible to
obtain a whole number. The Parabolic SMCC can handle this
situation if you set 150 to 1 and 140 to the number of
counts in three electrical cycles (instead of one).

In all other cases, a single- or double-speed resolver may
be used. A single speed is preferred since one revolution
represents one full count cycle and the resolver’s zero
position can be used as a once-per- revolution marker, the
same as the "C" Channel in a quadrature encoder.

Another possibility exists with resolvers in that if a
single, directly coupled resolver is used on the motor, it
only provides absolute position for one revolution of the
motor. This is sufficient when the amplifier is using the
resolver to derive sinusoidal phase commutation for the
motor, but it does not provide an absolute position for the
machine since wusually many revolutions of the motor are
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USE OF ABSOLUTE PARALLEL
BINARY ENCODER OR RESQLVERS

required to travel the full length of the machine. 1In order
to obtain absolute position information, a common approach
is to use two resolvers with a gear reduction between the
"fine"™ and "coarse" resolver. The "fine" resolver is the
one revolving at the same rate as the motor; it is direcrly
coupled to the motor and the "coarse" resolver is gear-
reduced 2 to 256 times so that it revolves not more than
once over the entire travel of the machine. The SMCC 1is
capable of processing the data obtained from the the two
resolvers and deriving an absolute position representing the
machine’s actual position.

Please refer to the "Single Resolver Connection to SMCC" and
"Dual Resolver Connection to SMCC" block diagrams for a
complete description of all necessary connections to SMCc,
the ACC-14 and ACC-15, as well as the i parameters involved
in the correct setup of the resolver application. Please
refer to the SMCC manual for a detailed description of i
parameters.

When using an absolute parallel binary encoder, only an ACC-
14 is needed to read the incoming data; to use resolvers,
one or more ACC-15s are needed. The ACC-15s plug into the
ACC-14s’ J6 and J7, 1iSBX connectors. They provide the
necessary excitation (5 KHz sinusoidal at five volts RMS
amplitude) and the decoding for the signals from the
resolver (which should be a sine and cosine, at two to eight
volts RMS amplitude). The decoding resolution of the ACC-15
is software controlled by the SMCC’s i parameters and
provides 10, 12, 14, or 16 bits of position resolution per
cycle (or revolution, if a two pole resolver is used) .
Please note that as the resolution is increased, the maximum
RPM of the resolver is reduced; at ten bits the maximum RPM
is 62,000, at twelve bits it 1is 15,600, at fourteen bits
3,900, and at sixteen bits it is 975 RPM. All of these RPMs
coincide with SMCC’s maximum input data rate, which is one
MHz for position pulses being received.

The ACC-15 provides the decoded position data as a binary
16-bit word so SMCC can read it and establish its absolute
position. However, as is done in the case of the absolute
encoder, SMCC reads the absolute data from the resolver once
upon power turn-on or reset and then relies on an A/B
gquadrature pulse generator which is on the ACC-15 and which
provides incremental pulses derived from the absolute data
read by the R/D converter. The SMCC then uses these A/B
quadrature pulses as 1f an incremental encoder were
connected to it. This includes the "C" Channel or once-per-
revolution pulse found on an encoder. These connections are
made from the J2 connector of the ACC-15 to the J1 (J MACH)
connector of the SMCC. The actual absolute position may be
reloaded by issuing the online "$" Command (Soft Reset) to
the SMCC. Here also SMCC provides a position bias adder,
1i70[171), which can be used to set the absolute zero
position read by the resolvers to coincide with the machine
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BINARY ENCODER OR RESQLVERS

zero without having to physically rotate the resolver to its
zero position.

Once the resolver setup has been completed, all operations
of SMCC are transparent to the user and the SMCC can be
programmed and commanded as if a single A/B gquadrature
encoder were being used.

ACC-14 and ACC-15

Please refer to the individual manual and drawing for these
devices. The following is an overview of their usage for

parallel binary input data and resolvers.

Each SMCC can support up to four ACC-14s connected in daisy-
chain fashion to the J8 (JEXP) connector. The ACC-14 has “E
Point™ Jjumper selections, El and E2, for allowing it to be
placed at one of four address spaces supported by SMCC. The
four base addresses are: 64768, 64832, 64896, 64960. of
these, due to hardware limitations, only the last three can
be used, so do not use 64768 because it may cause erroneous
data to be transmitted to SMCC. The connecting cables
should be no longer than 12 inches to ensure proper
communications. The SMCC will provide power to the ACC-14s
over the cable. If any ACC-15s are used, the SMCC must be
provided with +/-15V so these can be passed over the cables
as well.

When using ACC-14 to read parallel binary data, the J1
and/or J3 connectors may be used as shown in the block

diagram titled "Single Absolute Binary Encoder...". The
address for Jl is Base address + 0, and for J3 it is Base
address + 3. So, 1f the ACC-14 were located at address

64896, then the Jl connector’s address would be 64896 and
that of J3 would be 64889 and these would be the addresses
to be used in the 1 parameters requiring base address
specifications. The user may connect the X or Y axis to Jl
or J3 as he wishes. As long as the 1 parameters are
specified correctly, the SMCC will receive the correct data.

When using ACC-14 with ACC-15 to read rescolvers, the
ACC-15s should be plugged into the J6é and J7 connectors of

the ACC-14 (iSBX connectors). See Dblock diagrams titled
"Dual Resolver ..." and "Single Resolver..." for actual
connections. Note that the J6 connector is addressed as
Base + 32 and J7 as Base + 16. Therefore, 1f the ACC-14
were located at 64960, the J6 connector would be at 64992
and the J7 connector at 64976. If both axes, X and Y, of
SMCC are to be used with two geared resclvers each, then two
ACC-14s must be used each with two ACC-15s. The i

parameters are used to tell the SMCC what the configuration
is and where to read data for each of the resolvers.
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USE OF ABSOLUTE PARALLEL
BINARY ENCODER OR RESOLVERS

The following chart is a summary of all position-feedback
devices that may be used with SMCC. It is provided as an
overall guide for selecting a position feedback device for
various applications.
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POSITION FEEDBACK DEVICES

MAX. DEVICE . |

DEVICE TYPE PULSE RATES SMCC USAGE/MERIT

| I
| | ' .
Incremental |100 to/250|Direct Connect, Differential

A/B Quad.
Rotary or

Linear En-— | KHz lor Single Ended
coder | |
| ILowest Cost, Most Available
| |IMost Widely Used
Absolute/ |Absolute, /1100 KHz/to|Use ACC-14 Parallel Data
Encoder I8 bits min.| 1 MHz | Input
Optical |23 bits max| | o
| | IProvides Absolute Position
| | |Information
Resolver |Absolute/ | 1 MHz Use ACC-14 and ACC-15
|Incremental | |
ISingle or | IVery Rugged and Reliable
IMulti-Speed]| |
Laser fIncremental]| 1 to/64 IDirect Connect.
Inter- | | MHz ITf A/B Quad. Output
ferometer | I |Provided; or Use ACC-14
| | |If Parallel Data Available.
| | ISMCC limits operation to 1MHz
| | |for A/B Quad., and 2 MHz for
| ! |[Parallel Input. .
Farrand |Absolute/ | 1 MHz I|[Highest Resolution, Fastest
Inductosyn [Incremental | |Speed, Highest Accuracy.
ISingle or | IUse ACC-14 and ACC-15. May
IMulti-Speed] IRequire Pre-amplifier For
| |Sine/Cosine Feedback Signals.
I I
|Very Accurate, High Resol.
Sonic Incremental N/A IIf Transducer has A/B Quad.
Transducer |Converter, Direct Connect.

I
I

I

I

I

I IIf Transducer has Parallel

| IBinary Data Output, use

I |Acc-14. SMCC does not

I Isupport pulse-to-distance

I conversion.

I I

| [Very Rugged, Used Mostly
| lin Hydraulic Cylinders, Slow
|

I

I

|

|

|

I

|

I

|

!
!
!
|
!
|
I
|
I
I
I

|
Potrtentiometer |Absolute
I
I
|
|
LVDT |Absolute
I
I
|

|Update Rate

N/A IUse Option 7 with 12-bit A/D
IConverter to Read Position
I
ILow Cost, Subject to Wear
land Drift

N/A |Use Option 7 with 12-bit A/D
I[Converter to Read Position
|
|Accurate, Reliable, Rugged
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MEMORY AND I/0O MAPS

S22 3222222 RRRRRRR Rt IRt SRRARREREER TR S RRRSRRRRRRRRRRE ]

SMCC I/0 MAP

R AR AR R A AR R A R R R A R R A A A R R R R AR R R A R AR AR R AR R AR AR A AR AR R A R AR AR R R AR AR R AR ’ ’g
CPU BITS
PO.7 PO.6 P0.5 P0.4 P0.3 P0.2 PO.1 P0.0
| | | | l l l | l
f£f01 | IPOS/ | FERR | MOl | I2T/ | DREQ | XX | STEP | STRT |
| |
| ABORT |
CPU MUX BITS
SERVO 1 =1 SERVO 2 = 1
P0.7 PO.6 P0.5 P0.4 P0.7 P0.6 P0.5 PQ0.4
| | | | ! | | l l
ffl3al| XJMI | XJPL | XPLL | XMIL | YJMI | YJPL] YPLL | YMIL ]
| | | I | | | |
| "HOME"™ | | HOLD [ | M= | ] HOLD |

GATE XJMI and XJPL = Start Home Cycle (HOME,h)
YOJMI and YJPL = Return to Prejog Position (=)
Any pair of limits together = Feed Hold
STEP and STRT = Abort at End of Move

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
ffb4: MO3 : MO2 : XX : XX : XX : XX : XX : XX :
fbe: MO5 : MO4 : XX { XX : XX : XX : XX t XX :
ffb7: YUFL/% YHFL/: XUFL/: XHFL/: MI4 : MI3 : MI2 : MI1 :

PARALLEL PORT BITS

DB7 DB6 DBR5 DB4 DB3 DB2 DB1 DBO
fbe: DATY : DAT6 : DATS : DAT4 : DAT3 t DATZ: DAT1 1 DATO {
ffb9: SELY : SEL6 : SELS : SEL4 } SEL3 1 SELZ: SEL1 } SELO }
GLT BITS

DB7 DB6 DB5 DB4 DEB3 DB2 DB1 DBO
ffbc: XX : XX : RSL : WSL : MWATIT : MI7 : MIG6 : MI5 :

BIT MAP FOR MAPPING (MOn = Mnn) AND (MIn = Mnn)

When 1n set-up mode, the SMCC automatically sets up the
following:

C01 = ff01 DEFINE MI1l is M1l = C04.0 DEFINE

C0z = ffb4 ADDRESSES MI2 is M12 = CO04.1 INPUTS

C03 = f£fb5 MI3 is M13 = C04.2 AT

C04 = f££fb7 MI4 is M14 = C04.3 ADDRESS

C05 = ffbc MI5 is M15 = C05.0 AND BIT.
MI6 is Ml6 = C05.1

MOl is MOl = CO01.5 DEFINE MI7 is M17 = C05.2

MO2 is MO0Z = C02.6 OUTPUTS

MO3 is MO03 = C02.7 AT

MO4 is MO4 = CO03.6 ADDRESS

MOS5 is MO05 = C03.7 AND BIT.
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SMCC MEMORY BIT MAP (STANDARD)

Y222 X2 R AR RRRR SRR SRR RERRRRRRRRERSRRRRRRR R R R R RaR RS

EXTENDED STATUS BITS
DB7 DB6 DB5 DB4 DB3 DB2 DRI DBO
I I I I | I I | I
fe20 |BACKZ | BACKl [WAITZ2 |WAIT1 |INSERT| EDIT | EXREAD|ADREQ]
STATUS BITS
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DRBO
I I I I | | I I |
feb8 {ADIV | RUN [FHOLD |CIRIP |BLKREQ|BLKRDY| HOMEl |HOME?2 |
I I I | ! I I I I
feba [NOTRDY|] LIMIT |CIRCLE|CIRDIRICIR180| RFULL| STEP |TMODE|
I | | I I I I I I
febb |RVZ1 | NIPOS1|NTRDY] |FE1 | I2T1/] ODACl| JOGM1 |JOGP1 |
[ | I I I I I I I
febc |RVZZ2 | NIPOS2|NTRDY2|FE2 | I2T2/| ODAC2| JOGM2 |JOGP2|
SERVO CONTROL BITS
DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
I | I | | I I I I
febd |MEMREQ|] DWEREQ|STPREQI!DWELL | XX I XX | XX [ XX I
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SMCC MEMORY BIT MAP (PARABOLIC)

AR A AR AR R AR A A R A A A R A A A P R A N A SR R R R R A AR A R A AR AR R A B AR AR AR A AR AR AR AR T R R

o ’

STATUS BITS
DB7 DBé6 DB5 DB4 DB3 DB2 DBl DBO

| I I | | | I I
| TIMER | RUN | FHOLD |ADIV | BLKREQ|CMOVE |HOME1l |HOME?
I [ | I I I I I

feb6 | NOTRDY |NTRDY2| NTRDY1|LIMIT| FRATE |BFULL |STEP |TMODE
| |
I I
I I
I I

febb

I I | I I I

feb?7 RVZ1 INIPOS1| I2T1/ | FE1 LMTM1 |LMTP1 |JOGM1 |JOGP1
I | I I | I
feb8 RVZ2 INIPOS2| 12T2/ | FE2 LMTM2 |LMTP2 |JOGM2 |JOGP?2
EXTENDED STATUS BITS
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
I I I I I

SBOPEN |FREEZE| CIR1BO|CIRDIR|HEMDONE | EXMOV1 | EXMOVE | ADREQ

f | {

feb9 | BACK2 | BACKl| WAITZ2 | WAIT]1 |{CIRCLE|EXREAD | INSERTI|EDIT
| I |

feba | |

SERVO CONTROL BITS

DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
I I I | I I I I I
febb | MEMREQ | CMVREQI|DWELL | HOME | XX I XX | XX | XX |
I I I I I I I I I
febc | SERVP7 | SERVP6| STEP | SERVPS | SERVP4 | SERVP3 | SERVP2 | SERVP1 |

m:smccmap 201 5/10/90



MEMORY AND I/0 MAPS
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STATUS DISPLARY INDICATOR

AR A AR R A T R A A S R R R A R A R R R R R A A AR R R R R A R AT R AR R R AN R R R R R P AR AR AR AR R RRAD

The SMCC is equipped with a one digit hexadecimal display which
is used to indicate operational status to the operator.

In Position (i01)
Following Error Indicator (il0)

. (Left Decimal)
. (Right Decimal)

W oH

0 = Okay (SMCC is Happy)

1l = Hall Effect Failure (Brushless Motor)

2 = Following Error Failure (i00)

3 = TBD, Not Used Currently

4 = Circle Too Large for Radius

S = "Go Until" Did Not Receive Trigger

6 = "Go Until" Did Not Receive Trigger

7 = Communications Error (Invalid Character)
8 = AMPlifier Failure, (AMPlifier Without

Fault Data Bits)

*9 = SHUNT-FAULT
*A = GROUND~-FAULT

*B = +15 OR -15 = LOW VOLTAGE

*C = Floating +15V (Bias Supply) = LOW VOLTAGE
*D = OVER~-TEMP

*E = BUS-OVER-VOLTAGE

*F = DRIVER-FAULT, (OVER-CURRENT, BUS-UNDER

VOLTAGE)

*NOTE: 1) Delta Tau’s amplifiers provide three Fault Indication
Bits which are used to isolate the cause of the
problem and display it. Please note that physically
the indicator may be mounted to accommodate both the
stand-alone and the rack-mount configuration for
visibility. An extension cable and mounting bracket
are needed for the rack-mount version.

2) If both decimal points are on simultaneously, they
indicate that the SMCC is not functioning properly and
is unable to complete its internal initialization.
Refer to "Start-Up Section" for causes and reasons.

m:status 202 7/31/88
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SMCC MEMORY MAP
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The following pages provide complete information of the Standard
and Parabolic SMCC’s memory and register map. They are provided
for the purpose of allowing users to have direct access to the
many variables available in the SMCC so that more
sophisticated programs, especially in PLC, may be written to
accomplish more useful and difficult tasks. A brief summary is
provided here to point our some of the more commonly used
registers:

FUNCTION PARABOLIC SMCC STANDARD SMCC
ADDR -4 BYTES ADDR - # BRYTES
Ruffer Pointer, Next command a3b3 - 2 a2fg8 - 2

to be executed

Buffer Pointer, Where data a3bs5 - 2 a2fa - 2
will be stored next

Pointer to End of azlc - 2 azfe - 2
Main Program

Library Pointer, Where next a2le - 2 a2fc - 2
Subroutine will be stored

Free Memory Space for user al3a7 - 12 a200 - 36
data. Not used by SMCC.

X Handwheel register fe3e - 2 fe3g - 2
Y Handwheel register feeb - 2 fe4a - 2
Absolute Position of X fed4B8 - 4 fef6 - 4
Absolute Position of Y fedc - 4 fed6 - 4
Analog inputs filtered, 2 feBc - 2x2 feB2 - 2x2

40 mscs. update rate

Analog inputs unfiltered, 2 feS0 - 2x1 feB86 - 2x1
40 mscs. update rate

Variable parameters Pl to P15 a240 - 4x15 alaS - 4x15
(Pl first, 4 bytes per var.
LSByte first)

X Acceleration register, feb58 - 6 none

if not zero, shows SMCC
accelerating. Use first four bytes.
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, FUNCTION PARABOLIC SMCC STANDARD SMCC
ADDR - § BYTES ADDR - # BYTES
Y Acceleration register, febe - 6 none

if not zero, shows SMCC
accelerating. Use first four bytes.

X axis PWM Analog output
magnitude: ff14
..direction: _£f£f00.0

i
ot

Y axis PWM Analog output
magnitude: ffl6é - 1 ffle - 1
direction: £f00. £f£f00.1

ot

Version Number Address 2034

i
w

202e - 5

manual:register 204 5/10/90
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INTERNAL RAM (10/06/88)
STANDARD

AR AR RN A R R A R A A R S A A A A N A R A A A R R R A R A A R A A R R R A AR R A AR A A DD A AR DA AR AR R A ARR

ORG OFEOOH

FEOD RBUFF: DS 32

FEOO TBUFF EQU RBUFF
FE20 XBITS: DS 2 ;EXTENDED STATUS BITS

0100 ADREQ EQU XBITS.O sAUTO-DIVIDE REQUEST

0101 EXREAD EQU XBITS.1 ; EXTENDED READ FLAG

0102 EDIT EQU XBITS.Z2 ; PROGRAM BUFFER EDIT FLAG

0103 INSERT EQU XBITS.3 ;PROGRAM BUFFER INSERT FLAG

0104 WAITI EQU XBITS.4 ; X-AXIS WAIT MOVE FLAG

0105 WAIT2 EQU XBITS.S ;Y-AXIS WAIT MOVE FLAG

0106 BACK1 EQU XBITS.6 ; X-AXIS BACKLASH FLAG

0107 BACK2 EQU XBITS.? ;Y-AXIS BACKLASH FLAG

0108 PLCFLG EQU XBITS+1.0 ;PLC EDIT FLAG

0108 RESULT EQU XBITS+1.1 ;PLC RESULT FLAG

010Aa ELSE EQU XBITS+1.2 ;PLC ELSE FLAG

010A PILCCMD EQU XBRITS+1.2 ;PLC COMMAND FLAG

010B UFLAG EQU XBITS+1.3 ;USER FLAG MOVE

010C EXMOVE EQU XBITS+1.4 ;EXTENDED MOVE FLAG
FE22 TPOS2: DS 4 ;DELAYED POSITION Y-AXIS
FE26 IPOS2: DS 4 ;ERROR INTEGRAL Y-AXIS .

FEZ22 WORDS EQU TPOS2

FEZ2 DAC EQU TPOSZ2 ;DAC OUTPUT FOR PHASED MOTORS

FE23 SLIP EQU TPOS2+1 ;SLIP FREQUENCY

FEZ24 PHASE EQU TPOS2+42 ;PHASE POSITION

FEZ28 PHASAD EQU TPOS2+6 ; PHASE ADVANCE
TIZA TPOS1: DS 4 ;DELAYED POSITION X-AXIS
FEZE IPOS1: DS 4 ;ERROR INTEGRAL X-AXIS
FE32 DPOSL1: DS 6 ;DESIRED POS.RESIDUAL X-AXIS
FE38 PHW1: DS 2 ;PREVIOUS X-AXIS HNDW. POS.
FE3A ACRES1: DS 2 ;ACCEL RESIDUAL X-AXIS
FE3C DACI1R: DS z ;DAC RESIDUAL X-AXIS
FE3E EPQOS2: DS 4 ;Y-AXIS POSITION ERROR
FE42 EPOS1: DS 4 ; X-AXIS POSITION ERROR
FE46 APQOS2: DS 4 ;Y-AXIS POSITION
FE4A APQOS1: DS 4 ; X-AXIS POSITION
FE4E DPOS2: DS 4 ;Y-AXIS DESIRED POSITION
FES2 DPOS1: DS 4 ; X-AXIS DESIRED POSITION
FES5®6 RUNVZ2: DS 6 ;Y-AXIS COMMAND VELOCITY
FESC RUNV1: DS 6 ; X-AXIS COMMAND VELOCITY
FE62 DRNV2: DS 6 ;Y-AXIS DESIRED VELOCITY
FE68 DRNV1] : DS 6 ;X-AXIS DESIRED VELOCITY
FE6E ACCEL2: DS 6 ;Y-AXIS COMMAND ACCEL
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FE74
FE7A
FETE

FE82
FE84
FEB6
FE87

FE88

FEBA
FEBC
FEBE
FESO
FES2

FES4

FE96
FES8
FESA
FESC
FEAO
FEAZ
FEAA4
FEA6
FEAS

FEARA
FEAB
FEAC
FEAD
FEAE
TAB.
FEAY
FEBO

FEB1
FEB2
FEB3
FEB4

FEBS5

0580
0581
0582
0583
0584
0585
0586
0587

05n4
05A5
05R6
05n7

05AC

ACCEL1:
ADPOSZ2:
ADPOS1:

FATDO:
FATD1:
ATD2:
ATD3:

JOBOLD:

FDPOT:

AFDPOT:
DFDPOT:
HFDPOT:
FDSLEW:

DWLPOT:

I100:
I01:
I125:;
106:
120:
108:
127:
145:
I10:

I04:
I32:
I51:
I31:
I143:

141:
IBITS2:
115
I12
I11
113
PRFULL
SBOPEN
114
I114B1
I123:
I21:
133:
122:
130
128
12881
I128RB2
142:
I50

DS
DS
DS

DS
DS
DS
DS

DS

DS
DS
DS
DS
DS

DS

DS
DS
DS
DS
DS
DS
DS
DS
DS

DS
DS
DS
DS
DS

DS
DS
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
DS
DS
DS
DS
EQU
EQU
EQU
EQU
DS
EQU

NN N [l NS N ] o S A

N

NN NN

[ESY RN S -

1
1

IBITSZ2.
IBITS2.
IBITS2.
IBITSZ2.
IBITSZ2.
IBITS2.
IBITS2.
IBITS2.

—
N
N

~ oy U

4
oS
S}
=Y

~Sod WO

MEMORY AND I/C MAPS

; X-AXIS5 COMMAND ACCEL
;Y-AXIS DESTINATION POSITION
; X-AXIS DESTINATION POSITION

;FILTERED ATD #0 INPUT
;FILTERED ATD #1 INPUT
;RAW ATD #2 INPUT
;RAW ATD #3 INPUT

; PREVIOUS ACCEL TIME

; FEEDPOT

;FEEDPOT USED BY INTEGRALS
;DESIERED FEEDPOT

;FEED HOLD FEED POT
;FEEDPOT SLEW RATE

;FEEDPOT FOR DWELLS (I07)

; FOLLOWING ERROR STOP

; IN POSITION

; HOME OFFSET X-AXIS

; FEEDRATE

;s X-AXIS PROPORTIONAL GAIN
;ACCEL TIME

; X-AXIS HNDWL. SCALE FACTOR
;HOME OFFSET Y-AXIS

; FOLLOWING ERROR LIGHT

s HOME FEEDRATE

; X-AXIS PWM LIMIT

;Y-AXIS JOG FEEDRATE

; X-AXIS JOG FEEDRATE

;Y-AXIS INTEGRAL GAIN/PHASE

;Y-AXIS DIFF.GAIN/PHASE ADVANCE

;Y-AXIS DISABLE/PHASING CONTROL
;PWM FEQ. (24/6 KHZ)

;FEED HOLD SLEW MODE

; BRUSHLESS MOTOR ENABLE

; PROGRAM BUFFER FULL

; SUBROUTINE LIBRARY OPEN

;ATD MODE (2 BITS)

;X-AXIS INTEGRAL GAIN

;X-AXIS DIFFERENTIAL GAIN
;X-AXIS PWM I2T LIMIT

; X~AXIS AVERAGER

; X-AXIS GAIN SCALE

;X-AXIS HNDWHL. MODE (3 BITS)

;Y-AXIS AVERAGER/ISD FLUX CURR.
;Y-AXIS GAIN SCALE
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05AD 148 EQU 1I42.5 ;Y-AXIS HNDWHL MODE (3 BITS)
O0SAE I48B1 EQU 142.6
05AF I148B2 EQU 142.7

FEB6 I52: DS 1 ;Y-AXIS PWM LIMIT/PHASE o

;FINDING TIME
FEB7 I53: DS 1 ;Y-AXIS PWM I2T LIMIT/PHASE
;FINDING PWM

FEBS IBITS1: DS 1
05C0 I24 EQU IBITS1.0 ;X-AXIS HOME DIRECTION
05C1 I44 EQU 1IBITS1.1 ;Y-AXIS HOME DIRECTION
05C2 I16 EQU 1IBITS1.2 ;HANDWHEEL MODE (2 BITS)
05C3 I16B1 EQU IBITS1.3
05C4 102 EQU IBITS1.4 ;MDI MODE
05C5 I03 EQU _IBITS1.5 . ;HANDSHAKE MODE
05Cé6 160 EQU 1IBITS1.6 ;PLC ENARBRLE BIT
05C7 I09 EQU 1IBITS1.7 ;INTEGRATION MODE

FEBS BITS: D5 2
05Cs8 HOME?2 EQU BITS.O0 ;Y-AXIS HOME COMPL. (MOMENTARY)
05C9 HOME1 EQU BITS.1 ; X-AXIS HOME COMPLETE
05Ca BLKRDY EQU BITS.2 ; BLOCK READY
05CB BLKREQ EQU RITS.3 ; BLOCK REQUEST
05CC CIRIP EQU BITS.4 ;CIRCLE IN PROGRESS
05CD FHOLD EQU BITS.5 ;FEED HOLD IN PREGRESS
05CE RUN EQU BITS.6 ; RUN MODE
05CF ADIV EQU BITS.7 ;AUTO DIVEIDE
05D0 TMODE EQU BITS+1.0 ;TIME MODE
05D1 STEP EQU BITS+1.1 ;SINGLE STEP MODE
05D2 BFULL EQU BITS+1.2 ;BUFFER FULL
05D3 CIR180 EQU BITS+1.3 ;CIRCLE > 180
05D4 CIRDIR EQU BITS+1.4 ;CCW CIRCLE
05D5 CIRCLE EQU BITS+1.5 ;CIRCLE MODE
05D6 LIMIT EQU BITS+1.6 ;STOPPED BY LIMIT
05D7 NOTRDY EQU BITS+1.7 ;NOT READY FOR MOVE

FEBB SBITS1: DS 1
05D8 JOGP1 EQU SBITS1.0 ;X-AXIS JOG PLUS
05D5S JOGM1 EQU SBITS1.1 ;X-AXIS JOG MINUS
05DA ODAC1 EQU SBITS1.2 ;X-AXIS OPEN DAC MODE
05DB I2T1 EQU SBITS1.3 ;X-AXIS CURRENT LIMIT
05DC FE1 EQU SBITS1.4 ;X-AXIS FOLLOWING ERROR
05DD NTRDY1 EQU SBITS1.5 ;X-AXIS NOT READY FOR MOVE
05DE NIPOS1 EQU SBITS1.6 ;X-AXIS NOT IN POSITION
05DF RVZ1 EQU SBITS1.7 ;X-AXIS ZERO VELOCITY

FEBC SBITS2: DS 1
05E0 JOGP2 EQU SBITS2.0 ;Y-AXIS JOG PLUS
05E1 JOGM2 EQU SBITS2.1 ;Y-AXIS JOG MINUS
05E2 ODACZ2 EQU SBITS2.2 ;Y-AXIS OPEN DAC MODE
05E3 1272 EQU SBITS2.3 ;Y-AXIS CURRENT LIMIT
05E4 FEZ2 EQU SBRITS2.4 ;Y-AXIS FOLLOWING ERROR
05ES NTRDYZ2 EQU SBITS2.5 ;Y-AXIS NOT READY FOR MOVE
05E6 NIPOS2 EQU SBITS2.6 ;Y-AXIS NOT IN POSITION
05E7 RVZ2 EQU SBITS2.7 ;Y-AXIS ZERO VELOCITY

FEBD PO1BUF: DS 1 ;P0,P1 BUFFER

FEBE STIME: DS 1 ; SERVO TIMER

FEBF SFLAG: DS 1 ; SERVO FLAG
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FECO
FEC1
FEC2
FEC3
FECA4
FEC5
FEC6
FEC7
FECS8
FECS
FECA
FECB
FECC
FECD
FECE
FECF

FEDO
FED1
FEDZ
FED3
FEDA4
FED5S
FED6
FED7
FEDS
FEDY
FEDA
FEDB
FEDC
FEDD
FEDE
FEDF

05FC
05FD
05FE
05FF

FECO
FEC2
FEC4
FEC6
FECS
FECA
FECC
FECE

FEDO
FEDZ
FED4
FED®6
FED8
FEDA

DWELL

STPREQ
DWEREQ
MEMREQ

MRO:
MR1:

MR3:
MR4:
MR5:
MR6:
MR7:
MRS8:
MRO9:
MR10:
MR11l:
MR12:
MR13:
MR14:
MR15:

MRPO
MRP1
MRP2
MRP 3
MRF 4
MRP5
MRP 6
MRP 7

SRO:
SR1:
SR2:
SR3:
SR4:
SR5:
SR6:
SR7:
SRB:
SR9:
SR10:
SR11:
SR12:
SR13:
SR14:
SR15:

SRPO
SRP1
SRP2
SRP3
SRP4
SRPS

EQU
EQU
EQU
EQU

ORG
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

EQU
EQU
EQU
EQU
EQU
EQU

SFLAG. 4
SFLAG.5
SFLAG.6
SFLAG.7

OFECOH

B bt bt b b b3 3 b B b b3 b e e (e

MRZ2
MR4
MR 6
MR8
MR10
MR12
MR14

[ S A SN U S T S T T W VT S

SRO
SR2
SR4
SR6
SR8
SR10
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;DWELL IN PROGRESS

; STOP REQUESTED

;DWELL REQUESTED

; MEMORY MODIFY REQUESTED

;REGISTER BANK 3

;REGISTER BANK 2




FEEO
'FEE1
FEE2
FEE3
FEE4
FEE5
FEE6
FEE7
FEES8
FEE9
FEEA
FEEB
FEEC
FEED
FEEE
FEEF

FEEO
FEF1
FEF2
FEF3
FEF4
FEF5
FEF®6
FEF7
FEFS8
FEFS
FEFA
FEFB
FEFC
FEFD
FEFE
FEFF

FEDC
FEDE
FEDS8
FEDS8
FEDA

FEEO
FEEZ2
FEE4
FEE®6
FEES8
FEEA
FEEC
FEEE
FEEOQ
0703
FEE2
FEEA
FEEB
FEEA4

SRP6
SRP7
PENCZ2
PHASAZ
PENC1

IRO:
IR1:
IR2:
IR3:
IR4:
IRS5:
IR6:
IR7:
IR8:
IRS:
IR10:
IR11:
IR12:
IR13:
IR14:
IR15:

IRPO
IRP1
IRP2
IRP3
IRP4
IRPS
IRP6
IRP7
IOBITS
RS232
ADDRES
EACNFG
ACC
MOVTIM

PRO:
PR1:
PR2:
PR3:
PR4:
PR5:
PR6:
PR7:
PRS8:
PR9:
PR10:
PR11:
PR1Z:
PR13:
PR14:
PR15:

EQU
EQU
EQU
EQU
EQU

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

SR12
SR14
SRP4
SRP4

(S R S T TP TP S W T P S W

IRO
IR2
IR4
IR6
IR8
IR10
IR12
IR14
IR0

MEMORY AND I/0 MAPS

; PREVIOUS AVERAGE ENCODER Y-AXIS ,
; PHASE ADVANCE $#2
;PREVIOUS ENCODER Y-AXIS

;REGISTER BANK 1

; INPUT BUFFER LENGTH

ICBITS.3 ;RS232 MODE

IR2

IR10
IR11
IRP2

e S T SR R WP RS U W UV Y U O
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; CARD ADDRESS

; MOVE TIME

;REGISTER BANK 0




FEFO
FEF2
FEF 4
FEF6
FEF8
FEFA
FEFC
FEFE

FEFO
FEF6
FEF8
FEFA
FEFC
FEFE

PRPO
PRP1
PRP2
PRP3
PRP4
PRPS
PRP 6
PRP7

DPOSILZ2
PHW2
147
I40
ACRESZ2
DACZ2R

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU

PRO
PR2
PR4
PR6
PR8
PR10
PR12
PR14

PRPO
PRP3
PRP4
PRP5
PRP6
PRP7
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; Y-AXIS
; Y-AXIS
;Y-AXIS
;Y-AXIS
; Y-AXIS
;Y-AXIS

L3 - - -

wg w

MEMORY AND I/C MAPS

POSITION RESIDUAL

PREV. HNDWHL PCS.

HW SF/# OF POLES*PHASES
PRO.GAIN/# OF LINES/REV
ACCEL RESIDUAL

DAC RESIDUAL



MEMORY AND I/0 MAPS

AR AR AR R A R R R A A N R R N A R R A R R A A N A R A R R A R AR A A AR A DA A AR A AR A AR AR AR A DA DS R R

EXTERNAL RAM 11/09/88
STANDARD o

2223252222 RSl s R E RS R SR R E S EEE R R SR ER R R LR T R R K B B R R

R000
A080
aA081

A082
A083
A084
AQBS6
A0B88
A0BC
A090
A094
A098
AQSC
AOAOD
AOR4
AOASB
AOAC
AOBO
AOBA4
A(OBS
AOBC
AQCO
AOCH4
AQCS
AQOCA
AOCE
AQD2
AQD4
AQOD6
AQODS
AODA
AODC
AQES
AQOFE

Al100
A101
Al36
Al3A
A13C
Al40
Al44
Al48
Al51
Al153
Al157

TPNTRI1:
TPNTRZ:

DISCNT:
LSTMOD:

VTIME:

DISTIM:
DSPOS2:
DSPOS1:
DSVEL2:
DSVEL1:

BPOS2:
BPOS1:
HPOS2:
HPOS1:

CMVTIM:
DTHETA:

THETA:

THETAY :

RADX:
RADY:

CTHETA:
STHETA:
TCOUNT:
ADIVP2:
ADIVP1:

ADCNT:

LSTCTR:
LSTPTR:

EDPTR:
PDPTR:
DBUFF:
XTEMP:

RAMEND:

XRBUFF :
XTBUFF:

I17:
134:
I35:
136:
137:
I38:
I154:
I55:;
I56:

ORG

DS
DS
DS

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

DS
DS
DS
DS
D5
DS
DS
DS
DS
DS
DS

OAROOO0H

128 ;EPOS BUFFERS

1 ;EPOS POINTER X-AXIS
1 ;EPOS POINTER Y-AXIS

;DISPLAY COUNTER

; EXTENDED READ MODE
;VELOCITY DISPLAY TIME
;DISPLAY TIMER

;Y-AXIS DISPLAY POSITION
;X-AXIS DISPLAY POSITION
;Y-AXIS5S DISPLAY VEL
;X-AXIS DISPLAY VEL
;Y-AXIS POSITION BIAS
;X-AXIS POSITION RIAS
;Y-AXIS HOME POSITION
;X-AXIS HOME POSITION

; CONTINUOUS MOVE TIME
;DELTA ANGLE FOR CIRCLE
;ANGLE FOR CIRCLE
;Y-AXIS ANG.OFFSET FOR ELLIPSE .
;X-AXIS RADIUS

;Y-AXIS RADIUS

; COS (ANGLE)

; SIN (ANGLE)

;AUTO DIVIDE POSITION Y-AXIS
;AUTO DIVIDE POSITION X-AXIS
;AUTO DIVIDE COUNTER

; EXTENDED READ COUNTER
;EXTENDED READ POINTER

;EDIT POINTER

;PREVIOUS PROGRAM POINTER
;DISPLAY BUFFER

[N ORI AO TR I S T N T SN S NG T S SN S SO SO SN U SO SN S S SO N N N S O S e
NN

;END OF MEMORY ADDRESS

; COM BUFFER

w

;DISPLAY MODE

; X-AXIS BACKLASH

s X-AXIS POS.POSITION LIMIT
;X-AXIS NEG.POSITION LIMIT
; X—-AXIS RANGE

;X~AXIS POSITION FORMAT
;Y~-AXIS BACKLASH

;Y-AXIS POS.POSITION LIMIT
;Y-AXIS NEG.POSITION LIMIT

NN NV TS S N O U SOy
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A15B
Al5F
Al168
Al69
AlAS
AlES

A200
A224
A225
A2R6
A2A6
AZAT

A2A8
AZAE
AZB4
AZBA
A2CO
A2CH4
A2CS
AZCE
A2D4
A2DA

A2DE

A2E2
AZE®6
A2EAR
AZEE

A2F6
R2F8
R2FA
ARZFC
AZ2FE

A300
A380

2400

AZDE

ABOO
Co00
co0o

m:stand.ram

I57:
I58:

IBITS3:
MTABLE:
PTABLE:

JEND:

FREE:
DEPTH:
STACK:

STKEND:
SSTPTR:
STKPTR:

NDRNV2:
NDRNV1:
NACELZ2:
NACEL1l:
NDPOSZ:
NDPOS1:
NDCEL2:
NDCEL1:
NMVTIM:
DWLTIM:

TIME:
FDRATE

DDPQOS2:
DDPOS1:
NSPEED:

TEMP :

BGPTR:
DTPTR:
STPTR:
LBPTR:
STEND:

STABLE:
CTABLE:

PSTART:

P2KEND
PBKEND
EARTST

DS
DS
DS
DS
DS
DS

DS
DS
DS

DS
DS

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

DS
EQU
DS
DS
DS
DS

DS
DS
DS
DS
DS

DS
DS

DS
EQU

EQU
EQU

MEMORY AND I/0 MAPS

4 ;Y-AXIS RANGE
S ;Y-RXIS POSITION FORMAT
1
64 ; SYMROL TABLE MO0-Mé63
60 ; PARAMETER TABLE P01-P15
27
36 ;FREE RAM SPACE
1 ;PLC DEPTH COUNTER
129 ; SERVO STACK
1 ; SERVO STACK POINTERS
1
6 ;NEXT DESIRED VELOCITY Y-AXIS
6 ;NEXT DESIRED VELOCITY X-AXIS
6 ;NEXT DESIRED ACCEL Y-AXIS
6 ; NEXT DESIRED ACCEL X-AXIS
4 ;NEXT DESIRED POSITION Y-AXIS
4 ;NEXT DESIRED POSITION X-AXIS
6 ;NEXT DESIRED DECCEL Y-AXIS
6 ;NEXT DESIRED DECCEL X-AXIS
6 ; NEXT MOVE TIME
4 ;NEXT DWELL TIME
4 ; FEEDRATE/TIME
TIME
4 ;DELTA DESIRED POSITION Y-AXIS
4 ;DELTA DESIRED POSITION X-AXIS
4 ;NEW DESIRED SPEED
8
2 ;PLC POINTER
2 ; PROGRAM POINTER
2 ; STORAGE POINTER
2 ; SUBROUTINE LIBRARY POINTER
2 ; STORAGE END ADDRESS
128 ;SYMBOL TABLE LOO-L63
128 ; SYMBOL TABLE C00-C63
4 ; PROGRAM BUFFER START ADDRESS
OAB0O0H
0COO00H
0COO00H
212 7/31/89




MEMORY AND 1/0 MAPS

R AN AT A AR R AT A A RS N A R A A A A A N A R R A N A R R A R R AR R A R R R A A AR AL R R AR AR AR TR TR AR

MINI INTERNAL RAM 10/19/88 .
PARABOLIC

R R A R R R A R A T R R A A I A A R A R R R A A I A R R R A R A N A R A A A R A A R A A R A A A R R RN AR AR AR AR

ORG OFEOOH ;INTERNAL RAM
FEOO RBUFF: DS 32
FEOO TBUFF EQU RBUFF
; START OF DIRECT ACCESS RAM

FE20 PTM1: DS 2 ; PREVIOUS ENCODER EDGE TIME X-AXIS

FE22 PTM2: DS 2 ; PREVIOUS ENCODER EDGE TIME Y-AXIS
FE22 PPHASE EQU TPTM2  ;PREVIOUS PHASE ENCODER READING

FE24 PDPOS1: DS 2 ; PREVIOUS DESIRED POSITION X-AXIS

FE26 PDPOS2: DS 2 ; PREVIOUS DESIRED POSITION Y-AXIS
FE26 PHASE EQU PDPOS2 ;PRESENT PHASE POSITION

FE28 DACR1: DS 2 ;RESIDUAL DAC OUTPUT X-AXIS

FE2A DACR2: DS 2 ;RESIDUAL DAC OUTPUT Y-AXIS
FE2A  DAC EQU DACR2  ;DAC OUTPUT FOR PHASED MOTORS

FE2C PRES1: DS 4 ;POSITION RESIDUAL X-AXIS

FE30 PRES2: DS 4 ;POSITION RESIDUAL Y-AXIS
FE30  SLIP EQU PRES2  ;SLIP FREQUENCY

FE34 VRES1: DS 2 ;VEL RESIDUAL X-AXIS

FE36 VRES2: DS 2 ;VEL RESIDUAL Y-AXIS
FE36 PHASAD EQU VRES2  ;PHASE ADVANCE

FE38 ARES1: DS 2 ;ACCEL RESIDUAL X-AXIS

FE3A ARES2: DS 2 ;ACCEL RESIDUAL Y-AXIS .
FE3A PHASOA EQU ARES?

FE3C HWRES1: DS 1 ; HANDWHEEL RESIDUAL X-AXIS

FE3D HWRES2: DS 1 ; HANDWHEEL RESIDUAL Y-AXIS

FE3E PHWl1: DS 2 ;PREVIOUS HANDWHEEL X-AXIS

FE40 PENCl: DS 2 ; PREVIOUS ENCODER X-AXIS

FE42 IPOS1: DS 4 ;ERROR INTEGRAL X-AXIS

FE4E PDVEL1: DS 2 ;PREVIOUS DESIRED VEL X-AXIS

FE4g APOS1: DS 4 ; ABSOLUTE POSITION X-AXIS

FE4C APOS2: DS 4 ; ABSOLUTE POSITION Y-AXIS

FESQ EPOS1: DS 4 ;ERROR POSITION X-AXIS

FES4 EPOS2: DS 4 ; ERROR POSITION Y-AXIS
FES4 PHRES EQU EPOS2  ;RESIDUAL PHASE POSITION

FES8 DPOS1: DS 4 ;DESIRED POSITION X-AXIS

FESC DPOS2: DS 4 ;DESIRED POSITION Y-AXIS

FE60 DVELl: DS 4 ;DESIRED VEL X-AXIS

FE64 DVEL2: DS 4 ;DESIRED VEL Y-AXIS

FE68 ACCEL1: DS 6 ;DESIRED ACCEL X-AXIS

FE6E ACCEL2: DS 6 ;DESIRED ACCEL Y-AXIS

FE74 JCCEL1: DS 8 ;DESIRED ACCEL DOT X-AXIS

FETC JCCEL2: DS 8 ;DESIRED ACCEL DOT Y-AXIS

FE84 NMVTIM: DS 4 ;NEW MOVE TIME

FEBS MOVTIM: DS 4 ;MOVE TIME

FEBC FATDO: DS 2 ;FILTERED ATD 40 INPUT

FEBE FATD1: DS 2 ;FILTERED ATD 41 INPUT

213



FESO
FE91

FES2
FES4
FES6
FESS8

FESA
FESC
FESE
FEAO
FEA2
FEA4

FEAG
FEA7
FEASB
FEAS
FEARA
FEAB
FEAC
FEAD
FEAE
FEAF

FEBO

FEBZ

FFBE

0580
0581
0582
0583
0584
0585

0586
0587

0588
0589
058A
058B
058C
058D
058E
058F

0550
0591
0592
0583
0594

ATDZ :
ATD3:

DFDPOT:
FDSLEW:
AFDPOT:
HFDPOT:

105

I107:
120:
127:
I40:
145:
I147:

I21:
I122:
123:
I132:
I33:
I41:
I42:
143:
I52:
I53:

IBITS1:
102

I03
10381
111

I13

I15

114
I14B1

IBITS2:
124

128
128B1
108

144

148
I48B1
PBFULL

IBITS3:
I18
I18B1
I16
I16B1
I18

DS
DS

DS
DS
DS
D5

EQU
DS
DS
DS
DS
DS
DS

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

DS

EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU

DS
EQU

EQU .

EQU
EQU
EQU
EQU
EQU
EQU

DS

EQU
EQU
EQU
EQU
EQU

(S

o) NN RN
1y
1
o
o1
fos:

NN

[ SN N W WV SO0 U S

1

IBITS1.
IBITS].
IBITSI.
IBITSI.
IBITS1.
IBITSI.

IBITSI.
IBITS1.

1

IBITS2.
IBITSZ.
IBITSZ.
IBITSZ2.
IBITSZ.
IBITS2.
IRITS2.
IBITSZ2.

1

IBITS3.
IBITS3.
IBITS3.
IBITS3.
IBITS3.
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MEMORY AND I/0 MAPS

;RAW ATD #2 INPUT
;RAW ATD #3 INPUT

;DESIRED FEED POT

;FEED POT SLEW RATE

;FEED POT USED FOR INTERATION
;FEED HOLD FEED POT

; SERVO TIME

;DWELL TIME BASE

;AXIS #1 PROPORTIONAL GAIN
;AXIS #1 HANDWHEEL SCALE FACTOR
;AXIS #2 PROPORTIONAL GAIN
;AXIS #2 HOME OFFSET/SLIP GAIN
;AXIS #2 HANDWHEEL SCALE FACTOR

;AXIS #1 FEEDBACK GAIN
;AXIS #1 FEEDFORWARD
;AXIS #1 INTEGRAL GAIN
;PWM #1 LIMIT

;12T PWM #1 LIMIT
;AXIS $2 FEEDBACK GAIN
;AXIS #2 FEEDFORWARD
;AXIS #2 INTEGRAL GAIN
;PWM $2 LIMIT

;12T PWM $2 LIMIT

;MDI MODE
; HANDSHAKE MODE (2 BITS)

;FEED HOLD SLEW

; BRUSHLESS MOTOR ENABLE
;Y-AXIS DISABLE/ (TRAP/LOOKUP
; PHASING)

;A TO D MODE (2 BITS)

;HOME DIRECTION #1
; HANDWHEEL MODE #1 (2 BITS)

; INTERGATOR MODE
;HOME DIRECTION #2
; HANDWHEEL MODE 42 (2 BITS)

; PROGRAM BUFFER CLOSED FLAG

;DISPLAY MODE (2 BITS)
;FEEDPOT HANDWHEEL MODE

;HIGEST CARD IN ADDRESSED
; (4 BITS)




FEB3
FEB4

FEBS

FEB7

05A8
05A%
05AA
05AaB
05AC
05AD
05AE
05AF

05B0
05B1
05B2
05B3
05B4
05B5
05B6
05B7

05B8
05B9
05BA
05BB
05BC
05ED
05BE
05BF

05C0
05C1
05C2
05C3
05C4
05C5
05Cé6
05C7

05C8
05CS
05CA
05CB
05cCcC
05CD
05CE
05CF

05D0
05D1

I130:
150:

BITS:
HOME?2
HOME1
CMOVE
BLKREQ
ADIV
FHOLD
RUN
TIMER

TMODE
STEP
BFULL
FRATE
LIMIT
NTRDY1
NTRDY?2
NOTRDY

SBITS1:

JOGP1
JOGM1
LMTP1
LMTM1
FE1
I2T1
NIPOS1
RVZ1

SBITS2:

JOGP2
JOGM2
LMTP2
LMTM2
FEZ2
I12T2
NIPOSZ2
RVZ2

XBITS:
EDIT
INSERT
HMDONE
CIRCLE
WAITI
WAITZ2
BACK1
BACKZ2

ADREQ
EXMOVE

D5
DS

DS

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

DS

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

DS

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

DS

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU

1 ;
1 H

2

BITS.
BITS.
BITS.
BITS.
BITS.
BITS.
BITS.
BITS.

Sk WO

BITS+1.
BITS+1.
BITS+1.
BITS+1.
BITS+1.
BITS+1.
BITS+1.
BITS+1.

NoUb W e O

1

SBITS1.
SBITS1.
SBITS1.
SBITS1.
SBITS1.
SBITS].
SBITS1.
SBITS1.

S W= O

1

SBITSZ2.
SBITSZ.
SBITS2.
SBITSZ2.
SBITS2.
SBITSZ.
SBITSZ.
SBITS2.

~Noes W= o

2

XBITS.
XBITS.
XBITS.
XBITS.
XBITS.
XBITS.
XBITS.
XBITS.

~Sohdbs WO

XBITS+1.;
XBITS+1.;
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MEMORY AND 1/0 MAPS

AXIS #1 DES. VEL FEEDBACK GAIN
AXIS 42 DES. VEL FEEDBACK GAIN

HOME AXIS #2 FLAG
HOME AXIS #1 FLAG
CONTINUOS MOVE FLAG
BLOCK REQUEST FLAG
AUTO DIVIDE MOVE FLAG
FEED HOLD FLAG

RUN FLAG

TIMER ACTIVE FLAG

; TIME MODE FLAG

; SINGLE STEP FLAG
;BUFFER FULL FLAG
;PARABOLIC MOVE FLAG
;LIMIT SWITCE FLAG

/NOT READY AXIS #1 FLAG
;NOT READY AXIS #2 FLAG
;NOT READY FLAG

;X-AXIS POSITIVE JOG
; X-AXIS NEGATIVE JOG
;X-AXIS POSITIVE LIMIT
;X-AXIS NEGATIVE LIMIT
;X-AXIS FOLLOWING ERROR WARNING
;X-AXIS CURRENT LIMIT

;X-AXIS NOT IN POSITION

;X-AXIS RUN VEL ZERO

;Y-AXIS POSITIVE JOG

;Y-AXIS NEGATIVE JOG

;Y-AXIS POSITIVE LIMIT

;Y-AXIS NEGATIVE LIMIT

;Y-AXIS FOLLOWING ERROR WARNING
;Y-AXIS CURRENT LIMIT

;Y-AXIS NOT IN POSITION

;Y-AXIS RUN VEL ZERO

EDIT MODE

EDIT INSERT MODE
EXTENDED READ FLAG
CIRCLE MODE

X=-AXIS5S WAIT MOVE
Y-AXIS WAIT MOVE
X-AXIS BACKLASH COMP
Y-AXIS BACKLASH COMP

AUTO DIVIDE REQUEST BIT 0
EXTENDED MOVE FLAG (2 BITS)

@

o



FEBB

FEBC

FEBD

FEBE

FEBF

FECO
FECI
FECZ
FEC3
FECA
FECS
FEC®6
FEC7
FECS
FECS
FECA
FECB
FECC
FECD
FECE
FECF

05D2
05D3
05D4
05D5
05D6
05D7

05DB
05DC
05DD
05DE

. 05DF

05E5S

05ED
05EE
05EF

05F5
05F6
05F7

05FC
05FD

FECO
FECZ
FEC4
FEC®6
FECS8
FECA

EXMOV1
HMDONE
CIRDIR
CIR180
FREEZE
SBOPEN

SFLAG:
DWEREQ
HOME
DWELL
CMVREQ

- MEMREQ

BUFPTR:

STPREQ

DBAND1:

BDATA
DMAIO
DMAQUT

DBANDZ2:

PLCFLG
RESULT
PLCCMD

PO1BUF:

UMOVIE
TORQUE

MRO :
MR1:
MRZ:
MR3:
MR4:
MR5:
MR6:
MR7:
MR8 :
MRY:
MR10:
MR11:
MR12:
MR13:
MR14:
MR15:

MRPO
MRP1
MRP 2
MRP3
MRP 4
MRP 5

EQU
EQU
EQU
EQU
EQU
EQU

DS

EQU
EQU
EQU
EQU

EQU.

DS
EQU

DS

EQU
EQU
EQU

DS

EQU
EQU
EQU

DS
EQU
EQU

ORG
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

EQU
EQU
EQU
EQU
EQU
EQU

XBITS+1.
XBITS+1.
XBITS+1.
XBITS+1.
XBITS+1.
XBITS+1.

1

SFLAG.3
SFLAG. 4
SFLAG.5
SFLAG. 6

. SFLAG.7

1
BUFPTR.

1

DBANDI1.
DBANDI.
DBANDI1.

1

DBANDZ.
DBANDZ2.
DBANDZ.

1
PO1BUF.
PO1BUF.

O0FECOH

I S S T W N T Y U (S

MR2
MR4
MR 6
MP.8
MR10
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; HOME DONE FLAG

;CIRCLE DIRECTION FLAG
;CIRCLE GREATER THAN 180 FLAG
;POSITION FREEZE FLAG

; SUBROUTINE BUFFER OPEN FLAG

;DWELL REQUESTED

;HOME IN PROGRESS

;DWELL IN PROGRESS

; CONTINUOS MOVE REQUESTED

...oMEMORY MODIFY REQUESTED

; STOP REQUESTED

; BUFFER DATA FLAG
;DMA IO IN PROGRESS
;DMA OUTPUT MODE

;PLC BUFFER OPEN FLAG
;PLC RESULT DECODE FLAG
;PLC COMMAND FLAG

+MOVE UNTIL INTERRUPT ENABLE
; TORQUE MOVE IN PROGRESS BIT

;REGISTER BANK 3



FEDO
FED1
FED2
FED3
FED4
FEDS
FED6
FED7
FEDB8
FEDS
FEDA
FEDB
FEDC
FEDD
FEDE
FEDF

FEEOQ
FEE1
FEE2
FEE3
Fred
FEED
FEE®
FEE7
FEES
FEES
FEEAR
FEEB
FEEC
FEED
FEEE
FEEF

FECC
FECE

FEDO
FED2
FED4
FED6
FEDS8
FEDA
FEDC
FEDE

FEEQ
FEEZ
FEEA4
FEE®6
FEES8
FEEA
FEEC
FEEE

MRP 6
MRP7

SRO:
SR1:
SR2:
SR3:
SR4:
SR5:
SR6:
SR7:
SR8:
SRS:

SR10:
SR11:
SR12:
SR13:
SR14:
SR15:

SRPO
SRP1
SRP2
SRP3
SRP4
SRP5
SRP6
SRP7

IRO:
IR1:
IR2:
IR3:
IR4:
IR5:
IRG:
IR7:
IRB:
IR9:

IR10:
IR11:
IR12:
IR13:
IR14:
IR15:

IRPO
IRP1
IRP2
IRP3
IRP4
IRPS
IRP6
IRP7

EQU
EQU

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

MR12
MR14

| SR S S T W T S e

SRO
SR2
SR4
SR6
SR8
SR10
SR12
SR14

e S ST S R W VP U S G U U I ST T Y

IRO
IR2
IR4
IRG6
IRS
IR10
IR12
IR14
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;REGISTER BANK 1
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FEFO
FEF1
FEF2
FEF3
FEF4
FEFS
FEF6
FEF7
FEF8
FEFS
FEFA
FEFB
FEFC
FEFD
FEFE
FEFF

FEEO
0701
0702
0703

FEEZ2
FEE3

FEE4
FEES
FEE®6
FEES8
FEEA

FEFO
FEF2
FEF4
FEF6
FEFS
FEFA
FEFC
FEFE

FEF 4
FEFS8
FEFA

IOBITS
AARDRSD
ADRSED
RS232

ADDRES
BLNGTH

STIME
ACC
PHW2
PENC2
PENCA4

PRO:
PR1:
PR2:
PR3:
PR4:
PR5:
PR6:
PR7:
PRS8:
PRY:
PR1O:
PR11:
PR12:
PR13:
PR14:
PR15:

PRPO
PRP1
PRP2
PRP3
PRP4
PRP5
PRP6
PRP7

IPOSZ2
PDVELZ2
FDPOT

EQU
EQU
EQU
EQU

EQU
EQU

EQU
EQU
EQU
EQU
EQU

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU

IR0

IOBITS.1
IOBITS.2
IOBITS.3

IR2
IR3

IR4
IRS
IRP3
IRP4
IRPS

L e I T o B Y S Y S A Sy e RS R S Ry U R O P

PRO
PR2
PR4
PR6
PR8
PR10
PR12
PR14

PRP2

PRP4
PRP5
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;ALL CARDS ADDRESSED
; THIS CARD ADDRESSED
;R5232 MODE

;CARD ADDRESS
; INPUT BUFFER LENGTH

; SERVO TIMER

;PREVIOUS HADNWHEEL VY-AXIS
;PREVIOUS ENCODER Y-AXIS
;PREVIOUS AV.ENCODER Y-AXIS

;REGISTER BANK 0

; ERROR INTEGRAL Y-AXIS
;PREV. DESIRED VEL Y-AXIS
;PRESENT FEED POT



MEMORY AND 1I/0 MAPS

R AR A A E R R A N R R S A S S A R A A R R R N R R P A R R R F P R A R P R A R A A A R AR N R P AR A AR AR AR R AR

EXTERNAL RAM 05/09/89
PARABOLIC ‘l’b ,
AR AR A R R A A AR A A R A R A A Y A A N R R P A R R R R A A A R R R R A R AR A A AR A AR R AR AR R AR ARR R R R
ORG OROOOH

2000 ADPOS1: DS 4 ;NEXT DESIRED POSITION X-AXIS
2004 ADPOS2: DS 4 ;NEXT DESIRED POSITION Y-AXIS
A008 ADVELl: DS 4 ;NEXT DESIRED VEL X-AXIS
200C ADVEL2: DS 4 ;NEXT DESIRED VEL Y-AXIS
2010 NACELl: DS 6 ;NEXT DESIRED ACCEL X-AXIS
2016 NACEL2: DS 6 ;NEXT DESIRED ACCEL Y-AXIS
a01C NJCEL1l: DS 8 ;NEXT DESIRED ACCEL DOT X-AXIS
n024 NJCEL2: DS 8 ;NEXT DESIRED ACCEL DOT Y-AXIS
A02C NMVTM1: DS 4 ;NEXT DESIRED MOVE TIME
A030 DS 144
A0CO NDPOS1: DS 4 ;FINAL DESIRED POSITION X-AXIS
A0C4 NDPOS2: DS 4 ;FINAL DESIRED POSITION Y-AXIS
A0CS8 NDVEL1l: DS 4 ;FINAL DESIRED VEL X-AXIS
20CC NDVEL2: DS 4 ;FINAL DESIRED VEL Y-AXIS
A0DO CCOUNT: DS 2 ;CONTINUOS MOVE COUNT
A0D2 CDPOS1: DS 6 ;CONT.MOVE DESIRED POS. X-AXIS
AODS DDPOS1: DS 6 ; CONT.MOVE DELTA POS. X-AXIS
AODE CDPOS2: DS 6 ; CONT.MOVE DESIRED POS.Y-AXIS
AQE4 DDPOS2: DS 6 ; CONT.MOVE DELTA POS.Y-AXIS
AOEA FDRATE: DS 4 ; FEEDRATE /TIME

AOEA  TIME EQU FDRATE
AOEE TEMP: DS 16
AQFE ATIME: DS 2 ;ACCEL TIME
2100 STABLE: DS 128 ; SYMBOL TABLE L00O-L63
A180 CTABLE: DS 128 ; SYMBOL TABLE C00-C63
200 MTABLE: DS 64 ; SYMBOL TABLE MO0-M63
A240 PTABLE: DS 60 ; PARAMETER TABLE P01-P15
n27¢C STEND: DS 2 ; STORAGE END POINTER
A27E LBPTR: DS 2 ; SUBROUTINE LIBRARY POINTER
A280 BGPTR: DS 2 ;PLC POINTER
A282 STACK: DS 124 ; SERVO STACK
A2FE STKEND :
A2FE SSTPTR: DS 1 ; SERVO STACK POINTERS
A2FF STKPTR: DS 1
A300 XRBUFF: DS 65 ; COM BUFFERS

A300  XTBUFF EQU XRBUFF
A341 DISTIM: DS 2 ;DISPLAY TIMER
A343 DISCNT: DS 1 ;DISPLAY COUNTER
A344 BDPTR: DS 9
A34D BPOS1: DS 4 ;BIAS POSITION X-AXIS
A351 BPOS2: DS 4 ;BIAS POSITION Y-AXIS
A355 HPOS1: DS 4 ;HOME POSITION X-AXIS
A359 HPOS2: DS 4 ;HOME POSITION Y-AXIS
A35D LSTMOD: DS 1 ; EXTENTED READ MODE
A35E VTIME: DS 2 ; VELOCITY TIMER
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R360
R364
A368
r36C
A370
A374
A378
A37C
A382
A388
A38C
A390
A392
A396
A39A
A38C
A3SE
A3A0
A3R2
A3A4
A3R6
A3An7
A3AD
A3B3

A3B5
A3B7
A3B8
A3BS
A3BA

A3BB
A3BD
A3BF
A3CO
R3C4
A3C6
A3CS8
A3CA
A3CE
A3DO
A3D1
A3D3
A3D7
A3DB
A3DF
A3ES
A3ES
A3EB
A3EF
A3F3
A3F7

2400
A402

DSPO0OS1:
DSPOS2:
DSVEL1:
DSVELZ:
FXRATE:
FYRATE:
THETA:
DTHETA:
DDTHET:
RADX:
RADY:
TCOUNT:
ADIVPl:
ADIVP2:
ADCNT:
LSTCTR:
LSTPTR:

‘EDPTR:

PDPTR:
RAMEND :
DEPTH:
FREE:

DTPTR:

STPTR:
160:
I16l:
IBITSY:
I180:

100:
I01:
104:
106:
108:
110:
I112:
I117:
125:
I131:
134:
I135:
I136:
137:
138:
I51:
154:
I55:
156:
157:
I58:

164:
165:

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

DS
DS
DS
DS
DS

DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS
DS

DS
DS

I =N N NDRNRNRRNN G S RN D S O D O DD b

WO b Db N O DD DN RND NN D NN

NN
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;DISPLAY POSITION X-AXIS
;DISPLAY POSITION Y-AXIS
;DISPLAY VEL X-AXIS
;DISPLAY VEL Y-AXIS
;PARABOLIC FEEDRATE X-AXIS
;PARABOLIC FEEDRATE Y-AXIS

;CIRCLE
;CIRCLE
;CIRCLE
; X-AXIS
;Y-AXIS

ANGLE
DESIRED ANGLE
DELTA ANGLE

RADIUS
RADIUS

;AUTO DIVIDE POSITION X-AXIS
;AUTO DIVIDE POSITION Y-AXIS
;AUTO DIVIDE COUNT

;EXTENTED READ COUNTER
;EXTENTED READ POINTER

;EDIT POINTER
;PREVIOUS PROGRAM POINTER
;END OF RAM ADDRESS

;PLC DEPTH COUNTER

;FREE SPACE

; PROGRAM POINTER

; STORAGE POINTER
;X-AXIS DEADBAND
;Y-AXIS DEADBAND

;PHASE LOCK GAIN

;FOLLOWING ERROR
;IN POSITION BAND
s HOME FEEDRATE
;SYSTEM FEEDRATE
;ACCEL TIME
;FOLLOWING ERROR WARNING
;MOVE DELAY TIME
;DISPLAY MODE

; X-AXIS
; X-AXIS
; X-AXIS
; X-AXIS
; X-AXIS
; X-AXIS
; X-AXIS
;Y-AXIS
;Y~-AXIS
;Y-AXTIS
;Y-AXIS
;Y-AXIS
; Y-AXIS

HOME OFFS
JOG SPEED
BACKLASH
POSITIVE
NEGATIVE
POSITION
POSITION
JOG SPEED
BACKLASH
POSITIVE
NEGATIVE
POSITION
POSITIOCON

ET

POSITION LIMIT
POSITION LIMIT
RANGE
FORMAT

POSITION LIMIT
POSITION LIMIT
RANGE
FORMAT

;X ENCODER/RESOLVER BASE ADD.
;Y ENCODER/RESOLVER BASE ADD.



A404

A405
R406
A408
A40Rn
A40E
R412
A413

Ad14

2400

C000
C000
F&800

m:parab.ram

166:

167:
168:
169:
170:
I71:
172:
I173:

PSTART

XSTART:

PBKEND
EARTST
P23END

DS

DS
DS
DS
DS
DS
DS
DS

EQU
DS

EQU
EQU
EQU

(o=}

[l o ~ Y <N S B N I S

OA400H
1

0COOOH

0COOOH
OF800H
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; SPEED OF SECOND X RESOLVER

; SPEED OF SECOND Y RESOLVER ,
: SECOND X RESOLVER BASE ADDRESS
; SECOND Y RESOLVER BASE ADDRESS

;X ENCODER/RESOLVER BIAS

;Y ENCODER/RESOLVER BIAS

;X ENCODER/RESOLVER SIZE

;Y ENCODER/RESOLVER SIZE

;PROGRAM BUFFER START ADDRESS

7/31/89
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EXAMPLE #1

BACK AND FORTH X AXIS ONLY (WITH WAIT AT EACH END):

A0 ;Address card AQ

z ;Clears program buffer, leaves subroutines,
;if any. This command is not stored in the
;buffer.

FOR 0 ;Start infinite loop

F1024 ;100% feedrate, as specified by i06

X100000 ;Move to 100000 encoder counts

DWE 1024 ;Wait 1 second

X0 ;Move back to 0

DWE 1024 ;Wait 1 second

END ;Closes all loops and ends program

;Program is started by "R" Run Command or
; "RUN" control panel switch and will run
;forever. To stop, send "S" Step, "Q"
;Quit, "g" Abort, or *"H" Feed Hold

; Commands.

NOTE: All comments are preceded by ";". The SMCC will NOT
ACCEPT a program written with comments so these must be
stripped off before the program 1is sent to SMCC.
SMCQ V2.7 and SMCC V3.X IBM PC programs for the SMCC
automatically strip the comments off prior to
transmission of a program written by the editor.

EXAMPLE $2

BACK AND FORTH Y AXIS:

Note that on any given SMCC, selecting X as opposed to Y axis
simply consists of addressing the desired SMCC (A0 to Af) and
then commanding an X or a Y move. The previous example shows an
X axls move; to change that to a Y axis move, all that is
required 1s to change X100000 to Y100000 and X0 to YO.

EXAMPIE #3

USING SMCC’'s X AND Y AXIS:

Even thoucgh the SMCC is a two axis controller, some restrictions
apply to the use of the two axes because they are not independent
of each other and must be used in conjunction with each other.
For example, it is NOT possible to tell the X axis to make a move
and then later, randomly, tell the Y axis to make a move. In
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order to move the X and Y axes non-simultaneously, programs must

be written in such a way as to position or time synchronize the

two moves. For example, assume we want to move X axis to 10000 o !7
first and then, without stopping, move the X and Y axis to 20000,

finally, return X and Y to zero.

The program would look as follows:

AQz ;Address card and clear buffer
F1024 ;Set feedrate
STA ;Start executing following blocks in

;automatic "RUN" mode, without
;stopping between blocks, until an
;"STO" is executed (an "S" Step
;Command or switch input is received).
;If the "R" Run command is used to
;start this program, the STA is not

;needed.
X10000 ;Move X to 10000, Y stays at 0
X20000 Y20000 sMove X and Y to 20000, Y starts

;moving when X reaches the point
;at which deceleration would
sbegin for a 10000 count move.
;Refer to "Synchronized Two Axis
;Motion" diagram for detailed
;explanation.

;A slightly rounded corner will be
;made since Y is accelerating
;while X is moving at full speed.
;It is important to note that when
;X 1s moving alone the velocity is
7106, since F1024 is 100% of i06.
;However, during the simultaneous
;X and Y move, it is the diagonal
;path which is at that velocity,
;and the continued X move takes
;place at a slower velocity. A
;general formula for velocity
;calculation 1is

JFX or y=F ([X or Y]/[X%+Y2] 1/2)
;where F is feedrate and X and Y
;are the respective move distances.

STO ;Forces a stop and cancels the
; STA command

X0YO0 sReturns X and Y axis to zero
;Note that an "S" Step or "R" Run
;is required to start this last
;move since STO forces a stop.
;Both X and Y are now moving to

;position 20000 to position 0, at a
;velocity of: F1024/1.414. ’
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The same type of move, but with variable velocity, can be done
using the T (time) Command instead of feedrate, as follows:

AQz

T2048 ;Set time for all succeeding moves to
;two seconds.

STA ;Start a continuous run

X10000 ;X moves from 0 to 10000, then 20000,
;Its velocity does not change

X20000 Y20000 ;Y axis will begin to move at
;time T and will move
;twice as fast as X.

STO ;Stops program execution

X0YO0 ;Returns X and Y axis to zero at twice
; speed

END

EXAMPLE #4

BACK AND FORTH, X AND Y AXIS, 45 DEGREES:

z 50 ;Clears program buffer and all subroutines,
srreserves 50 lines for program.

STA ;Start continuous motion

FOR150 ;Start a loop for 150 cycles

F1024 ;Set feedrate to i06 value

X100000 Y100000 Move X and Y to 100000 at specified
; feedrate

DWE 1024 ;Wait 1 second

X0Y0 ;Move X and Y to zero

DWE 1024 ;Wait 1 second

END ;End of program and end of loop. Program is

;started by sending "S" Step Command and
;will run back and forth 150 times before
;stopping.

NOTE: The feedrate is that which applies to the diagonal path
generated, the SMCC calculates the needed rates for X and
Y to satisfy that reguirement. In this case of a 45
decree angular move, Fx and Fy are both equal to
F1024/1.414.
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EXAMPLE #5

SQUARE WITH ROUNDED CORNERS (ACCEL TIME 108 CONTROLS ROUNDING OF ,

THE CORNERS) . (START IN THE MIDDLE OF SQUARE’S SIDE.):

z ;Clear program buffer, leave subroutines

Z ;Set X and Y position to zero

F1024 ;100% feedrate

X50000 ;Move to first corner

Y100000 ;Move to second corner, starts while X is
;decelerating

X-50000 ;Move to third corner, starts while Y is
;decelerating

YO0 ;Move to fourth corner, starts while X is
;decelerating

X0 ;Back to start position, starts while Y is
;decelerating

END ;End of program

The rounded corners are obtained because the SMCC’s move time for
a block of data does not include deceleration time. Therefore,
as one axis begins its deceleration, the other begins its
acceleration; if successive X and Y moves are made, motion will
overlap during decel of one axis and accel of the other, causing
a grounded corner. Even though the round corner is not exactly
circular, it 1s accurately repeatable.

EXAMPLE #6

SQUARE WITH SHARP CORNERS (START AT CORNER) :

250 ;Purge buffer and all subroutines and
;reserve 50 lines of program

F1024 ;100% feedrate

X100000 sMove to first corner

DWE O ;Force a stop

¥100000 ;Move to second corner

DWE O ;Force a stop

X0 ;Move to third corner

DWE O ;Force a stop

Y0 ;Move to last corner

END ;End of program

In this case, since a delay of 0 is invoked, each axis must stop
before the next one begins, thus avoiding rounded corners.
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EXAMPLES

SMCC MCC
PROGRAM MINI-T OR SMCC PROG
o AD TWO AXIS SYNCHRONIZED MOTION RAM
* T1024/ONE SECOND MOVE AO (X) A1 (Y)
X5000 Y5000 T1000 T1000
X10000 Y5000 MOVE TIME "T" IS FROM X5000 X5000
X15000 Y15000 START OF MOTION TO BEGINING X10000 X5000
X20000 Y20000 OF DECEL X15000 X15000
END X20000 X20000
PATH TO BE FOLLOWED IF A0 M30 M30
ISSUE "R" RUN WAS TO STOP.
COMMAND TO RUN
THE PROGRAM 0 1000 2000 3000 4000
T & g T .
H i 1
i [} i
. ) 1 I 1
IOB - r__ i E
(ACC./IDEC. TIME) l | i
i i E
AQ POSITION (X) 0 5000 10000 15000 20

TOTALMOVE  __
TIME IS (T+i08)

—
1 i
A1 POSITION (Y) |0 5000 10000 15000 20000
5000

ACCEL OR DECEL
A1 (Y) MOTION STARTS DISTANCE IS:

AT BEGINING OF
DECELERATION OF AQ (X).

“
\\~
-
s
»
I
i
1
'
1
]
g e e O e
o
o

i06 X (F/1024)/[(i08/1024) X2]
AND IS INDEPENDENT OF "%" OR
Q "POT" VALUE.
* USE 1024 FOR SMCC,
1000 FOR MINI-T

(MINI-T)
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EXAMPLE #7

SINUSOIDAL ACCELERATION (BACK AND FORTH X AXIS MOVE WITH WAIT AT
EACH END) :

AQz ;Card address is AQ, clear program buffer
;only

FOR O ;Start a loop forever

F1024 ;Set feedrate to 106 value

CIR O ;Set circular mode, CW

R = 10000 ;Set accel distance to 10000 lines (Radius)

X10000 wy 10000 ;Circular accel, note that Y axis is doing
;a phantom move while X is moving

LIN ;Set linear mode

X980000 ;Linear move to 80000

CIR 0 ;Set circular CW mode

X100000 WYy -10000 ;Circular decel to position 100000

DWE 1024 ;Wait 1 second

X90000 WY -10000 ;Circular accel

LIN ;Set linear mode

X10000 ;Linear move

CIR O ;Set circular CW mode

X0 WYy 10000 ;Circular decel to zero position

DWE 1024 ;Wait 1 second

END ;End of program and end of loop

;Program will repeat forever if Run Command
;is issued.

The Y axis wait moves are for making the SMCC think it’s doing a .
circle while in reality the X axis only is moving. X does a sine
move while Y does a fictitious incremental cosine move.
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EXAMPLE #8

SQUARE WITH CIRCULAR CORNERS, SMCC

z /CLEARS PROGRAM BUFFER
F1024 /SET FEEDRATE TO VALUE OF i06
CIRO /CW CIRCLE, SET CIRCULAR MODE
R=10000 /RADIUS OF 10000
C=0 /OFFSET=0
1) U10000V10000 /INCREMENTAL CIRCULAR MOVE TO POINT 1
LIN /SET LINEAR MODE
2) U80000 /MOVE X TO 80000, INCREMENTAL, TO POINT 2.
(CIRO /SET CIRCULAR CW MODE
3) U10000V-10000 /INCREMENTAL CIRCULAR MOVE TO POINT 3.
LIN /LINEAR MODE
4) V-80000 /MOVE Y TO-80000,INCREMENTAL TO POINT 4
CIRO /CIRCULAR MODE
5) U-10000V-10000 /MOVE TO POINT 5
LIN /LINEAR MODE
6) U-80000 /MOVE TO POINT 6
CIRO /CIRCULAR MODE
7) U-10000V10000 /MOVE TO POINT 7
LIN /LINEAR MODE
8) V80000 /MOVE TO POINT 8
END /END OF PROGRAM

|

] | B
! I

§

|

]

]

]

!

i

=“—100000 —»
(SQUARE)
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EXAMPLE #9

START —

ELLIPSE, HORIZONTAL

F1024
CIRO
RX=50000
RY=25000
X100000
X0

END

-._..._.__.-..—.-..._—-...._-.......——.._——-—_-—--—-_—..—..._.-_-.._....____-..-.-_—--.--..__...._.....__

EXAMPLE #10

/SET FEEDRATE TO i06 VALUE
/SET CIRCULAR CW MODE.

/X RADIUS=50000

/Y RADIUS=25000

PROGRAMMING EXAMPLES

@

/MOVE TO 180 DEGREE POINT, Y NOT SPECIFIED (ZERO MOVE)

/MOVE TO ZERO
/END OF PROGRAM

ELLIPSE, VERTICAL

/MOVE TO 180 DEGREE POINT, Y NOT SPECIFIED (ZERO MOVE)

F1024 /SET FEEDRATE TO i06 VALUE
CIRO /SET CIRCULAR CW MODE.
RX=25000 /X RADIUS=25000
RY=50000 /Y RADIUS=50000
X 50000
X0 /MOVE TO ZERO
END /END OF PROGRAM
50000 (RY)
START —»

(ELIPSE)

25000 (RX)
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o EXAMPLE #11

CIRCLE

STA
F1024
CIRO
R=50000
C=0

X 100000
X0

END

START

(NO STOP)

/START A CONTINUOUS RUN

/100% FEED

PROGRAMMING IXNAMPLL:>

100000

/CLOCKWIZE CIRCLE, 180 DEGREES

/RADIUS = 50000 LINES
/OFFSET = 0 (CIRCLE)
/MOVE ONE DIAMETER

/MOVE BACK ONE DIAMETER

/END OF PROGRAM

EXAMPLE #12

TILTED ELLIPSE,

CIRO
. R = 50000
C = 4194304

U 100000 V50000

45 DEGREES

/MAKE CIRCLE CW.
/SET RADIUS TO 50000

/MOVE FROM POINT 1
/TO POINT 2

U-100000 V-50000 /MOVE

END

(CIRCLE

/FROM POINT 2 TO 1

—

2°23 x CIRCULAR OFFSET
C= RX

CIRCULAR OFFSET IS THE
POINT AT WHICH THE
ELIPSE TOUCHES THE
SQUARE. (T.P))

€ : 25000
<—— 50000

START — 1

oo\

28]

(98]
i




PROGRAMMING EXAMPLES

EXAMPLE $#1

CASE INSTRUCTION, READ ONE THUMBWHEEEL:

Suppose a BCD thumbwheel switch is connected to the parallel port
whose address is ffb8. We want to execute different programs
depending on the thumbwheel switch setting. The thumbwheel is
connected to data bits 0 to 3 (Lower Nibble) and the strobe is
grounded. The program can be written as:

SET C20 = ffb8 ;Define C20 as parallel port address ffb8

CASE 20, 10L /The Case Command specifies looking at
;address C20 and permits a jump to a table
;0f 10 instructions following the Case
;Command by reading the Low Nibble
;(L: Lower 4 bit) of C20 and Jumping
;to one of the following 10 instructions
;depending on the value read from the
;thumbwheel. For example, if the thumbwheel
;1s set to a value of 5 (bit 0 = 1 and bit
;3 = 1), then the Case instruction will
;execute the 6th step or line in the table.
;in this case, the GOSUBOS instruction and
/will then continue with the first
;jinstruction after the end of the table.

; TABLE START

GOSUB 00 ;Execute Subroutine 00 and return to SETO01
GOSUB 01 ;Execute Subroutine 01 and return to SETQ1
GOSUB 02 ;Execute Subroutine 02 and return to SETO01
GOSUB 03 ;Execute Subroutine 03 and return to SET01
GOSUB 04 ;Execute Subroutine 04 and return to SETO01
GOSUB 05 ;Execute Subroutine 05 and return to SETO01
GOSUR 06 ;Execute Subroutine 06 and return to SETO01
GOSUR 07 ;Execute Subroutine 07 and return to SETO1
1024 ;Define feedrate and do SET 01 Instruction
GOTO +10 ;Skip 10 Instructions and then proceed

:The skipped instructions start with SET 01,
;the 1st instruction following the "Case"
;table.

;TABLE END. Note that the table may contain
;any instruction (except CASE, RETURN, or
/END), but only one instruction

;per line may be used.

;After the execution of subroutines or any
;o0f the instructions in the table, the
/Program returns to the instruction

;following the "Case" Table and then
;continues.

If the thumbwheel data is out of the table’s range, SMCC executes
the next instruction following the table, in this case, SET 01.
Please refer to "Typical Thumbwhee] Connection" diagram for

hardware description. Note that since only one thumbwheel is
used, no diodes are needed.
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1 KOHM SIP P/N AB 710A102

4.7 KOHM SIP P/N AB 710A473

ON SMCC,221 DIODES, TYP. 84 PLCS. H.P. IN6263 SCHOTTKY (PREFERRED) N.C. OR N.O.
JPAR-RS232 ALTERNATE CHOICE, IN4148, (LESS NOISE IMMUNITY HE X OR DECIMAL
J2 NOT RECOMMENDED:) ALSO, CHANGING PULL-UP SIP RESISTOR f
....... Z21 ON SMCC FROM 1 KOHM TO 4.7 KOHM WILL IMPROVE NOISE
STRB/ | A32 IMMUNITY. 221 IS SOCKETED N /
DATO | A31 11— T
DAT1 | A30 . g
DAT2 | A29 4— =
DAT3 | A28 82 o
GND | C32 ¥
\'P INPUT STROBE GROUNDED TO ALLOW
THUMBWHEEL DATA INPUT
DAT4 | A27 1 -
DAT5 | A26 2 S
DAT6 | A25 4 =
DAT7 | A24 8 wn
C
O SELO C31 SW. COM. #1,2 ¢
S SELECT LINES0TO 7 T-_RL__. 1
TO BE TAKEN LOW OR HIGH, 2
ONE AT A TIME TO READ LA
E THUMBWHEELS SEQUENTIALLY
CD SEU C30 TO SWITCH USE AS MANY THUMBWHEEL
#3,4 COMMON SWITCHES AS NEEDED FOR
c SEl2 | C28 [——® TOSWITCH AS MANY FUNCTIONS AS
REQUIRED. WRITE PROGRAM
c "#f%BSSVCl)"IMCr\ﬂ{ON TO SUIT THE APPLICATION.
SEL3 29 b—r>
| #7,8 COMMON ~ /\/ 5
SEL4 | C27 ——— TO SWITCH < 4 =
#9,10 COMMON >t 8 C 2
SELS | C26 b——-—#TO SWITCH [
#11,12 COMMON
SELe | C25
SW. COM. #13,14 > 1 T
2 2
8 w
SHIELD ALL LINES d C
AND GROUND TO C32 |
IF CABLE LENGTH IS
OVER 3 FEET OR
ENVIRONMENT IS ! z
ELECTRICALLY NOISY j =
<l &
v 8 ¢
- ]
9 — ..SP_LZ_ Ca4 SW. COM. #1 5,1 6 SEE SMCC "PROGRAMMING EXAMPLES® FOR USE OF THUMBWHEELS

ronuvoeihvndidiiie e Lanll

TYPICAL THUMBWHEEL CONNECTION TO SMCC PARALLEL PORT

#1

#2

#14

#15

#16
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EXAMPLE 414 ,

THUMBWHEEL SWITCHES:

This program allows two thumbwheel switches to be used for
determining the size of a move. The size of the move is to be
the thumbwheel wvalue x 1000. Thumbwheels are connected to the
parallel I/0 port. Units at bits 0 to 3 and tens at bits 4 to 7.
Thumbwheels must be "open" for a one and the wiper must be
grounded. The SMCC’'s parallel port input strobe may be
permanently grounded since only two thumbwheels are used, or may
be grounded momentarily to enter new data.

2100 ;Clear buffer and all subroutines, reserve
;100 lines for program buffer.

Z ;Set current position to zero for both X and
;Y axis.

SET C10 = ffb8 ;Parallel port address. Define Cl10 to be
;address ffb8.

SET P2 = 1000 ;Sets variable parameter P2 to 1000

F1024 ;Set feedrate to value of 106

FOR 0 ;Start a loop and do forever

GOS 00 ;Go to subroutine defined by label 00 (L00)

X (P1*P2) ;Make an X move which is the product of P}
;and P2

DWE 1024 ;Wait for 1024 "Binary Milliseconds"
; {1 second)

X0 ;Return to position X0

DWE 1024 ;Wait 1 second

END ;End of program

L00 ;Subroutine 00, reads thumbwheels and
;determines value of P1

SET P1 = 0 ;Initialize value of variable parameter P1
;to be zero _

CAS 10, 10L ;CASE command. CAS 10 tells the SMCC

;to read the value of the data at address
;defined by C10 which is ffb8 or the parallel

SET Pl = 0 ;port. CAS 10, 10 tells the SMCC that the

SET P1 =1 ;CAS Command has a 10 step table of moves

SET Pl = 2 ;following it. CAS10, 10L tells the SMCC

SET P1 = 3 ;to use the lower 4 bits (0 to 3) or units

SET P11 = 4 ;thumbwheel, of the data at address Cl10 or

SET Pl = 5 ;£fb8 in order to determine which step in the

SET Pl = 6 ;table to execute. The SMCC executes the

SET Pl = 7 ;defined step and then is ready to execute

SET Pl = 8 ;the instruction following the last step in

SET Pl = 8 ;the table, in this example the next step is
;another CASE instruction.

CAS 10, 10H ;This CASE instruction tells the SMCC to use

SET P1 = P1 + O ;the same address, C10 or ffb8, but to use the

SET P1 = P1 + 10 ;higher 4 bits (4 to 7) or ten’s thumbwheel .

SET P1 = P1 + 20 ;to determine its action.
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SET P1 = P1 + 30 ;The 1st CAS determines Pl’s value for the
SET P1 = P1 + 40 ;units and the second CAS adds the tens

SET P1 = P1 + 50 ;value. The total value of Pl is then

SET P1 = P1 + 60 ;multiplied by the value of P2, (1000) and
SET P1 = P1 + 70 ;the result is used by the SMCC to make its
SET P1 = Pl + 80 ;move, by multiplying the values of P1 and
SET P1 = P1 + 90 ;P2.

RET ;End of subroutine return to program step

;following GOS00.

To continue on usage of thumbwheel inputs, the above program only
treats two thumbwheels which are read simultaneously and can
always Dbe enabled. In order to read three to sixteen
thumbwheels, it is necessary to use the SEL0 to SEL7 lines on the
parallel port in order to progressively select different banks of
thumbwheels, please refer to the diagram "Typical Thumbwheel
Connection to SMCC Parallel Port" which shows how sixteen
thumbwheels can be read. Since in the previous example it was
necessary to ground (take low) the common line of the thumbwheels
in order to,enable them, we will continue with the same
assumption but with SELO controlling the first pair of
thumbwheels. It is then necessary to write a binary value
(written in hexadecimal format) to memory location ffbg using the
"w" Command (online) or the "mm" Command (in the program buffer)
such that only SELO will be low and SEL1 to SEL7 will all be high

(disabled). The binary values of SEL(Q to SEL7 are:

SELO = 1 SELl1 = 2 SEL2 = 4 SEL3 = B8... SEL6 = 64 SEL7 = 128
(01H) (02H) (04H) (GBH) (40H) (80H)

Writing a value of 255 (ffH) would set all SEL’s to a true value

(ALL high). A value of 254 (feH) would set SELO low and all

others high. Therefore if the command mffbg, fe is inserted

following the L0O0 statement in the example program, the SELO line
only would be low thus enabling the first pair of thumbwheels.
Similarly, successive pairs of thumbwheels can be selected by
setting ffb9 to 253 (fdH), 251 (fbH), 247 (f7H), 239 (efH) , 223
(dfH), 181 (bfH), and 127 (7fH), and writing appropriate
subroutines to use the thumbwheel values for setting distance,
velocity, accel/decel, dwell, loops, selecting subroutines, or
any other variable.

If the thumbwheels and the system used require a high to be
enabled, "mffb9,1" would turn on SELO only and leave SEL1 to 7
turned off. Successive values for ffb9 then are: 1, 2, 4, 8, 16
(10H), 32 (20H), 64 (30 H), 128 (40H).

The format for the "w" or "mm" Command is:

mm or w (address in hex), (value in hex). For example, mmffb9,dl
means write a value of 209 to address ffb9 which sets SELO, 4, 6
and 7 high and SEL 1,2,3, and 5 low.
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If more than sixteen thumbwheels are to be read, 1t becomes
necessary to use either other controllable outputs from the SMCC
such as MOl to MO5 where the SET and RESET buffer commands can be
used, add the Accessory 14 board which provides 48 individually
programmable inputs or outputs, or to provide an external
decoder for the SELO to SEL7 lines which, if all eight lines are
used, can theoretically produce as many as 256 individually
selectable outputs for reading 512 thumbwheel switches! The new
Accessory 18, Thumbwheel Multiplexer Board, provides this
external decoding.

EXAMPLE #15

CONTROLLING JOG RATE WITH PLC:

This PLC program causes the SMCC to jog at high speed in the
position band outside +/-30000 counts and at very low speed when
inside the +/-30000 count range.

IF MO1 = 0 ;PLC starts with IF statement. Use M0O]
;to toggle

AND AX > =-30000 ;Check X position to be between -30000
;and 30000

AND AX < 30000

THEN M01 = 1 , ;5et MO1 to a 1

AND 131 = 10 ;Change jog speed to low speed

IF MOl =1 ;Second PLC statement

AND AX < -30000 ;Check X position to be outside the
;-30000 to 30000 band

OR M0O1 = 1

AND AX > 30000

THEN M01 = O ;Set MOl to a 0

AND I31 = 240 ;Change jog speed to high speed

END ;End PLC program

EXAMPLE #16

PLC WITH MESSAGE OUTPUT/VOLTAGE CONTROLLED FEEDRATE
(STD AND PARABOLIC SOFTWARE DATED 4/1/88 AND LATER ONLY) :

The object of this PLC program is to allow an coperator to
selectively enable or disable the i14 parameter, used to control
the source from which the % feedrate override can be issued with
114 set to zero (i140), "%" Commands can be sent via the terminal
(host computer) or executed in the program buffer, "POT" Command.
When 114 is set to a one (1141), the SMCC disables the "% and
"POT" Commands and accepts its feedrate from one of its analog

inputs, "ANA 2" located on "Jl, JMACH" pin “C1". A nominal 2K
ohm pot may be used between GND and +5 volts, with the wiper
attached to Jl, pin C1. Shielded wires and some capacitive
filtering are recommended since the feedrate is now voltage

controlled and any noise on this input will cause velocity
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(PLC 1)

(START PLC PROGRAM)

PROGRAMMING EXAMPLES

PLC PROGRAM FOR CONTROLLING
114 AND SENDING MESSAGE TO HOST

IF
M30 = |
AND
M31=1 |TRUE THEN
IF
FALSE
MO3 = 0
TRUE
FALSE THEN
MO3 = |
AND
IF
M02=0  T7riE
FALSE
ELSE ELSE y ELSE y THEN
DO
MO3 =0 MO2 =0 MO2 = |
NOTHING D D
114 =0 114 =1
AND AND
SEND SEND
“114=0 “Na4=1"
\

END END PLC PROGRAM

IF- OR CONTINUE TO NEXT PLC STATEMENT.
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fluctuations in the SMCC. 0 volts in corresponds to 0 feedrate
and 5 volts in corresponds to 100% feedrate.

In order to select the source of feedrate control, we choose to

use the "=" switch (also known as "prejog" switch) on the control
panel to alternately change the state of il4 from a zero to a
one, each time it is activated. The program proceeds as follows

(please refer to accompanying figure to follow the PLC program):

A0z ;Address card, clear program buffer,
;leave subroutines and PLC program
;undisturbed

SET C00 = ff3a ;Define C00 to be address ff3a

;Refer to I/0 map for control panel
;and other input memory mapping
Cc00.2 ;Define M30 to be bit two of address
;£f3a
C00.3 ;Define M31 to be bit three of
;address ff3a. Note that when "=¢
;switch is active, bits 2 and 3 of
;ff3a become true.
F1024 ;Set feedrate to 100%
HOM ;Go home
etc. ;Programmed moves here
1 !
) !
! !
END ;End of program
AQ ;Address card
PUR ;Purge existing PLC program. 1If
;PURGE is not used, the new PLC
;program will append itself to
;any existing PLC program in the
;buffer.
IF M30=1 ;The "IF" statement starts the
AND M31=1 ;PLC program entry. If M30 and
;M31 are both true, the "="
;switch is on.

it

SET M30

Il

SET M31

THEN IF M03 = 0 ;If MO3 is zero, set it to a one.

;This is used as a "one shot®"
;flag which causes 114 to be
;toggled only once, regardless
;0f how long the "=" switch is
;held on. The "=" switch must
;be released and then
;reactivated before 114 will
;toggle again. Also, note that
;the "THEN IF" statement creates
;second level PLC statement.

THEN MO3 =1 ;If MO3 was zero, set it to a one. .
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AND IF M02 = 0 ;This statement starts a third
;level PLC which actually controls
;the toggling of i14.

THEN M02 = 1 ;If M02 is zero, set it to a one.

AND Il14 = 1 ;And also, set il4 to a one, this
;enables the connected voltage at
;the SMCC’s analog input to control
;the feedrate.

AND SEND "il4=1" ;Also, send the ASCII message
;"114=1" to the SMCC’s RS232
;communication channel. Please
;note that if spaces are includeqd
;in the message, the SMCC
;will delete them.

ELSE M02 = 0 ;If MO2 was a one, then set it to
;Zero. This insures that next
;time the "=" switch is activated

;7114 will be set to a one. Also,
;this ELSE closes the third PLC
;loop.

AND 114 =0 ;And also, set il4 to 0, this
;disables the external feedrate
;control and passes control back
;to the program or the host computer.
;Please note that the feedrate will
;remain where it was last set by the
;external voltage until a new host
;O0r program originated feedrate
;command 1s received.

AND SEND "il4=Q" ;Send "i14=0" message to host via
;RS232.

ELSE ;Do nothing, closes PLC’s second
;loop.

ELSE M03=0 ;If "=" is not on, set M30=0. Closes
;first PLC loop.

END ;Ends the PLC program

The PLC program can be written anywhere in the normal program
flow, as long as it is started by an "IF" statement and ended by
an "END" statement. PLC programs are stored in a separate area
of the program buffer, specifically designated for this purpose.
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EXAMPLE #17

P VARIABLES:

This program shows an efficient use of P variable parameters to
define an X/Y matrix.

X SCALE
I I I I
_____ |=====|-====|---=-*-———— X/Y grid index
Y SCALE | ! | |
----- el Bl Bl B
| | | |
_____ |-====|-=-===|-==--|----- P1=X Index (0 to 3)
| | | | P2=Y Index (0 to 3)
_____ |-===~]=====|-==--|~----~ P3=X Scale (Enc.
| Counts)
] Y offset P4=Y Scale (Enc.
, Counts)
HOME --=—=—=——=~ P5=X Offset (Enc.
X offset Counts)
P6=Y COffset (Enc.
Counts)

Program: F1024
X (P5 + P3 * P1) Y (P6 + P4 * P2)
END

To change the size and scale of the matrix simply send the
pertinent parameters, the program calculates the necessary move
to correctly go to the specified grid index.

EXAMPLE #18

DEMO1.SMC SUBROUTINES AND GOTO:

This program creates a pattern as shown in the accompanying
figure and uses two of the SMCC’s control panel switches, the

"Prejog" switch (also known as "=" switch) and the "Home" switch,
to alter the program path by use of conditional GOTO statements.
Note that while a program is running, the "Prejog" (or "=") and

"Home" switches are inactive in terms of the SMCC’s functions;
they can therefore be used to alter program path without
effecting normal operation. A PLC program is used to detect the
presence of the "=" or "Home" switches. Note that the switches
must be held long enough to be detected.

The program will trace a square pattern, with linearly
interpolated moves, a circular pattern, or a longer, linear 45
degree move at four selectable speeds. Please refer to "Demo 1 -

Path"™ and "Demo 1 - Flow Chart" for a better following of this
program.
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1]
+ SUBR 20 & ST?RT. TYPE "R° OR “5° TO START
. GO
’ SUBR 30 HOME
TYPE R” OR 5" TO
H CONTINUE USE "HOME®
MOVE OR "=" SWITCHES TO
TO MIDPOINT CONTROL PROGRAM FLOW.
OF XY TABLE
)
SET CURRENT X
SUBR 21 AND Y POITIONS
] T00
SUBR 30 ¥
SET RADIUS
0 TO 10000
-
H =
0 N
SUBR 22 [ 1 Y
i —»| SUBR 10 (& > SUBR 00
SUBR 30
e - < <
0 SUBR 11 [ »| SUBROI
SUBR 23 & . <>
1
SUBR 30
H
e %
SUBR 13 » SUBR 03
= {5 (MOY)
H IS (M02) <§j e
/

ON IS NONE OR NOT.

DEMO 1 - FLOW CHART




20000+

10000 A

PROGRAMMING EXAMPLES

@

’.

E /7 L30

L20 LOW SPEED
L21 MEDIUM SPEED
L22 NORMAL SPEED
L23 HI SPEED

- 10000 ~

-20000 -
(DEMO 1 PATH)

DEMO 1- PATH
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C

FORDISTANCES GREATER THAN 3 METERS

SEE i39 FOR X [i59) F OR Y ENCODER NOTE:
MULTIPLICATION FACTORS AND (10FT.) OR NOISY ENVIRONMENTS, :
SMCC MAX ENCODER INPUT
DIRECTION CONTROL USE DIFFERENTIAL ENCODER WITH » FREQUENCY 1S 1 MHZ.
INSTALLED ON SMCC, SEE DRAWING N IN CALCULATION.
A fL _ [ _Ix 602090-360 PUSE| C| A
A -< DIRECTION -~ F’ . oy A
M/ o 1 — — 17|17 — $—
Al b 11 “ ” ” : Al
1 — L1 16|16 1 —
B L rL [ B " “ Y " “ 5118 o t ” B
b —t draennd 4 1
8/ ] 1 (I T i
I[lj 04 X /m\ |t | ! 14{14 —— L Y
POSITION v c 1 N H e POSITION
N 1 ENCODER 1| - 1313 P ! ENOODER
11 1y '] || [N
C- CHANNEL L] \ c/ 4o - P tole
ONE PULSE —t — 1212 — —
] ] [}
PERREV. N _ — y 5 v 6l e . , i u +5
HOME " s ao! H i P
0 ; N
HOME FLAG SWITCH
. X HOME FLAG
oPEN  OPEN WHEN AT HOME. 11 <Iozmn5
CLOSED MUST BE OPEN FOR AT CLOSED _ N.C. |||Iln RET | g | g |_RET IIIL“ N.C. _
LEAST ONE MOTOR REV. NC. O 7 ﬂmou S
SEE 126 [146] FOR HOME, r QO O —
C CHANNEL AND USER 10]10 |
FLAG POLARITY CONTROL X USER FLAG Y USER FLAG
HOME AND USER FLAGS N/
GENERATE INTERRUPTS
1) ENCODER LEADS *"MUST BE* SHIELDED. SHIELD AND ARE USED TO CAPTURE
MUST BE INSULATED AND GROUNDED AT SMCC POSITIONS ON THE FLY.
ONLY. HAVE SHIELD AT ENCODER END UNGROUNDED. )
DO NOT RUN ENCODER WIRES IN SAME CONDUIT 4) SEE 124, 175 FOR X AND [144](145]
AS A.C. POWER OR AMPL OUTPUT WIRES. FOR Y HOMING FUNCTION CONTROL SMCC
2) JUMP E42 PIN 1 TO PIN 2 FOR DIFFERENTIAL X 5 www _mam;nwmﬂmmmmmm,ﬂm%ooomm ORARESOLVER, TYPICAL POSITION
ENCODER INPUT LED. ENCODER CONNECTIONS
JUMP ESOPIN 1 TOPIN 2 FOR DIFFERENTIAL Y 6) REFER TO SMCC MANUAL FOR MORE DIFFERENTIAL DRIVER OR
R INPUT
ENCODE DETAILS OPEN COLLECTOR OUTPUT

3) FOR SINGLE ENDED OPERATION, USE A B, AND C INPUTS
ONLY, LEAVE A/, B/, AND C/ OPEN, DO NOT TIE

TO GND.

JUMP E42 PIN2 TOPIN3 FOR "X~
JUMP ES50 PIN2 TO PIN3FOR °Y*"

7) WHEN ENCODER IS A PULSE AND
DIRECTION DEVICE, J1C17 / J1A17
IS USED AS PULSE INPUT, AND
JIC15/ J1A15 IS USED AS DIRECTION.
Hi= +DIRECTION:

A/B QUADRATURE

(ENCODER CONNECTIONS)

AT T ST TR AN

v N e .



©

SEE 29 FOR X, (i49) FOR Y HANDWHEEL ENCODER
MULTIPLICATION FACTORS AND DIRECTION CONTROL .

G ———————— CCW DIRECTION
T CWDODIRECTION

SMCC

FOR DISTANCES GREATER THAN 3 METERS J2
(10FT.) OR NOISY ENVIRONMENTS, JPAR-AS2

NOTE:
MAX ENCODER INPUT
FREQUENCY IS 2 MHZ.

32 ENCODER MULTIPLICATION

USE DIFFERENTIAL ENCODER WITH aY FACTOR MUST BE INCLUDED
' ~L’Elr~ DM8830 OR EQ. DRIVERS, PULSE g J11 N CALCULATION,
A A
>\ ] O.mmo.ﬁg - N f i 1 L - o
L ™1 1 - — BY | B3f—— -
ALY Pl cla| ! ! LA
T - Col,, I T
B B 4 1Y o 8 8 tod ] .m
o — - o 82 )B4 T P
»Iru]l.k X /’m\ P b 5lclcls o 1 1B/ N Y
HANDWHEEL N i 10]12 N o HANDWHER.
[ L} i ] i ENCODER
BNCODER n 1 1o o ! “
| | ! 1 4 i i
P o 2, 2, T “ “
§ i
+5 | “ " 7.9 [ i u+m
t + T T Ct Ci1 T T T :
] i [} ] 35 w.m $ i i |
GhD! ! T AT AT : ..” . IO\
ot N S " S
Y HW DISABLE
X HW DISABLE 85 | 86 0
RET RET N.O.
F O——At At |——0 )
CLOSE TO DISABLE CLOSE TO DISABLE
\LL
1) ENCODER LEADS "MUST BE" SHIELDED. SHIELD
MUST BE INSULATED AND GROUNDED AT SMCC 4) HANDWHEEL SCALE FACTOR 127, [i47)
ONLY. HAVE SHIELD AT ENCODER END UNGROUNDED. HANDWHEEL MODE CONTROL 28, [148] AND i16
DO NOT RUN ENCODER WIRES IN SAME CONDUIT SMCC
AS A.C. POWER OR AMPL. OUTPUT WIRES, ER IS A PULSE AND
2) JUMP E45 PIN 1 TO PIN 2 FOR DIFFERENTIAL X HANDWHEEL Q wﬂmmv%ﬁ%ﬁm@.om 49-11,1 AND TYPICAL HANDWHEEL
V ENCODER INPUT J2-B1, B3 ARE USED AS PULSE INPUT, ENCODER CONNECTIONS
JUMP E46 PIN 1 TO PIN 2 FOR DIFFERENTIAL Y HANDWHEEL AND Lo.ﬂ.m >z_o memmwwwum USED DIFFERENTIAL DRIVER OR
ENCODER INPUT A5 DIRECTION. Hi- « | OPEN COLLECTOR OUTPUT
3) FOR SINGLE ENDED OPERATION, USE A,B, AND C INPUTS 6) FOR INFORMATION ABOUT HANDWHEEL A/B QUADRATURE
ONLY, LEAVE A/, B/, AND C/ OPEN, DO NOT TIE OPERATING MODES REFER TO SMCC
TO GND. MANUAL. (ENCODER CONNECTIONS)

JUMP E45 PIN 2 TO PIN 3 FOR °X*
JUMP E46 PIN 2 TO PIN 3 FOR "Y*




A0z100

SET
SET
SET
SET
SET

Co00
M30
M31
M32
M33

ff3a

€00.2
C00.3
C00.6
C00.7

PUR
IF M30=1

AND M31=1
THEN M0O1l=1
ELSE M01=0
IF M32=1

AND M33=1
THEN M02=1
ELSE M02=0
END

F1024

HOME

STO

LIN

1621

X20000 Y15000
X =0

Y =0

R = 10000

GOT20IF (M0O2=1)

GCTOOIF (MO1=1)

L10LIN

F512

DWE1024
X10000Y10000

GOTO1lIF (M0O1=1)

L1IILIN
DWE1024
X20000Y0

PROGRAMMING EXAMPLES

;Card address is A0, buffer is
;completely cleared and 100 lines are
rreserved for program space.
;Subroutines will begin at line 101.
;Selects C00 to be address ff3a
;Sets M30 as bit 2 of ff3a

;Sets M31 as bit 3 of ff3a

;Sets M32 as bit 6 of ff3a

;Sets M33 as bit 7 of ff3a

;Purge Command, clears all PLC
sprograms from buffer

;PLC program stars with IF. Looks
;for "=" switch to

;be on; if it is, sets MO0l high.

;If not, set MOl to 0.

;Second PLC program, looks for
;"Home" switch to be on, if it is
;sets M02 high.

;If not, set MO2 to O.

;Ends PLC program

;Set feedrate to 100%

;Go to home position

;Stop at this point

;Linear mode

;Turn on PLC (use I62 for Parabolic
;and I60 for Standard)

;Move X and Y away from home

;5et X position to 0

;Set Y position to 0

;Radius of 10000

;GOTO Subroutine 20 if "Home" switch is
;activated

;GOTO Subroutine 00 if "=" switch

;1s activated

;GOTO Subroutine 10 if neither "Home"
;or "=" switches are activated

;End of program

;Subroutine 10, linear mode
;Half speed

;Wait 1 second

;Go from point D to A, linear

;If "=" switch is activated, go to
;Subroutine 01, if it is not continue
;and go to next instruction L11. Note
;that if the "=" switch is on, the

;pProgram goes to Subroutine 01 which
;alters the path from linear to
;Cclrcular.

;Subroutine 11, linear mode

;Wait 1 second

;Go to point B, linear
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GOTO02IF (MO1=1)

L1I2LIN
DWE1024
X10000Y-10000
GOTO3IF (MO1=1)

L13LIN
DWE1024

X0YO

GOTOOIF (MO1l=1)
GOT10

LOOCIRO
F512
X10000Y10000

GOT11IF (MO1=1)

LO1CIRO

X20000Y0
GOT12IF (MO1=1)
LO2CIRO
X10000Y-10000
GOT13IF (MO1=1)
LO3CIRO

X0YO0

GOT10IF (MO1=1)
GOTOO0

L20F256
GO530

GOT20IFN(MO1=1)

L21F512

GOS30
GOT21IFN(MO1=1)
L22F1024

GOsS30
GOT22IFN (MO1=1)
L23F2048

GOS30
GOT23IFN (M01=1)
GOTZ20

L30LIN

PROGRAMMING EXAMPLES

;If "=" switch 1is on, go to
;Subroutine 2, if not, continue.

;Subroutine 12, linear mode
;Wait 1 second

;Go to point C, linear

;If "=" on go to Subroutine 3, if
;not continue.

;Subroutine 13, linear mode

;Return to point D, linear

;Go to Subroutine 10, repeat the above
;linear cycle
;Subroutine 00, set circular CW mode

;Go to point A, tracing a circle with
;radius of 100000 counts

;If "="  switch on, go to
;Subroutine 11 which changes
;Subroutine 01, circular pattern, from
;circular to linear mode. If not,
;continue.

;Go to point B, circular

;Subroutine 02, circular CW mode
;Go to point C, circular

;Subroutine 03, circular CW mode
;Go to point D, circular

;Go to Subroutine 00, repeat the above
;circular cycle

;Subroutine 20, set quarter speed

;Go to Subroutine 30 which does a
;linear move to point E and back to D

;Keep returning to Subroutine 20, as
;long as "Prejog"™ or "=" switch has not
;been energized. If "Prejog" is turned
;on, continue to next instruction.
;Subroutine 21, set half speed.

;Go to Subroutine 30

;Subroutine 22, set full speed, same
;as 106
;Return to 22 if "=" 1is not on

;Subroutine 23, set speed to double
;value of 106

;Return to 23 if "=" is not on

;Subroutine 30, do a linear back and o
;forth move from position D to E
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X20000Y20000

DWE1024 sWait 1 second

X0YO ;Return to position D

DWE1024

GOT10IF (M02=1) ;If the "Home" switch is turned on,
;g0 to Subroutine 10 and start linear
;square moves; if not, continue back
;and forth between D and E and change

RET ;speeds by using "=" or "Prejog"

;switch.

Please note that it is possible to obtain the same results with
this program without the use of a PLC program by substituting:

for (M01=1) an (M30=1 AND M31=1)
and for (M02=1) an (M32=1 AND M33=1)

in all of the GOT statements. PLC was used as an example only.
Also, note that the PLC program can be written at any place 1in
the program flow since it is stored in a special buffer, separate
from the normal program buffer, and that the PLC program runs
continuously and is therefore able to detect presence of switch

closures asynchronous to the normal program flow with a delay not
greater than two to five msec.

EXAMPLE #19

DEMOZ2: GOTO +/-:

The following program uses the "=" switch of the control panel to
select two different programs, but accomplishes this by using the
GOTO + or - instead of subroutines to make the transition. Also,
the "=" switch only needs momentary activation at any time in
order to take effect. 1In this case, the motor is an AC induction
type and has a 500 line per revolution encoder, multiplied by
four for 2000 counts per revolution.

0 A0z100 ;Address card A0 and clear buffer
;/Allocate 100 step buffer

SET C30 = ff3a ;Set C30 to be memory location
;ff3a which is where the "=
;switch comes in. Note that
;"=" causes 2 bits to go high
;bits 2 and 3.

SET M30 = C30.2 ;Set M30 to be bit 2 of ££f3a

SET M31 = C30.3 ;Set M31 to be bit 3 of ff3a

PUR ;Purge existing PLC program if any

IFM30=1 ;The IF signifies the start of a
;PLC program

ANDM31=1 ;If M30 and M31 ("=" switch) is on,

THENMO1=1 sturn Set MOl to a 1. This acts as a latch.

END ;Ends the PLC program

t512 ;Set accel/decel time to 1/2 second
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HOM ;Go to home position
STO ;Stop executing program
1601 ;Turn on PLC program, use 1I621 for P g
GOT + 10 —-——=———mm e ;Skip 9 lines and execute line 10
RES01 <—-=—--=—-—-——-——- [ ;Reset MOl to zero.
10620000 <—--—==-—--- | | ;Set speed to 20000 encoder cnts/sec.
t7600 [ | | ;Set accel/decel time to 7.421 seconds
F17136 | | I ;Set speed to about 10000 RPM
X4000000 (. | ;Go to position 4 million
DWE1024 ool | ;Wait 1 second
X0 oo | ;Return to zero position
DWE1024 [ | ;Wait 1 second

I I

GOT-07IFN (MO1=1) -~ ;Go back 7 lines if MO0l is set to zero
RESQ0]l <===—=——m==——wr—— | =~ ;Reset MOl to zero

I10620000<-—-~=~~—~ | ;Set speed to 20000 encoder counts/sec.

£512 | I ;Set accel/decel time to 1/2 second

F100 | | ;Set speed to about 60 RPM

X5000 I ! ;Go to position 5000

F300 I ! ;Set speed to about 530 RPM

X100000 | I ;Go to position 100000

DWE1024 I I ;Wait 1 second

Xx5000 I I ;Return to position 5000

F100 I | ;Reduce speed to 60 RPM

X0 I | ;Return to position zero

DWE1024 | I ;Wait 1 second

GOT-21IF(MO1l=1)~-~-]| -~~~ ;If MOl is one ("=" switch was seen),
| ; jump back 21 lines. '

GOT-12 —~==——m—m—— ;If "=" not seen, jump back 12 lines.

END ;End of program

EXAMPLE #20

MULTIPLE CARD (SMCC) PROGRAMMING:

Assume two SMCCs, addressed as A0 and Al, are daisy chained via
the R3232. (The parallel port may be used instead if desired.)
Once the port is chosen, it is not possible to switch from one
port to the other without changing the settings of the DIP switch
on the SMCC card and performing either a reset or power cycle in

order to have the SMCC take in the new setting. Also, one of the
SMCCs must be A0 while the second can be Al to AFf. It is best to
set the second to Al and so on, for efficiency in DMA
communications. Also, remember that when an SMCC 1is A0, it

generates the sync clock, and a Jjumper must be on the "“E2"
selection. When the card is Al to Af, it receives the sync clock
and the jumper must be moved from "E2" to "E3".

It is the daisy chaining of the communication ports which
automatically causes multiple cards to become time synchronized
for purposes of linear, circular, and elliptical interpolation
between cards; the user does not have to take any other measures
Lo insure proper sync and interpolation. Interpolation can be
done between any two or more cards (16 cards maximum) including 0
all simultaneously. There is, however, one limitation that must
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be observed, which is that the X and Y axes of the A0 card (or
the X and Y axis residing in one SMCC) must both be used to do
the same type of interpolation (either linear or circular). One
SMCC c¢annot be used to do circular interpolation with its X axis
and another SMCC’'s X or Y axis while the Y axis of the same card
is used to do linear interpolation with another card’s X or Y
axis. The reason for this limitation is that the X and Y axis on
a given SMCC are "tied" together by the internal, common feedrate
control clock generator and must perform the same "“type" of
operation (linear or circular) in order to function correctly.
The common feedrate control also limits the SMCC in that totally
independent X and Y axis moves cannot be made. See previous
programming Example #3.

In order to program multiple SMCCs, the procedure for linear
interpolation is straight forward:

AAz ;Address all cards, clear program area,
;leave subroutines, if any, undisturbed.

Z ;Set all current positions to zero.

T2048 ;Set the time to be taken for any move
;size on all axis to 2 seconds.

t512 ;Set all accel and decel to 0.5 seconds.

AQ0X10000Y22000 ;Move the A0 card’s X axis 10000 and Y
;axls 22000 encoder counts.

A1X5000Y17000 ;Move the Al card’s X axis 5000 and Y
;axis 17000 encoder counts.

AADWE 1024 ;All axes, wait 1 second

X0Y0 ;Return all axes on all cards to zero
;position.

END ;End of program

The above program will execute linearly interpolated moves on all
four axes specified.

To execute circular interpolation more care and planning 1is
required. The following is an example of circular interpolation
being done between two separate cards. The circle starts at 0/0
goes to 10,000/0 (180 degrees) and then returns to 0/0 to
complete the circle.

1) Circular interpolation between X axis on A0 and Y axis on Al:

AAZ

F1024

R = 10000

CIR O

A0 U20000WY0 Al WX20000V0
AQ U-20000WY0 Al WX-20000V0
END
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For reference, to do interpolation on a single card between X
and Y axis, the program would look as follows:

AQz ;Address card A0

F1024 ;Feedrate to 100%

R = 10000 ;Radius of 10000 encoder counts

CIRO ;Clockwise circle

Uu20000v0 ;s 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 therefore are 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 is the
reason why the unused axis cannot be used to do a linear
interpolation while the other is doing circular or vice versa.

2) Circular interpolation between X axis on A0 and X axis on Al:

AAZ
F1024
R = 10000

A0 CIRO Al CIR1 ;Note that Al’s X axis must be

;reversed, using CIRL1.
AQ U20000WYO Al UOWY20000

Al U-20000WYO0 Al UOWY-20000
END '

EXAMPLE #2171

MACHINE INPUT/OUTPUT FUNCTIONS (M FUNCTIONS) :

SMCC supports 64 M-function I/0s to interface with devices such

as switches, status indicators, etc. SMCC defines M-function I/0
hardware as follows:
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SOFTWARE DESCRIPTION HARDWARE ASSIGN. PHYS. PROG. ON/OFF

DEF. ADDRESS ADDRESS CONTROL
. MO1 ;Mach. Out.#1 (MAOl) C01.5 ff01-5 SET 01/RESET 01

MO 2 ;Mach. Out.#2 (MAQ2) c02.6 ffb4-6 SET 02/RESET 02
MO3 ;Mach. Out.#3 (MAO3) c02.7 ffb4-7 SET 03/RESET 03
MG 4 ;Mach. Out.#4 (MAO4) C03.6 ffb5-6 SET 04/RESET 04
MO5 ;Mach. Out. #5 (MAOS) C03.7 £ffb5-7 SET 05/RESET 05
M11 sMach. In. #1 (MAIl) C04.0 ffb7-0 To Read M inputs,
M12 ;Mach. In. #2 (MAI2) co04.1 ffb7-1 in PLC or Progranm
M13 ;Mach. In. #3 (MAI3) Cc04.2 £fb7-2 flow, use M1l to
M14 ;Mach. In. #4 {(MAI4) C04.3 ffb7-3 M17. Example:
M15 ;Mach. In. #5 (MAIS) C05.0 ffbc-0 IF M12=1 THEN...
M16 ;Mach. In. #6 (MAI®6) C05.1 ffbc-1 or, GOTOSIFN(M15=1)
M17 ;Mach. In. #7 (MAl7) C05.2 ffbc-2 etc.

Upon turn-on or reset, the SMCC automatically assigns M0l to MOS

as outputs, M1l to M17 as inputs, and assumes the above

definitions. Please refer to SMCC 1I/0 Map for a better

understanding. Any of the above may be reassigned as the user

sees fit, but for uniformity’s sake it is recommended that M0l to

M0S5 and M1l to M17 be used as shown. As an example, to assign

new M functions proceed as follows:

Assume we want to assign M functions to detect the "=" and "Home"
switches on the control panel. The I/0 map shows these inputs to
be coming in at address ff3a bits 6 and 7 for "Home" and bits 2

. and 3 for "=", ("Home" and "=" both generate a pair of bits due
to the input multiplexing done to reduce individual inputs.) Let
us choose CO00 which is unassigned (you may check this out by
simply typing CO00 on line to have SMCC tell you the assignment,
or even better, use SMCC V3.X or equivalent IBM PC program to
receive allocations for all the C functions) .

To assign CO00 to be ff3a online, type CO0O0=ff3a. To do the same
in the buffer, as part of a program, type SET CO00=ff3a. Next,
assign an M function to the individual bits:
Online In Buffer

M30 = C00.2 SET M30=C00.2

M31 = C00.3 SET M31=C00.3

M32 = C00.6 SET M32=C00.6

M33 = C00.7 SET M33=C00.7

Please note that when choosing Cnn to assign for M functions, Cnn
may be CO0 to C31 only, not C6&3.

Now, to use these M functions as "=" and "Home" detection, the
program or conditional statements are written as:

GOTOS5 IF (M30=1 AND M31=1)
GOT62 IFN(M32=1 AND M33=1)
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Which means go to subroutine 5 if M30 and M31 are both true, (tbe
"=" switch is on) and if not, then do not go to subroutine 62 if
"Home" switch is on, but go to 62 if "Home™ is not on.

To control outputs with M functions, a simple example would be
SET 01 in the buffer, which would cause the M0l output to be set
high. To accomplish the same online, use MOl = 1.

Type 1021, this places SMCC in MDI mode where instructions do not

go into the buffer, but get executed immediately upon reception
of a <CR>.

Type SETO1<CR> and note that this does not turn on MO1l.

Now type DWEO<CR> and note that MOl is now turned on. The reason
is that the SET function in SMCC is executed at the beginning of
the next instruction. DWEO 1is used here as a harmless next
instruction.

To turn off MO1l:

Be sure i02 is at 1 (MDI turned on).

Type RESO1 <CR>.

Next type DWEO <CR> and note that MO0l now turns off.

To exit 102 1 mode, type 1020, or "S" Step or "R" Run.

EXAMPLE #22

"WAIT UNTIL"™ PROGRAM

Wait until input is true then proceed. This program 1is written
as a subroutine and may be called as needed.

t

t

GOS01 ;Go to subroutine 01
!
!
LO1 ;Subroutine 01 (Label 01)
DWE20 ;Wait time of 20 binary milliseconds
; (10 minimum)
GOTO1l IF (M11=0) ;If M1l input (MAIl) is not

;on, keep looping on subroutine
:01. When Mll becomes true,
;continue.
SET 01 ;Turn on MOl output (MAQ1),
;etc.
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The same result can be achieved by using a GOT-01 as follows:

!
‘ '

DWEéO ;Wait time of 20 binary milliseconds.
GOTO-011IF (M11=0) ; Jump back cne line
SET01 ;as long as M1l is false.

!
!

EXAMPLE #23

LEARN COMMAND IN PROGRAMMING:
1l -- Learn and Store X and Y Position

The Learn ("1") Command can be used to store positions in the
program from the actual reading of the current position of X axis
alone if 1il5 1is set to a one (one axis operation), or X and Y
axis together, if 115 is set to a 0 (two axis operation).

The learn function actually reads the current positions of X and
Y and "writes" them into the buffer at the next available step.
There are two basic operations that can be done in learn; one is
to start with an empty program buffer and learn a series of
points, the other is to run through a program already in the
buffer and modify existing positions by doing a "learn/replace".

. The SMCC does a "learn" or "learn/replace" simply by examining
the status of the "buffer full" bit. If the buffer is not
full, the SMCC does a "learn". If the buffer is full, it does
"learn/replace" at whatever point in the program buffer it may
be.

An example of "learn" follows:

AQz ;Clears buffer.

J ;Jog to desired zero position

Q or j ;Quit jogging

z ;Set zero position. Note that the AO,z, 3,

;Jd,2 and Q Commands are not stored in the
;program buffer.

£1024 ;Maximum speed, note that it is possible
;L0 enter commands in the buffer as
;needed.

SET 01 ;Turn M function M0l on

J ;AL this point, move the X axis

;to the desired position. X only is
;being moved, in the positive direction.
;Stop X axis
or Q ;Note that the handwheel may also be
;used to move the motors for precise
;positioning. Also, it is possible
;Lo 1ssue the "k" Kill Command which
. ;disables the servos and allows

@]
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;moving the motors manually to the
;position to be learned. After a."k",
;use a "Q" to restore servo position.

;Upon reception of the *1" Command,

1 ;SMCC will learn the current position
;and the appropriate instruction will
;be written automatically in the

;buffer.

DWELL 1024 ;Wait for 1 second. This is typed in data.

F256 ;Change speed

J ;Move to the next desired position

J ;Stop jogging

1 ;Learn this point

RESET 01 ;Turn MO1 off

X0 ;Back to position zero; note that Move
;Commands may also be typed in.

END ;End of program, sets the "buffer full®
;flag on

LIST ;Check the program

F1024

SETO1

X21276Y0 ;May need correction

DWE1024

F256

X54321Y0

RESO1

X0

END

This program may now be edited as required, or it may be
"learn/replaced" if needed by stepping through the program using
jog, handwheel, or "k" Command to displace the motor and issuing
an "1" Command to store the new position in place orf the old.

EXAMPLE #24

ALTERED DESTINATION ON TRIGGER:

This program shows how an SMCC (either Standard or Parabolic) 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 GOS00 from the main
program.
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GOS00
i

LOO
mffca,l

SET C20 ffca

SET M20

i

T50

LO1
Ui000

GOTO1 IF (M20=0)

P1=HX

C20.6

PROGRAMMING EXAMPLES

;Go to Subroutine 00

;Subroutine 00 (Label 00).

;Enable interrupts so if a trigger is
;received 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
;the Y axis, the control register is
;ffc8 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
;mffca, 1.

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

;Make an incremental move of 1000 encoder
;counts.

;Go to Label 01 if interrupt has not
;occurred (trigger has not been received).
;This conditional statement causes the
;SMCC to keep returning to Subroutine 01
;Lo make continuous, incremental moves of
;1000 counts so long as the trigger has not
;been received. This motion will go on
;forever until trigger is received.

; (See alternate program for a position
;limited move.)

;If interrupt has occurred, then set
sparameter Pl to be equal to the frozen,
;captured absolute position value of X
;at the time trigger occurred.

It 1s important to note that if the
;interrupt occurs during the approximately
710 to 20 millisecond period preceding
;each move (calculation time), it will
;not be detected and calculated until
;the next move. Depending upon the
;offset distance to travel, this may
scause an overshoot and return to final
;position. The incremental move should
;therefore be as small as practically
;possible. The Parabolic version
sactually allows you to specify the
scalculation time with 112, so that
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AX (Pl + P2)

RET

If you wish the trigger
not go forever,

LO1
GOTO2IF (X>P5)

U1000

GOTO01IF (M20=0
P1=HX

AX=(P1l + P2)

LO2
RET

EXAMPLE #25

CONSTANT TIME,

START
[<==—=
I
|
|
[<———=
500--> | |
| |
| * |
| *
P |
A0z100
RES 01
SET C2l=ffca
SET M23=C21.6
£500
T3000

PROGRAMMING EXAMPLES

;the "Dead Zone" can be precisely
;predictable.

;Make a move to absolute position
;of HX plus an offset move of an
;amount set by the value of
;Parameter P2. Note that P2 can
;be positive or negative.

;End of subroutine, return to main
;program.

search to end at a certain position and
alter L0l and add L02 as follows:

;Subroutine 01 (Label 01)
;Go to Subroutine 02 if X position
;1s greater than Parameter P5.
;Otherwise, make an incremental
;move of 1000 counts.

) ;Loop on Subroutine 01 until
;interrupt occurs.
; Subroutine 02
;Return to main program

ALTERED DESTINATION ON TRIGGER:

All Times Are In Milliseconds

Total Time STOP

——————————————— 9000 -——-mmmmm |

20 -—————- >| |<--Calculation Time |

I [ |

500~~-—>| [ 1 <===- | |
--3000~~-~~-—~ > | [ -=> | <==500

<-- [<mmmmm e 5000-~=—~~- > I

~~~~~~~~~~~~~~~ ===l - |=========s======x= | |

I I | * |

-2 [<--1 [ * I

I

| I i
Freeze Absolute position *-----

when photocell is seen, during
this time.
;Address card AO, clear buffer, and
;allocate 100 lines for program.
;Reset the "No Interrupt Received" flag.

;Home/User interrupt register address
;interrupt disable flag. When M23 is set,
;interrupts are disregarded.

;Set accel/decel time to 0.5 seconds

;Move time, 3.0 seconds
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U3000

mffca=1

T500
U500

T5000
GOsS00
END

LO0O

GOTO01 IF (M23=1)
SETO1

SET 23

us000
RET

=]
ae)
W)
11
e
>

1)

vyt

w)
&3}
—3
s}
)
i
av)

3+ 5250

AX (P3)

PROGRAMMING EXAMPLES

;Incremental move 3000 encoder counts in 3.0
;seconds, distances used are arbitrary and
;are assumed to be 1 count/millisecond
;enable interrupt for detecting photocell
strigger pulse during next move.

;Move time 500

;Incremental move 500 counts. During this
smove, the photocell is being looked at
;and if a transition occurs, the absolute
;position of X at that time is frozen and saved.
;Later, this position is used to make a
;move to the final destination without
;altering the total time. The last 20
;smilliseconds of the move are used to
;recalculate the new required velocity.
;Photocell will not be detected during
;this time, so that the actual time
;window for photocell capture is 480
;milliseconds.

;Move time 5 seconds

;Go To Subroutine 00

;End of program

;Subroutine 00

;Go to Subroutine 01 if interrupt was
;received or photocell was detected. If
;disable interrupt, disregard other input
;pulses from photocell if

;not, move another 5000 counts and
;stop. This represents the default move,
;1f the photocell is not detected.

;Also, SETOl notifies the operator that a
;photocell pulse was not received. An LED
;may be used as visible indicator.

;Subroutine 01

;Set Parameter P3 value to the frozen,
;captured absolute position

;of the X axis. HY captures Y position.
;Add to the absolute position value the
;distance you wish the X axis to travel
;for correct position at the end of
stravel. 5250 is a nominal wvalue.

;It is a good idea to keep the default
smove reasonably same in size as the actual
;needed move because otherwise, a violent
;rvelocity change may be needed.

;Make a move as specified by Parameter
;P3. Note that move time is 5 seconds
;and that the program calculates the
;value of P3. This move is now an
;absolute position move not incremental
;and it therefare keeps track of the
;additional travel between the photocell
;detection point and the beginning of the
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snext move. Also, note that velocity
;during final move will change depending
;upon where the photocell detector is
;triggered, and the final destination
;distance specified.

RET ;Return to program and END.

The object of this program is to make a precisely timed move and
make an on-the-fly destination position change based on the
reception of a trigger on the SMCC’s X and Y "Home Flag" or "User

Flag" inputs. These are special interrupt driven inputs which
capture X and Y position on-the-fly with less than 100
microseconds of error. The calculation capability of the
variable parameters is then used to construct an altered,
absolute position move to a final desired destination. The
program can be used with Standard or Parabolic SMCC. The

difference 1is that Parabolic wuses 112 to define a Move
Calculation Time, thus allowing the user to define a precise
trigger window. With the Standard SMCC, the calculation time
varies, thus making the trigger window slightly variable.

EXAMPLE #26

DEMO 3 ~ "S" CURVE ACCEL AND DECEL (REQUIRES PARABOLIC OPTION) :
A0z100 ;Clear buffer

1061024 ;Set feedrate for lines/sec.
SETC20=febd ;Set address for M20

SETM20=C20.5 ;Set M20 to save data for plot
SETP12=(P1+P2) ;P12 = tl1+t2

SETP14=(P4+P5) ;Pld = t£4+t5

SETP7 =(P1*P1) ;P70 = tl1*tl

SETP11=(P5*P5) ;P11 = t£5*¢5

SETFz =(P1l2+P2) ;P8 = £l+2*t2

SETP10=(P14+P4) ;PLO = 2*t£4+¢t5

SETP13=(P8+P10) sPL3 = £l42*t2+2*£4+t5
SETP13=(P13+P3) ;P13 = £l42*t2+4t3+42*t4+t5
SETP13=P13+(P3+P3) ;P13 = £l+2*t2+3*t3+2*t4+t5
SETP12=(P12*P13) ;P12 = (tl+t2)*(t1+2*t2+3*t3+2*t4+t5)
SETP14=(P14*P13) ;P14 = (C4+C5) * (£1+2*0243*t3+42%t4+t5)

SETP7=(P6*P7/P12) ;P7 DP1=DP*tl*tl/ (t1l+t2)~*
F(EL1+2*C2+3%03+2%04+€5)

SETP11=(P6*P11/P14):P11 DP5=DP*t5*t5/ (£4+t5) *
JACl+27 02+ 3*342*04+£5)

I

SETP8 =(P6*P8/P13) ;P8 = (DP1+DP2) =DP* (L1+2*t2)/
(L1422 0243*c3+2*£4+¢£5)
SETP10=(P6*P10/P13) ;P10 = (DP4+DPS) =DP* (2*t4+t£5) /

F(L1+2%C2+3*%t342*£4+t5)

SETPY9 =(P8+P10) ;PSS = (DP1+4DP2) + (DP4+DP5)

SETPY9 =(P6-P9) ;P9 = DP3 = DP-(DP1+DP2) - (DP4+DP5)
SETP8 =(P8-P7) ;P8 = DP2 = (DP1+DP2) - DP1
SETP10=(P10-P11) ;P10 = DP4 = (DP4+DP5) - DPS
SETP15=1024 ;Time scale in binary msec.

il

SETP13=(P15*P9/P3) ;P13 V2 = V3 = DP3/t3
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. TIME

EXAMPLE

PROGRAMMING EXAMPLES

L T TIME e e L
ARIABLE .
;AR,L\AHETE%“P’_—’.‘“F}Q >l Py P, le P s GPOEST%lQ\J
FUNCTION | P.(£)  [P,(t) P,(t) P,(t) PS(t)
t ts t3 tq ts
POSITIONP=0 P P, Ps P, Ps=aP
VELOCITY Yo=0 Y, Yo Y 2=Vs Y 4 Ys=0

S CURVE

'S" CURVE ACCELERATION
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SETP15=3072 ;3*Time scale in binary msec.
SETP12=(P15*P7/P1l) ;P12 = V1 = 3*DP1l/t1l
SETP14=(P15*P11/P5) ;P14 = V4 = 3*DPS5/t5

FORO ;Start loop

STA ;Start run mode

SET20 ;Start data store

t(Pl) ;tl = Pl

U(pP7) : (P1l2) ;DP = DP1 = P7 V =Vl = P12

£ (P2) ;L2 = P2

U(P10): (P13) ;DP = DP2 = P8 V =V2 = P13

t (P3) ;£3 = P3

U(pP9) : (P13) ;DP = DP3 = P9 V = V3 = P13

t (P4) ;L4 = P4

U(P10): (P1l4) ;DP = DP4 = P10: V = V4 = P14

t (P5) ;5 = P5

U(pP11l): O ;DP = DP5 = P11l: V = 0

STO ;Stop

STA ;Start run mode

SET20 ;Start data store

t(P1) ;1 = P1

U(-P7) : (~-P12) ;DP = -DP1 = ~P7 :V = -V1 = -P12
t (P2) ;t2 = P2

U(-P8) : (-P13) ;DP = -DP2 = =P8 :V = -V2 = -P13
t (P3) ;E3 = P3

U(-pP%) : (-P13) ;DP = -DP3 = -P9 :V = -V3 = -pP13
t(P4) ;4 = P4

U(-P10): (-P14) ;DP = -DP4 = -P1l0:V = -V4 = -P14
t(P5) ;€5 = PS5

U(-P11):0 ;DP = -DP5 = -P11:V = 0

STO ;Stop

END ;End of loop and program

The program shown 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:

Parameter Pl: Defines the time to the first velocity inflection
point.
Parameter P2: Defines the time from the inflection polnt to the

point where run velocity is reached.

Parameter P3: Defines the run time.

Parameter P4: Defines the time from end of run position to decel
inflection.

Parameter P5: Defines time from decel inflection point to end
position.
Parameter P6: Defines total move distance.

The program is written so as to allow a completely generalized
nonsymmetrical motion to occur. Parameter definitions can be

259

O




PROGRAMMING EXAMPLES

simplified 1if the application can use identical accel and decel
ramps and a symmetrical inflection point, in other words,
Pl = P2 = P4 = P5 and by adding the following to the beginning of
the program:

SET P1 = VALUE

SET P3 = VALUE
SET P6 = VALUE
SET P2 = (P1l)
SET P4 = (P1l)
SET P5 = (P1l)

Note: 106 must be set to 1024 in order to keep time
scaling in lines/sec.

A move can then be made by defining Pl = 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.

EXAMPLE #27

CIRCULAR CUT ON THE FLY:

This example concerns the simple case where the web material is
to be cut off without the need for compensating stretch which
would require that a photocell detector be used to sync on marks
made on the web in order to insure proper cutting position (see
next example for this more complex case).

For the simple case of rotary cutoff, there is only a need to
synchronize the tip of the cutting blade with the material’s

(web'’ s) velocity when the cut cccurs and then adijust the
knife’s velocity for proper length of material when the knife is
not in contact with the material. The limitation of this system

is that short lengths to be cut require a high degree of
acceleration and high velocity during the nonsynchronized part of
the move. It 1is therefore a good idea to design the program in
such a way as to provide maximum "adjustment" time. Amplifier

and motor sizing should be carefully chosen so specified
performance can be met.

Even though the cut length will be independent of web speed, care
must be taken during speed changes since some deviations may
occur due to servo following error. The Parabolic CPU version

has velocity and acceleration feedforward terms which can be used
to minimize this type of error.

Let us make one further simplification in stating that for the
initial program derivation we can assume that the encoder counts
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PROGRAMMING EXAMPLES

per inch at the knife tip and that of the web velocity measuring
encoder are the same.

The SMCC is eqguipped with a highly useful mode of operation,
referred to as 116 2 mode, where the handwheel encoder is used as
the time base for executing programs in the SMCC’s buffer. The
basic formula used to convert encoder counts to time is:
(127/147) x 32768 counts/binary millisecond for Parabolic CPU

and
(8 x 32768)/i27 counts/binary millisecond for Standard CPU
Please note that SMCC’s Parabolic option allows for more latitude
and precision by providing both 127 and i47 as variables.
Also, please note that 127 or i47 may not be set to a value of
one.

Assume we use parabolic, then setting 127 to 8 and 147 to 32768
yields:

(8/32768) x 32768 = B8 counts/binary millisecond.

This means that if in the SMCC program a time value of 128 is
used, it will represent 128 x 8 = 1024 handwheel encoder counts.

Assume we divide the blade’s move time into eight segments (see

figure). The resulting program looks as follows:

A0z100 ;Address card, clear buffer and assign 100
;program lines.

1160 ;Sets 116 to zero so SMCC can function
;without web running.

1024 ;Set feedrate to 100% of 106

HOM ;Do a Home Cycle to the start position.

;Note that home position represents the
;beginning of the synchronized blade
;motion for cutting the material. Adjust
;home offset so zero position is
;approximately 1/2 the sync. distance
;before the cut point.

i162 ;Slave the SMCC to the web speed. It is
;assumed that 127 was set to 8 and 147 to
;32768 for this application.

FORO ;Loop forever

T128 ;Time for move represents 1024 handwheel
;counts (128 x 8)

Ul024 ;Incrementally move X axis 1024 counts

;which represents 1/8 of a circumference
;of the blade. This part of the move is
/the "synchronized" part where the material
;gets cut.

T(P1) ;S5et the time for 7/8 of the blade’s
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;movement, during which velocity is
;changed in order to match the desired
;length. Total material cut distance is
; (Pl + 128) x B number of encoder counts.
;Clearly, T can be made a function of
;several P variables and can be set by
;external thumbwheels so as to represent
;the correct cut distance in inches,
smillimeters, or other units.

U7168 ;Move blade back to beginning of sync
;point, 7/8 of circumference. Total
;encoder counts for one blade rotation
;are 1024 x 2 x 4 = 8192,
;1024 + 7168 = 8192.

END ;End of program

To adjust for the different encoder counts per inch between the
web encoder and the knife encoder, program is modified as
follows:

T128

U349 ; (1024 x 217.30)/636.64 = 349
T(P1)

U7843 ;8192-349 = 7843

END

Note that due to the encoder scaling, the synchronized versus the
freewheeling distance ratio is now nearly 1 to 20. This is still
okay provided the motor can accelerate or decelerate fast enough.

EXAMPLE #28

INDEPENDENT X AND Y AXIS HOMING ROUTINES:

It is often necessary to home the X and Y axes independently of
each other. Even though such a procedure is possible by setting
115 to 1 then 115 to 0, the Y axis may drift while X is homing.
The use of the following routines provides a general purpose
manner in which to perform accurate homing cycles independently.

In this example, the main program can call the X homing routine
with GOSUB 00 and they with GOSUB 10.

C30=ffca ;Define C30 as address ffca.

M30=C30.6 ;Define M30 as bit 6 of ffca which indicates
;when the home flag interrupt has occurred.

M18=C04.4 ;M18 is defined as bit 4 or CO04 which, if

;undisturbed by new instructions, is
;specified as address ffb7 by the SMCC upon
sPOWer turn-on or reset. Bit 4 of ffb7 is
;the X axis home flag interrupt input. Bit
;6 1s the Y axis equivalent. (See I/0 Map)

L00t20 ;Label 00 performs a homing function for X 0
;axis alone. The routine checks for home
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F128
GOTO2IF (M18=1)

LO01U100

GOTO1lIF (M18=0)

LOZmffca,l

LO3U-100

GOTO3IF (M30=0)

SETP15=HX

SETP15=pP15+500

AX (P15)

For Y axis:

X with Y.

U W N =

)
)
) U with V.,
)
)

C30=ffc8
M30=C30.6
M19=C04.6
L10t20

L00, 01, 02,

PROGRAMMING EXAMPLES

;switch presence first. If present, will
;move to clear it and then will execute

;a homing function which will automatically
;detect the home switch, then the encoder
;"C" channel, make an offset move, and
sfinally set its final position to a
;specified value. The t20 specifies accel/
;decel times of about 20 milliseconds.

;Set feedrate to desired home feedrate.

;Go to label 02 if the home switch is on.
;Label 02 will cause the axis to move in

;a positive direction first until the home
;switch is cleared.

;Label 01, make a positive incremental 100
;count move.

;Go back to Label 01 if home switch is still
;Nnot present. Keep making +100 count moves.
sEnable X axis home flag interrupt when the
;home switch goes away.

;Label 03, make an incremental -100 count
;move.

;Go to Label 03 if home/flag (encoder "C*
;channel) is not present, interrupt has not
roccurred. Keep making a -100 count move
suntil it does.

;If home switch is present and interrupt
;/has occurred by "C" channel of encoder,
;Capture position at which the "C" channel
;occurred and assign this value to P15,
;Add an offset move of 500 counts to P15.
;The 500 can be any positive or negative
;value or another parameter.

;Make an absolute move relative to the
;captured position plus the offset move
;value. The final position will be
;precisely 500 counts from the position

;at which the home flag occurred.

;Set the final position to be 0 or any

;any other value.

sReturn to main program. Take care to
srestore proper accel/decel times and
;rates as required.

Replace ffca with ffcs
M18=C04.4 with M19=C04.6

03 becomes L10, 11, 12, 13.
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F128
GOT12IF (C04.4=1)

L11V100 . ;g
GOT11IF (C04.4=0)

Ll2mffca,l

L13V-100

GOT13IF (M30=0)

SETP15=HY

SETP15=P15+500

AY (P15)

Y=0

RET

EXAMPLE #2

SERPENTINE PATTERN

This program demonstrates the use of subroutines to create a
serpentine pattern which uses "Line to Circle" and "Circle to

Line" connections. See figure "Serpentine"™ for actual path
description.
A0z100 ;Address card 0, clear buffer
F324 ;Feedrate
HOM ;Go home
£150 ;Set accel/decel for 150 msec.
LIN ;Linear mode 0
X20000Y20000 ;Move X and Y to 20000 counts
DWE1024 ;Wait for 1 second
SETO1 ;Turn on MOl, used as Pen Up/Down control
; (Pen Down)
DWE100 ;Wait for about 100 msec for pen to come down
U9500 ;Incremental move X to 9500 counts
GOS00 ;Call Subroutine 00
G0SO01 ;Call Subroutine 01
GOs00 ;Call Subroutine 00
GOS01 ;Call Subroutine 01
GOS00 ;Call Subroutine 00
GOsO01 ;Call Subroutine 01
GO0S500 ;Call Subroutine 00
GOS01 ;Call Subroutine 01
DWE100 ;Wait 100 msec
RES01 sTurn off MO0l (Pen Up)
DWE100 ;Wait for about 100 msec. for pen to go up
X0YO ;sReturn X and Y to 0 position
END ;End of program
LOOCIRL ;Subroutine 00, circular CCW mode
R=1187 ;Set radius to 1187 counts
V2374 ;Incremental move one diameter
LIN ;Linear mode
U-9500 ;Incremental move X back 9500 counts
RET ;Return to main program o
LO1CIRD ;Subroutine 01, circular CW mode

265



PROGRAMMING EXAMPLES

HOME (0,0)

+= +X

(20000 , 20000) R=1187

[ 9500 ﬂ}/

@

(29500, 38992)

&
. 4

\{
+Y

-
NG
<
g

. (SERP) "SERPENTINE"
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R=1187 ;Set radius to 1187 counts

V2374 ;Incremental move one diameter

LIN ;Linear mode

Us500 ;Incremental move X to 9500 counts
RET ;Return to main program

EXAMPLE #30

COUNTER USING M-FUNCTION INPUT (COUNTER) :

The counter is triggered on the trailing edge of MI1 input.

AQPURGE ;Clear PLC program

IF M11=0 ;Check if MI1 switch is toggled
;/M30 is used as flag to cause
;the Pl counter to only count
;sonce when MI1 switch toggles.

THEN IF M30=0 ;Check if M30 flag is set

THEN M30=1 ;True, reset M30 flag

AND P1l=P1l+1 ;Add 1 to Pl counter

AND"P1™ ;Display value Pl on the screen
ELSE ;

IF Mll=1 ;Check 1if MI1l switch is released
THEN M30=0 ;True, set M30 flag

AND IF P1>999% ;Check if Pl 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

IXAMPTE #31

ZXAMPLE OF USE OF TIMERS (TIMEl) TO CONTROL OUTPUTS:

A0z100 ;Clear buffer and allocate 100
;program lines in the buffer
;program to generate 4 waveforms
/by using 4 timer ports. Refer to
;attached figure "M Function
;Output” for shape of waveform.
sNOTE: all timers are used for
;countdown only.

1621 ;Turn on PLC

RESO1 ;Reset MO1

RESQO2 ;Reset MQ2

RES03 ;Reset MO3

RESO4 ;Reset M0O4

RESP ;Reset all P (variables)

END ;End of program

AQOPURGE ;Clear existing PLC program and
;start new PLC program

Ir P1<1 ;Flag to activate timers
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PROGRAMMING EZXNAMPLIS

AS EACH M FUNCTION
TURNS ON, PRINT STATUS

ON HOSTS SCREEN.
| ——————10.85 SEC. ———&,
| | T0
MO1 .69 SEC. |
I e
LT3 : !
! |
Mo2!  1.38 SEC. I
1 S
E T2 f '
]
MO3 | 2,65 SEC. !
: T : —
i
I
]
MO4 ! 3.5 SEC.
| TO
E——-+ SET P1=0TO START THE CYCLE
PRINT TURN-OFF
MESSAGE ON SCREEN
WHEN CYCLE IS
COMPLETED.

(M FUNCTION OUTPUT)

M FUNCTION OUTPUTS

BY PLC TIMER CONTROL
(SEE ATTACHED PLC PROGRAM)



THEN P1=1

AND T0=80

AND T1=60

AND T2=60000
AND T3=30000

IF TO=0 AND P3<1

THEN M04=1

AND P3=1

AND SEND"MO4-ON™
AND P2=1

AND TO0=250

ELSE IF T1=0
AND P4<«<1

THEN M03=1

AND P4=1

AND SEND"MO3~ON"
ELSE IF T2=0

AND P5«<1

THEN M02=1

AND P5=1

AND SEND"MOZ2-ON"
ELSE IF T3=0

AND P6<1

THEN MQ1=1

AND P6=1

AND SEND"MO1-ON"
ELSE IF TO=0

AND P2>0

THEN M01=0

AND M02=0

AND M03=0

AND M04=0

AND P2=0

AND

ELSE
END

EXAMPLE #32

MULTIPLE

SEND"MOl-to-MO4-are-off"

"MESSAGE"

PROGRAMMING EXAMPLES

;NOTE: To activate timers, set P1
;L0 any wvalue less than 1.

;True, set Pl to 1

;Set timer 0 to 3.5 sec.

;Set timer 1 to 2.6 sec.

;Set timer 2 to 1.38 sec.

;Set timer 3 to 0.69 sec.

;Check if TO is finish countdown
;/Note that in this PLC program, P2
;P3, P4, P5, and P6 are used as flags
;to print each message only once
;0N screen.

;True, turn on MO04

;Set P3 to 1

;Print message on screen

;Set P2 to 1

;Set timer 0 to 10.85 sec.

;False, check T1

;True, turn on MO03

;Set P4 to 1

;Print message on screen
;False, check T2

;True, turn on M02

;Set P5 to 1

;Print message on screen
;False, check T3

;True, turn on MO1

;Set P6 to 1

;Print message on screen
;Check 1if T0’s second countdown is
;finished

;True, turn off MQO1

;Turn off M0O2

;Turn off M03

;Turn off MO4

;Set P2 to O

;Print message on
;screen

;False, do nothing

TRANSMISSIONS (TIME3):

This program prints three message lines on the screen by using a
timer to generate the necessary delay of approximately 600 msec.

between transmissions.
the host computer to lose data
display the message simultaneously.

L} Qe ]

the switch.

Consecutive,

undelayed messages may cause
if

it is trying to receive and
To run the program toggle

The three line message will be sent each time the
switch is toggled.
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PROGRAMMING EXAMPLES

AQz ;Clear buffer

SET C00=ff3a ;Assign CO00 to address ff3a

SET M30=C00.2 ;Set M30 to bit 2 of CO0O0

SET M31=C00.3 ;Set M31 to bit 3 of C00
;Note that ff3a and M30,M31 define
;"=" (PREJOG) SWITCH input to SMCC
; (See address map)

SET Pl=1 ;:Set Pl to 1

SET P2=0 ;Set P2 to O

RES30 ;Reset M30

RES31 ;Reset M31

RESO1 ;Reset MO1

1621 ;Enable PLC

END ;End of program

;Note that there is no motion
;program in this PLC example.

AQOPURGE ;Clear existing PLC program and
;start new PLC program

IF M30=1 AND M31=1 ;Check if "=" switch was toggled

THEN TO0=15 ;Yes, set TO timer to 600 msec.

AND P1=0 ;Set Pl to O

IF T0=0 AND P1<1l ;Check if both TO and Pl are 0

THEN IF MO1l=1 ;Yes, check if M0l is on

THEN M01=0 ;Y¥es, turn off MOl

AND P1l=1 ;Set Pl to 1

AND P2=1 :Set P2 to 1

AND TO0=15 ;Set TO timer to 600 msec.

AND SEND"How-are-you";Print second message just once

ELSE M01=1 ;No, turn on MO1

AND T0=15 ;Set TO timer to 600 msec.

AND SEND"Hello" ;Print first message, just once
ELSE IF TO=0 AND P2>0;No, check TO is 0,P2 is not 0

THEN P2=0 ;YES, set P2 to 0

AND SEND"Good-bye" ;Print third message just once
ELSE ;No, do nothing

END ;End of PLC program

;The host computer screen should
;show three message lines:
;Hello/how-are-you/good-bye

EXAMPLE #33

GLUE DISPENSER PROGRAM (GLUE) :

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
time glue is applied to one side.
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A0z200

I150

F1024

FOR4
X34000Y10552

SETO01

DWE256

V750

U320
U-2638v21360
CIR1

R=2833
U-2925V2565

RESETO1
LIN
U-480

SETO02

DWELLS51
RESETO02
X34000Y9732
DWEZ20

NEXT

0YO

END

AQPURGE

IF M11=0
TEEN MO01=0
AND MQ02=0
AND I03=0
AND"Q"

AND TI15=1
AND"D"
AND"R"

AND P3=1
AND I03=1

IF M13=0
AND P3>0
THEN I03=0
AND "g"
AND I15=0
AND"h"

AND P3=0
AND I03=1

IF M14=0
THEN M02=1
AND T3=23830

PROGRAMMING EXAMPLES

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

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

sMove glue gun to starting
;position

;Turn on MOl output which starts
sdispensing glue

;Wait for 256 msec.

;Move Y axis incrementally

;Move X axis incrementally
;Interpolated, simultaneous move
;Circular mode, CCW (arc setup)
;Radius

;Arc 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.

sTurn off chuck (stop chuck)
sMove back to starting position
;Wait for 20 msec.

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

;Clear existing PLC program and
;start new PLC

;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
;sHome X axis only

;Set flag 3

;Enable COMMUNICATIONS handshake

;Check if X home flag is on

sTrue, disable COMMUNICATIONS handshake
;Quit current move

;Enable Y axis

;Home both X and Y axis

;Resets flag 3

;Enable COMMUNICATIONS handshake

;Check if index chuck is on

;True, rotate chuck
;This cause the index chuck to
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;stay on for 51 msec.

AND P5=1 ;Set flag 5

IF T3=0 AND P5>0 ;Check if TO0 is finished with
;countdown

THEN M02=0 ;True, turn off index chuck
AND P5=0 ;Reset flag 5
END ;End of PLC program

EXAMPLE #34 (Note: This program uses the obsolete method of
diode-isolated thumbwheels. To see how to use the ACC-18 thumb-
wheel multiplexer board, refer to Examples 52 and 53 - page 383.)

THUMBWHEEL TEST (TESTHUMB.SMC) :

This program is used to test all 16 thumbwheel switches, M02 to
MO05 outputs (LEDs), and MI1 to MI4 inputs (switches). To run
this test, load "Testhumb" and issue a "R" Run Command. Observe
the screen. You will see on the screen a message, "THUMBWHEEL
#", then the first and the second number. The first number
represents the order number of the thumbwheel switch. The second
number represents the value number you set on the thumbwheel
switch. A non-existing thumbwheel will show a value of 0. After
all 16 thumbwheel switches are tested, it will test the M0O?2 to
MO5 outputs. If you have LEDs connected to M02, MO03, M04, and
MO5, you’ll see the LEDs light up, one at a time. Finally, the
last test 1s to test the MI1l to MI4 input switches. The SMCC
will send a message to the screen to tell you to toggle the MI
switch. After you toggle the MI switch you will see a message
"OK" print on the screen. (If you don’t have the MI switch
available, you can bypass it by pressing any alpha key or numeric
key on your computer’s keyboard.) If you press SHIFT, CTRL, ALT,
ENTER, or any special key, the program will ignore it. After all

the tests are done, you will see the final message printed on the
screen.

AQz300 ;Clear buffer, assign 300 buffer lines
I621 ;Enable PLC

SETC25=ffb8 ;Address of parallel port (data in)
SETCZ26=feec ;Address of the pointer, SMCC uses

;this address to scan the data input
;from computer’s keyboard
RESP ;Reset variable parameters
RESQ2 ;Reset M-functions
RES03
RESO4
RES0S
RES30
RES31
RES32
RES33
mmffb9, fe ;Enable switch #1 & switch #2
GOSs03 ;Call Subroutine 3
mmf £b9, £fd ;Enable switch #3 & switch #4
G0Ss03
mmffb9, fb ;Enable switch #5 & switch 46
G0OSs03
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mmffb9, £7
G0OSsO03
mmffbg,ef
G0Ss03
mmffb9,df
G0Os03
mmffb9,bf
G0OS03
mmffb9, 7£
G0OS03
DWE1024
SET02
DWE1024
SETO03
DWE1024
SET04
DWE1024
SET05
DWE1024
RESO5
DWE1024
RES04
DWE1024
RESO03
DWE1024
RES02
DWE1024
SET Pll=1
SET30
STOP

SET Pl2=1
SET31
STOP

SET P13=1
SET32
STOP

SET P1l4=1
SET33
STOP

SET P8=1
END

LO0OCAS25,16L

SETP1=15
SETP1=14
SETP1=13
SETP1=12
SETP1=11
SETP1=10
SETP1=9
SETP1=8
SETP1=7
SETP1=6
SETP1=5
SETP1=4

PROGRAMMING EXAMPLES

;Enable switch #7 & switch #8
;Enable switch #9 & switch #10
sEnable switch #11 & switch #12
sEnable switch #13 & switch #14
;Enable switch #15 & switch #16

;Wait 1 second
; Test M02, on

: Test M03, on
;Test M04, on
;Test M05, on
;Turn off MO05
;Turn off MO04
;Turn off MO3
;Turn off M02

;Test MI1 to MI4 input switch

;The SMCC will ask you to toggle the
sMI switch; after you toggled the MI
;switch you will see a message "OK"®
;print on the screen.

’ OO
;Subroutine 00, reads thumbwheel switch
;and determines value of Pl

;CAS25 tells SMCC to read data at
;address defined by C25, in this case
;ffb8,"L" tells SMCC to read the 4
;lower bits (least significant nibble)
;and the 16 defines a 16 step table

;of commands, one of which is executed
;based on the value read at ffb8

;Note that the thumbwheel switch is
;being read "backward"; this is in
;order to induce an effective
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SETP1=3
SETP1=2
SETP1=1
SETP1=0
RET

LO1CAS25, 16H

SETP1=0
SETP1=0
SETP1=0
SETP1=0
SETP1=0
SETP1=0
SETP1=9
SETP1=8
SETP1=7
SETP1=6
SETP1=5
SETP1=4
SETP1=3
SETP1=2
SETP1=1
SETP1=0
RET

LO2

SET p2=pP2+1

PROGRAMMING EXAMPLES

spolarity reversal of the thumbwheel
;switch’s bits. The actual thumbwheel
;used, outputs "low true" data and
;therefore must be inverted.

; 01
;Subroutine 01, same as Subroutine 00
;sbut the "H" tells SMCC to read the 4

shigher bits (most significant nibble).

;Subroutine 02
; Thumbwheel switch incremental.

SET P10=1 ;Set delay time so the SMCC can print
DWE700 ;multiple message on screen.
SET P3=1 ;The delay of 700 msec is to prevent
DWE700 ;SCreen overwrite.
SET P4=1
DWE700
P 03
RET
.03 ;Subroutine 03
G0OS00 ;Call Subroutine 0
G0S02 ;Call Subroutine 2
GOsS01 ;Call Subroutine 1
G0Ss02 ;Call Subroutine 2
RET
AQOPURGE ;Clear PLC start of PLC
IF P10>0 AND P10<2 ;program
THEN P10=0 ;Check 1if P10 is 1

AND SEND"THUMBWHEEL #" ;True, print message

ELSE

IF P3>0 AND P3<2
THEN P3=0

AND"P2"

ELSE

IF P4>0 AND P4<2
THEN P4=0

;False, do nothing

;Check 1if P3 is 1

;True, print message

;This causes SMCC to print the
;value of P2

;Note that P2 is the order
;number of the thumbwheel switch.
;False, do nothing

;Check if P4 is 1

;True, print value of Pl
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AND"PL1®
AND P1=0

ELSE

IF P11>0 AND M11=0
OR C26=1 AND P11>0
THEN P11=0

AND SEND"OK"
AND P15=1
ELSE

IF P12>0 AND M12=0
OR C26=1 AND P12>0
THEN P12=0

AND SEND"OK"

AND P15=1

ELSE

IF P13>0 AND M13=0
OR C26=1 AND P13>0
THEN P13=0

AND SEND"OK"

AND P15=1

ELSE

IF P14>0 AND M14=0
OR C26=1 AND P14>0
THEN P14=0

AND SEND"OK"
AND P15=1

ELSE

IF P15>0 AND P15<2
THEN P15=0

AND"R"

ELSE
IF M30=1
THEN M30=0

PROGRAMMING EXAMPLES

;This causes the SMCC to print
;the value of P1.

;Note that Pl is the number
;set on the thumbwheel switch.
;False, do nothing

sCheck if MI1l switch is
sactivated or any input is
;received from the computer’s
s keyboard.

;True, print message

;False do nothing

;Note that C26 (address of the
;pointer) is set to 1. So the
; SMCC knows that it only
;received one single number
;or one character from the
;computer’s keyboard.

;When the SMCC detects input
;from the computer’s keyboard
;it aborts testing that MI
;switch and goes on to next MI
;switch.

;Check if MI2 switch is
;activated or any input is
;received from the computer’s
;keyboard.

;True, print message

;False, do nothing

;Check if MI3 switch 1is
;activated or any input is
;received from the computer’s
;keyboard.

;True, print message

;False, do nothing

;Check if MI4 switch is
;activated or any input is
;received from the computer’s
;keyboard.

;True, print message

;False, do nothing

;Check if P15 is 1

;True, send "R", Run Command
;The "R", Run Command is
rneeded in this case because
;the program is forced to

/Stop when it tests the MI
;switch, so it can wait for the
;MI switch to toggle.

;Check flag to print the
smessage on the screen.
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HESISTOR SIP 221 FROM 1KOHM TO 4.7 KOHM, IMPROVES NOISE IMMUNITY.

SIP PART NUIABLI:

ON SMCC, CHANGING PuL1 up

TK-AB710A102, 4.7K-AB710A473
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"DAT1" AND "DAT2" LINES, ETC.. THEREFORE THE INPUT DATA TO SMCC IS INVERTED.
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AND SEND"TOGGLE MI1"
ELSE

IF M31l=1

THEN M31=0

AND SEND"TOGGLE MIZ2"
ELSE

IF M32=1

THEN M32=0

AND SEND"TOGGLE MI3"

IF M33=1

THEN M33=0

AND SEND"TOGGLE MI4"

ELSE

IF P8>0 AND P8<2 ;Check flag to print the
THEN P8=0 ;final message.

AND SEND"TEST_IS_COMPLETED Thank you"

ELSE

END

EXAMPLE #35 (Note: This program uses the obsolete method of
diode-isolated thumbwheels. To see how to use the ACC-18 thumb-
wheel multiplexer board, refer to Examples 52 and 53 - page 383.)

STRAIGHT MOVE USING THUMBWHEELS (XYMOVE) USE OF LOWER-CASE "H"
AND "L" IN CAS COMMAND:

This program uses the thumbwheel switches to control position,

dwell time, and feedrate. This program allows you to select X
axis, Y axis, or X and Y axes moves by using the "Select"
thumbwheel. One is for X axis, two is for Y axis, and three is

for X and Y axes.

Afrer a move is completed, the program waits for the MIl switch
to toggle then makes a move back to the zero position. Note that
the distance set on the "Position" thumbwheel is the size of the

move; also you will see a message:

"X_axis only", "Y axis only", or "X and Y axis"
display on the screen each time the program is run. The
"X axis only" message tells that SMCC is running the X axis. The
"Y axis _only" message tells that SMCC is runnlng Y axis. The

"X and Y _axis" message tells that SMCC is running both X and Y
axes.
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A0z300
I1280

I621
SETC25=£ffb8
RESO1
RES02
RESO03
RES04
RESO05
SETP4=0
SETP5=0
SETP6=0
SETP7=11
SETPB8=0
SETP10=0
SETP1ll=1
SETP12=2
SETP13=110
SETP14=0
mmffb9, fe
SETP2=1
SETP3=10
GOS03

PROGRAMMING EXAMPLES

;Clear buffer
;Set move delay to 80 msec, needed for
;allowing sufficient calculation time
;Enable PLC

;Address of parallel port
;Reset MO1
;Reset M0O2
;Reset MO03
;Reset MO4
;Reset MO05

;Set P4 to value
;Set P5 to value
;Set P6 to wvalue
;Set P7 to value
;Set P8 to wvalue
;Set P10 to value 0

;Set Pll to value 1

;Set Pl2 to value 2

;Set P13 to wvalue 110

;Set P14 to value 0

;Enable "dwell" switch and "select" switch
;Set P2 to value 1
;Set P3 to value 10
;Call Subroutine 03

(data in)

1

O OO0

(read "select"™ switch)

SETP8=(P6*P11);Calculate P8

SETP6=0
G0Os04

SETP14=(P6*P13);Calculate P14

DWES00
SETP6=0
mmffbS, £d
GOSO03
GOs04

SETP10=(P6*P7);Calculate P10

SETP6=0
F(P10)

;Set P6 to value 0
;Call Subroutine 04 (read "dwell" switch)
(dwell time)

;Wait for 500 msec

;Set P6 to value 0

;Enable "speed" switch

;Call Subroutine 03

;Call Subroutine 04

(feedrate wvalue)

;Set P6 to value 0

;Set feedrate (depends on value of P10)

GOSO0IF (MO2=1AND M03=0);Select X axis
GOSO6IF (MO3=1AND M02=0);Select Y axis
(

GOSO7IF (MO2=1ANDM03=1)

SETP10=0
SETP14=0
END

LOOSETP6=0
LIN

GOSs01
SETPS9=1
DWE100
U(Po)
DWE(P14)

;Select X and Y axis
;Set P10 to value 0

;Set Pl4 to value 0

;End of program

;Linear mode

;Call Subroutine 01
;Set flag P9

;Wait 100 msec
;Incremental move X
;Wait

GOT-01IF (M1l1=1);Wait until MI1 switch toggles

X0

DWE (P14)
G0s02
RET

;Move back to 0 position
;Wait
;Call Subroutine 02
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LO1lmmffb9, ef

GOS03
GOS04

mmffb9, £7
SETP2=100

G0OsO03

SETP3=1000

GOs04

mmffb3, fb
SETP2=10000

GOS03
GOS05

SETP6=(P6*P1)

RET

LO2SETP10=0

SETP2=1
SETP3=10
SETP4=0
SETP5=0
SETP6=0
DWES00
RET

LO3CAS25,10h

SETP1=0
SETP1=1
SETP1=2

SETP1=8
SETP1=9

SETP4=(P1*P2)
SETP6=(P6+P4)

RET

PROGRAMMING EXAMPLES

o 01

;Subroutine 01 (read distance switch)
;Enable switch #9 & #10

;Call Subroutine 03
;Call Subroutine 04
;Enable switch #7 & #8
:Set P2 to value 100
;Call Subroutine 03
;Set P3 to value 1000
;Call Subroutine 04
;Enable switch #5 & $6
;Set P2 to value 10000
;Call Subroutine 03
;Call Subroutine 05
;Calculate P6 (total distance)

; 02
;Subroutine 02 (initiallize variable
;parameter)

;Set P10 to value 0

;Set P2 to value
;Set P3 to value
;Set P4 to value
;Set P5 to value
;Set P6 to value

;Wait 500 msec

0

OO O

H 03
;Subroutine 03, reads thumbwheel switch
;and determines value of Pl

;CAS25 tells SMCC to read data at
;address defined by C25, in this case
;ffb8, "h" tells SMCC to read the 4
;higher bits (most significant nibble)
;and the 10 defines a 10 step table
;0f moves.

;Note that the lower-case "h" or lower-
;case "1l", as opposed to "H" or "L",
;cause the SMCC to read the thumbwheel
;and inverting the data before using
;it to make the table jump.

;This permits the use of thumbwheels
;which invert data to be used

;without having to change the program
;to read "upside-down" data.

;The lower-case "h" and "1" Commands
;are available on software version
;2.35, 10/6/88 for Standard and 2.54p,
;10/6/88 for Parabolic.

;Calculate P4

;Calculate P6
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L04CAS25,101

SETP1=0
SETP1=1
SETP1=2
SETP1=3
SETP1=4
SETP1=5
SETP1l=6
SETP1=7
SETP1=8
SETP1=9

SETPS5=(P1*P3)
SETP6=(P6+P5)

RET

L05CAsS25,101

SETP1=0
SETP1=1
SETP1l=-1
SETP1=0
SETP1=0
SETP1=0
SETP1=0
SETP1=0
SETP1=0
SETP1=0
RET

LO6GOS01
SETP9=2
DWE100
V(P6)
DWE (P14)

PROGRAMMING EXAMPLES

H 04
;Subroutine 04, same as Subroutine 03
;but the lower-case "1" tells SMCC to
;read 4 lower bits (least significant
;nibble) by reading the thumbwheel and
;inverting the data before using it to

;make the table jump.

;Calculate P5
;Calculate P6

f e o 05
;Subroutine 05, same as Subroutine
;04 but tells SMCC to determine

;positive or negative move.

;Positive
;Negative

;Subroutine 06 (Y axis)
;Set flag P9

:Wait 100 msec
;Incrementally move Y
;Wait

GOT-01IF (Ml11=1);Wait until MI1 switch toggles

YO0

DWE (P14)
GOS02
RET

;Move Y back to 0 position
sWait
;Call Subroutine 2
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; 07
L07G0Ss01 ;Subroutine 17 (X and Y axis)
SETP9=3 ;Set flag P9
DWE100 ;Wait 100 msec
U(P6)V(PO6) ;Incrementally move X and Y
DWE (P14)
GOT-01IF (M11=1);Wait until MI1 switch toggles
X0YO0 /Move X and Y back to 0 position
DWE (P14) ;Wait
G0S02 ;Call Subroutine 2
RET
AQPUR ;Clear PLC start of PLC program
IFP8>0 ;Check if P8 (select switch) is 1 (X axis)
ANDPB8<2
THENMOZ2=1 ;true, turn on MO02
ANDMO3=0 ;Turn off MO03
IFP8>1 ;Check if P8 (select switch) is 2 (Y axis)
ANDP8<3
THENMO03=1 ;True, turn on MO03
ANDMO2=0 :Turn off M0O2
IF P8>2 ;Check if P8 (select switch) is 3 (X and Y
ANDPB<4 ;axis)
THEN M02=1 ;True, turn on MO02
AND M0O3=1 ;Turn on M03
IFP9>0 ;Check if flag P9 is 1
ANDP9<2
THENP9=0 ;True, reset flag P9
AND SEND"X_axis_only";Send a message to the screen
IFPS>1 ;Check if flag P9 is 2
ANDP9<3
TEENP9=0 ;True, reset flag P9
AND SEND"Y_axis_only";Send a message to the screen
IFP9>2 ;Check if flag P9 is 3
ANDP9<4
THENPS=0 ;True, reset flag P9
AND SEND"X_and_Y axis";Send a message to screen
oND

EXAMPLE #36 (Note: This program uses the obsolete method of
diode-isolated thumbwheels. To see how to use the ACC-18 thumb-
wheel multiplexer board, refer to Examples 52 and 53 - page 383.)

TYPICAL USE OF THUMBWHEELS (TYPTHUMLl) USE OF LOWER-CASE “"H" AND
"L" IN CAS COMMAND:

This program uses the thumbwheel switches to control loop,
position and feedrate. See attached drawing for actual connection
of thumbwheel switches. To run this program, first set the
program switch to one or two. If set other than one or two,
program will do nothing. When program switch is set to one, then
this program will run program #1; if program switch is set to
two, then this program will run program #2. Program #1 allows
you to set position feedrate and repeat loop. It reads the
repeat switch first then the speed and distance switch. After it
finishes reading the distance switch, it will move X to the
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position set on the distance switch then wait for MI1 _input
switch to be activated, then it will move X back to 0 position.

NOTE: When the repeat switch 1s set to 0, it tells the
program not to repeat. If it is set to 1, it tells the
program to run one more time and so on depending on the
selected repeat switch number.

Program #2 is actually two programs in one. In this program the
thumbwheel switches function the same as in program #1. First it
runs the circle ©program. (You will see the message
"CIRCLE PROGRAM" print on screen.) In the circle program, the
position you set on the DISTANCE switch is the size of the
circle’s radius. After the circle program is done, it runs the
square program. (You will see the message "SQUARE PROGRAM" print
on screen.) In the square program, the position you set on the
distance switch is the size of the square’s sides. After the

square is done, it does a diagonal line then returns to the zero
position.

AQ0z300 ;Clear buffer

I1280 ;Set move delay to 80 msec, needed for
;allowing sufficient calculation time

I621 ;Enable PLC

SETC25=ffb8 ;Address of parallel port (data in)

SET P14=0 ;Set Pl4 to value 0

RESO1 ;Reset MO1

RES02 ;Reset MQO2

RES(O3 ;Reset M0O3

RESO04 ;Reset MO4

RESO05 ;Reset MOS5

SETP4=0 ;Set P4 to value 0

SETP5=0 ;Set PS5 to value 0

SETP6=0 ;Set P6 to value 0

SETP7=11 ;Set P7 to value 11

SETP8=0 ;Set P8 to value 0

SETP10=0 ;Set P10 to wvalue 0

SETP11=1 ;Set Pll to value 1

SETP12=2 ;Set P12 to value 2

mmffb9, fe ;Enable program and repeat switch

SETP2=1 ;Set P2 to value 1

SETP3=10 ;Set P3 to value 10

GOS03 ;Call Subroutine 03 (read repeat switch)

SETP8=(P6*P1l1l);Calculate P8

SETP8=PB8+1 ;Calculate P8

SETP6=0 ;Set P6 to value 0

G0Os04 ;Call Subroutine 04 (read program switch)

SETP14=(P6*P1l);Calculate P14 (program select)

DWES00 ;Wait for 500 msec

SETP6=0 ;Set P6 to value 0

FOR(P8) ;For loop (depends on value of P8)

mmffb9, fd ;Enable speed switch

GOS03 ;Call Subroutine 03

G0OS04 ;Call Subroutine 04

SETP10=(P6*P7) ;Calculate P10 (feedrate value)
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;Set P6 to value 0
;Set feedrate (depends on value of P10)

GOSO00IF (M04=1);Select program #1
GOS06IF (M05=1);Select program §#2

SETP10=0
NEX
SETP14=0
END

LOOSETP6=0
LIN

GOs01
U(P6)V(P6)

DWE1024
SETP15=1
STO

SETP15=0
X0Y0
DWE1024
G0Ss02
RET

LOlmmffb9,ef

GOS03
GOS04
mmEEb9, £7
SETP2=100
GOS03

SETP3=1000
GCs04

mmffbp9, fb
SETPZ=10000
GOS03

GOsS0S

SETP6=(P6*P1)
RET

LO2SETP10=0

SETP2=1
SETP3=10
SETP4=0
SETP5=0
SETP6=0
DWES00
RET

LO3CAS25,10h

;Set P10 to value 0
;End of loop

;Set P14 to value 0
;End of program

;Subroutine 00 (program #1)

;Linear mode

;Call Subroutine 01

;Incremental move (depends on value of
;P6)

;Wait 1 second

;Set P15 to value 1

;Stop (wait until MI1 switch toggles)
;See PLC program

;Set P15 to value 0

;Move back to 0 position

;Wait 1 second

;Call Subroutine 02

01

;Subroutine 01 (read distance switch)
;Enable switch #9 & #10

;Call Subroutine 03
;Call Subroutine 04
;Enable switch #7 & #8
;Set P2 to value 100
;Call Subroutine 03

;Set P3 to value 1000
;Call Subroutine 04
;Enable switches #5 ¢ #6
;Set P2 to wvalue 10000
;Call Subroutine 03
;Call Subroutine 05
;Calculate P6 (total distance)

02

;Subroutine 02 (initialize variable
;parameter)

;Set P10 to value 0

;Set P2 to value 1
;Set P3 to wvalue 1
;Set P4 to value 0
;Set PS5 to value 0
;Set P6 to value 0
;Wait 500 msec

03

;Subroutine 03, reads thumbwheel switch
;and determines value of P1.
;CAS25 tells SMCC to read data at
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SETP1=0
SETP1=1
SETP1=2
SETP1=3
SETP1=4
SETP1=5
SETP1=6
SETP1=7
SETP1=8
SETP1=9

SETP4=(P1*P2)

SETP6=(P6+P4)

RET

L04CAS25,101

SETP1=0
SETP1=1
SETP1=2
SETP1=3
SETP1=4
SETP1=5
SETP1=6
SETP1=7
SETP1=8
SETP1=9

SETP5=(P1*P3)
SETP6=(P6+P5)

RET

L05CAS25,101

SETP1=0
SETP1=1

SETP1=-1

SETP1=0
SETP1=0
SETP1=0
SETP1=0
SETP1=0
SETP1=0

PROGRAMMING EXAMPLES

;address defined by €25, in this case
;ffb8, "h" tells SMCC to read the 4
shigher bits (most significant nibble),
;and the 10 defines a 10 step table

;0f moves.

;Note that the lower-case "h" or lower-
;case "1", as opposed to "H" or "L",
;cause the SMCC to read the thumbwheel
;and inverts the data before using

;it to make the table jump.

;This permits the use of thumbwheels
;which invert the data to be used
;without having to change the program
;to read "upside-down" data.

;The lower-case "h" and "1" Commands
;are available on software version
:2.35, 10/6/88 for Standard and 2.54P,
;10/6/88 for Parabolic.

;Calculate P4

;Calculate P6

; 04
;Subroutine 04, same as Subroutine 03
;but the lower-case "1" tells SMCC to
;read 4 lower bits (least significant
;nibble) by reading the thumbwheel and
;inverting the data before using it to

;make the table jump.

;Calculate PS5
;Calculate P6

; 05
;Subroutine 05, same as Subroutine
;04 but tells SMCC to determine
;positive or negative move.

;Positive
;Negative
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SETP1=0
RET
e e e 06
L06GOS01 ;Subroutine 06 (Program #2)
;Call Subroutine 01
SETO01 ;Turn on MO1
CIRO ;Circle mode
R= (P6) ;Set radius to value of P6
£50 ;Set accel/decel time to 50 msec
X (P6*P12) ;Move X 1 diameter
DWE1024 ;Wait 1 second
X0 ;Move X back to 0 position
DWE1024 ;Wait 1 second
SETO02 ;Turn on MO02
LIN ;Linear mode
t200 ;Set accel/decel time to 200 msec
X(P6) ;Move X bases on P6
DWE1024 ;Wait 1 second
Y (P6) ;Move Y bases on P6
DWE1024 ;Wait 1 second
%0 ;Move X back to 0 position
DWE1024 ;Wait 1 second
Y0 ;Move Y back to 0 position
DWE1024 ;Wait 1 second
X(P6)Y (P6) ;Move X and Y base on P6
DWE1024 ;Wait 1 second
X0YO0 ;Move X and Y back to 0 position
DWE1024 ;Wait 1 second
G0OS02 ;Call Subroutine 02
RET
AQPUR ;Clear PLC_ _  start of PLC program
IFP15>0 ;Check if P15 is not 0
ANDM11=0 ;and MI1 switch is activated
THEN"R" ;True, send "R", Run Command
ELSE ;False, do nothing
IFM01=1 ;Check if M0l is on
THENMO1=0 ;True, turn off MOl
ANDSEND"CIRCLE PROGRAM" ;Print message on screen
ELSE ;False, do nothing
IFM02=1 ;Check 1if M02 is on
THEN M02=0 ;True, turn off MOQO2
ANDSEND"SQUARE PROGRAM" ;Print message on screen
ELSE ;False, do nothing
IFP14>9 ;Check if P14 is 10 (1 on program switch)
ANDP14<11
THENMO4=1 ;True, turn on M04
ANDMO5=0 ; Turn off MOS
ELSE ;False, do nothing
IFP14>19 ;Check if P14 is 20 (2 on program switch)
ANDP14<21 :
THENMO5=1 ;True, turn on M05
ANDM0O4=0 ;Turn off MO4
ELSE ;False, do nothing
END
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EXAMPLE #37

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 M0l (M-function output #1, bit 5 of address ff01)
is:

;Definition by Direct Commands

C01 = ff01 ;Define COl variable as SMCC memory
;address FFO01

M01 = CO01.5 :M01 is defined as bit 5 of that address
;Definition Inside Program

SET C01 = f£01
;Define COl1 variable as SMCC memory
;address FFOQ1

SET MO1 = CO01.5

;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 them (see Software
Reference Manual for details). Note that since C01-C05, MO1-MO5,
and M11-M17 are already defined internally for M-functions, it is
recommended not to use these definitions so as to eliminate
confusion.

EXAMPLE #38

CONDITIONAL EXECUTION:

To change program execution sequence, the following six commands
may be used.

GOTO+ nn (IF (NOT) Condition) -- Go to forward nn program lines

GOTO- nn (IF (NOT) Condition) -- Go to backward nn program lines

GOTO nn (IF (NOT) Condition) =-- Go to label nn and end program
when RETURN is executed

GOSUB nn (IF (NOT) Condition) -- Call Subroutine nn and return

SET nn (IF (NOT) Condition) =-- M-function Output Control

RESET nn (IF (NOT) Condition)

Logic is determined by conditions expressed after an IF or IF NOT

statement. See the following syntax examples:
Command IFNOT 01 > 128 ;If COl is not greater than 128
Command IF 01 * 4 ;Bit-wise logical AND
;If bit 2 of C01 is 1
Command IF 01 + 16 ;Bit-wise logical OR
Command IF (MO1=0 AND M02 =1)
Command IFNOT (P04 >= X) ;I1f P04 Value is >= X position
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The following example demonstrates selection of a sub;outine
execution depending on the M-function or current axis position.

C01 = ffbc ;Define CO0l1 as machine input address
M02 = C01.0 ;Define M02 as machine input #1 (bit 0)
C03 = C01.1 ;Define M03 as machine input #2 (bit 1)
P11 = 10000 ;Define variable P11 as 10000

GOSUB 02 IF (M02=1) AND (M03=0) ;Execute Subroutine 02
; (Defined by L02), if MIl is
;HIGH and MI2 is LOW

GOTO+ 05 IF NOT (P11l > X)
;If present position (X axis)
;7is less than 10000, skip
:5 Instructions

EXAMPLE #39

USING M-FUNCTION INPUTS AS CONTROL PANEL INPUTS:

This PLC program uses M-function inputs M15 (JMach, Cc28), Mlé6
(JMach, C27) and M17 (JMach, C26) as "Run", "Z" and "hX" (home X
axis only) Commands.

TO ACTIVATE ANY OF THESE INPUTS, GROUND THE INPUT, OTHERWISE,
leave it open.

AQPURGE ;Clear all existing PLC programs

IF M15=1 ;Check if M15 switch is toggled

THEN IF P1<1l ;Check if send flag 1 is set

AND P1>-1

THEN"R" ;True, starts continuous program
;execution

AND Pl=1 ;Reset send flag 1

ELSE ;

ELSE P1=0 ;Set send flag 1

IF Mle6=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 PZ2=1 ;Reset send flag 2

ELSE ;

ELSE P2=0 ;Set send flag 2

IF Mi7=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"QhX" ;Starts X axis on home cycle

ELSE ;

ELSE P3=0 ;Set flag 3

END ;End of PLC program
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EXAMPLE #40

JOYSTICK CONTROL:

Connect CW of the X axis POT and CW of the Y axis to 5V, CCW of X
axis POT and Y axis to GND, and wiper of X axis to C1(JMACH) and
wiper of Y axis to Al (JMACH). Then connect the two wires of the
joystick button, one wire to C18(JMACH), and the other wire to
C8 (JMACH) . To jog the X motor, push and hold the joystick button
then move the joystick horizontally, right is CW and left is CCwW.
To jog the Y motor, push and hold the joystick button then move
joystick vertically; up is CW and down is CCW. The Jjoystick is
disabled when resting center or the value of the input from the
joystick is within the range of the offset value.

AQ0z50 ;Address card, clear buffer

Cle=£fe90 ;Address of RAW ATD #2 INPUT (X axis)
Cl7=fe91 ;Address of RAW ATD #3 INPUT (Y axis)
P3=124 ;Offset value for - JOG

P4=129 ;Offset value for + JOG

P5=0 ;Flag to send "g"

AQOPURGE ;Clear existing PLC program

IF M15=1 ;Check if joystick button is on

THEN I14=3 ;0On, enable joystick

AND P1=C16 ;Move value of Cl6 to Pl variable
AND P2=C1l7 ;Move value of Cl7 to P2 variable
AND P5=1 ;Enable "g" flag

AND IF P1<(P3) ;Check if Pl and P2 are not in range
OR P1>(P4) ;0f offset value

OR P2<(P3) ;

OR P2>(P4) ;

THEN I14=3 ;True, enable joystick

ELSE I14=0 ;False, disable joystick

AND IF P5>0 ;Check if "g" flag is enabled

THEEN "g" ;True, send "g" Command

AND P5=0 ;Disable "g" flag

ELSE ;

ELSE I14=0 ;

AND IF P5>0 ;

THEN "g" ;

AND P5=0 ;

ELSE ;

END ;End of PLC program
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EXAMPLE #41

HANDWHEEL PROFILE GENERATOR:

This program uses the X handwheel as input time base;‘ the. Y
handwheel could also be used as input time base by changing il6

to two. Note that i27 is set to five and i47 to 32768, based on
this formula :

5 counts/msec = 32768%127/i47
See % Command in SMCC Manual for detailed explanation.

Note that for non-parabolic SMCC, i47 cannot be used and the
formula is now:

4.997 counts/msec = 32768/6554

when 127 1is chosen to be 6554. Other than the small error this
creates, operation is identical.

The purpose of this program is to generate an arbitrary motion
profile on a motor shaft (the X axis), which is based on the
handwheel encoder counts. In this particular example, the
relationship between the handwheel encoder and the motor position
is as follow:

a) Handwheel moves from 0 to 30 counts - X axis does not move

b) Handwheel moves from 30 to 70 counts - X axis moves 150 out
and back

c) Handwheel moves from 70 to 300 counts - X axis moves 250 out
and back

d) Handwheel moves from 300 to 615 counts - X axis does not
move

e) Cycle repeats

Please note that the cycle will run in one direction only, if
handwheel reverses the motor will not reverse direction.

A0z50 ;Clear buffer, reserve 50 lines
FORO ;Start forever loop
tl ;Set accel/decel time to 1 msec

;Keep accel time as small as possible

;in order to minimize path distortion due
;Lo accel time.

T6 ;Set move time of 6 msec (6m sec X 5 counts = 30
;counts of X handwheel)

Uo ;Don’t move motor

T7 ;Set move time to 7 msec (35 counts of X
;handwheel)

U150 ;Incrementally move motor to 150

U-150 ;Incrementally move motor back to 0

T20 ;Set move time to 20 msec (100 counts of X
;handwheel)

U250 ;Incrementally move motor to 250
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U-250 sIncrementally move motor back to 0
T63 ;Set move time to 63 msec (315 counts of X
;handwheel) .
uo ;Don’t move motor
NEXT ;End of loop, return to top of program
1275 ;Set parameters as required
14732768 ;
1483 ;
i163 ;
END ;End of program

EXAMPLE #42

DETECT MARK AND CUT:

The "Detect Mark and Cut" program is designed to cut on-the-fly
on a marker that is on the material to be cut. The material is
continuously advancing, while the knife travels back and forth.
Upon detection of the photocell, the knife begins to move,
matches velocity with the material, and is positioned precisely
on the marker. An offset from the marker can also be easily
handled. The knife is then triggered to cut and upon completion,
a retrace motion is started which brings the knife to its rest
position and ready to be retriggered. The rest position must be
repeatable and can be the "Home" position (see attached sketch).
Some of the working details are as follows:

When photocell is received, adjust 112 or t (latter, preferred)
to cause X axis to move so when it matches speeds with Y it has
the cutter exactly on the photocell trigger point which has also

been moving. Or, 1if preferred, adjust DP by moving the
photocell.

e f maximum of sync encoder for operation at maximum speed.
will be 20,000 counts/second maximum, then choose i27=20 and
147=32768, then [127 x (32768/147)] = 20 counts/milliseconds.
NOTE THAT THIS MAXIMUM RATE OF 20,000 COUNTS/SECOND MUST NEVER BE
EXCEEDED. Exceeding this maximum frequency results in the %
value rolling over and causing the feedrate to drop to zero.

The 20 counts/milliseconds referred to here 1is slightly
inaccurate since the 20 counts occur in a "binary millisecond",

which 1s approximately 976 microseconds, or one SMCC servo cycle.
However, since this value of 20 is used in conjunction with "T"

or "t", which are also in "binary milliseconds”, positioning 1is
accurate.

Then, if DP = 500 encoder counts on X axis, DP = il12 + /2 =
DP lines/20 = 500/20 = 25 msec.

This could be too small, use bigger DP so there is enough time.
I£ 112 = 60 and t = 140, then DP is 130/20 = 65 msec. then 65 x
20 = 1300 encoder counts in Y. 0
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Now we try to write a program as follows:

NOTE: Figures inside square brackets cannot be entered as
written. The calculations should be done in another way
(e.g. P parameter calculations).

11260 ;Set 112 to 60 (could be as small as 20).
;112 is the SMCC’s "Move Calculation
;Time".

AQz ;Address and clear buffer

HOM ;Do a homing function to establish the
;accurate rest position of the knife.

FOR 0 ;Start loop

t140 ;Set accel/decel time to approximately

;140 msec. (140 x 1000/1024) =
;136.72 milliseconds.

T[(DM1/127)x(X/Y) ] ;This is a time for the move, calculated
;so0 that when X (the belt) moves, it will

;smatch velocity with the part coming in.
;T must be at least equal to or longer
sthan t, and X/Y is the ratio of encoder
;counts per inch for X and Y
;respectively.

;DM1 can be as large as desired, the
;greater it is, the longer the wait time
;while maintaining matched speed.

SET 01 ;Turn on the cutter, solenoid, or other
;device.

T[(DM2/127)x(X/Y) ] ;Continue to maintain matched speed

U [ (DM2)] ;while the cut is occurring. Make sure
;T is large enough for the cut to occur.

RES 01 ;Turn off the cutter.

TI(DM3/127)x(X/Y) ] ;Allow time for things to settle and
;cutter to disengage.

U [(DM3) ] ;

T 500 ;Allow 1/2 second (or as needed) to do

X0 ;the retrace time. Note that you use
;absolute positioning to return to zero,
;which 1s the home or rest position.

STO ;Stop the program and wait for next
;photocell pulse (Run Command) .

NEX ;Repeat the loop

END ;End of program

Please note that since the photocell is used to trigger the
SMCC’s "Run" input, there is an inherent timing error due to the
SMCC’s response time to the trigger, which is in the order of
about three milliseconds. There will therefore be a +/-1.5
milliseconds of error in the cut. If "y© velocity is known, this
can be translated into a distance error.
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Also, if the "Y" material speed will be changed often as the
cutting process is taking place, it is recommended that the SMCC
with parable option be used in order to minimize errors due to
the following error since it provides velocity and acceleration
feedforward terms.

In the above example, the cycle repeats but has a "rest" period
and is retriggered each time. This means that small errors in
the timing (choosing 127 and i47]) will not accumulate. However,
if we consider a problem which is similar but different, that of
continuously cutting a given length without stopping and without
retriggering on a mark, which is an "on-the-fly" cutting of a
length, it then becomes very important to have an exact (non-
fractional) count per millisecond time base derived from the
handwheel encoder. In this example, we had chosen 20
counts/millisecond, using 127 and i47, since the Parabolic SMCC
allows the use of both these parameters to derive the time base.
In the Standard SMCC, more care has to be exercised, since only
127 can be used and it is therefore more difficult to come up
with "whole numbers" for the time base. See "% Feedrate Chart"®
for details. The Standard SMCC also does not support the il2
(calculation time) parameter, so as a result there is a variable
time of 8 to 12 msec. which causes some inaccuracy in the cut.

To program the "on-the-fly" cutting, it is simply necessary to
write the program so that the total time "T" of the synchronous
and retrace moves represents the move distance of the material to
be cut. (Total time T) x 20 counts/msec. = (size of the cut),
where (total time T) is the sum of the "synchronous time T", when
the knife is following the web and the "retrace time T" when the
knife is going back to its zero position.

An "on-the-fly" program would be as follows:

AQz
FOR O ;Start a loop forever
T1000 ;The "Synchronous Time T" here

;1s a one second move time
;which translates to a distance of
;1000 x 20 = 20,000 encoder counts for the
;material to be cut.

X2000 ;This move must be long enough to allow
;full speed (synchronous speed) to be
;reached. Additional small moves may be made
;in order to let the system stabilize and
;activate the knife.

T500 ;"Retrace Time", can be made large or small

;to change the length of the material to be cut.
X0 ;Return to zero position
NEX ;Return to loop
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EXAMPLE #43

SMCC AS VOLTMETER: .

The voltage displayed on the screen consists of three digits; the
first digit represents volts, the second digit represents 1/10 of
a volt, and the third digit represents 1/100 of a volt. The
readings will be displayed on the CRT screen each time that a
change of greater than 110 mV is detected. Set Pl=1 to start the
display. For example: 492 is 4.92V, 12 is 0.12Vv, and 5 is 0.05V.

A0z100 ;Address card, clear buffer
I621 ;Enable PLC

RESP ;Reset all P parameters
SETCl16=£fe90 ;Address of Anal input, using

;Parabolic SMCC. See memory map
;for other addresses.

SETP4=100 ;Scale factor

SETP6=51 ;1v=51

SETP3=1 ;

SETP8=6 ;6=110mV, sets display trigger
;range

SETP10=1 :Used to display once only

END ;End of program

AQPURGE ;Clear existing PLC programs

IFP1<1 ;This flag causes PLC to look

ANDP1>-1 ;at the address of Anal input.

THENP2=C1l6 ;Store Anal input value in P2, ONE
;BYTE VALUE. Data is converted
;from binary to decimal. If two
;bytes must be read, then use Cl6,2.

ANDIFP3>0 ;Check calculation flag

THENPS5=(P2*P4/P6) ;Voltage scale

ANDPT=(P2+P8) ;Tolerance +110mVv

ANDPSG=(P7-P8) ;Tolerance -110mv

ANDP3=0 ;Reset calculation flag

ANDP10=1 ;Set screen output flag

ANDTO=5 ;Set time delay for screen output

ELSEIEFP2>(P7) ;Monitor Anal input voltage

ORP2<(P9) ;

THENP3=1 ;Set calculation flag

ELSEIFTO=0 ;Check time delay to print

ANDP10>0 ;the voltage value of Anal input.

THENP10=0 ;Reset screen output flag

AND"PS" ;Send "P5" which is the calculated
;value to the screen.

=ZND ;End of PLC
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EXAMPLE #44
. MULTIPLE SMCC SEQUENCING METHOD:

AAg ;It is sometimes necessary to have several
; SMCCs functioning together in a manner
;that allows various tasks to be sequenced
;from 1 card to the next. The method
;chosen for passing sequencing information
;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 1l'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.

M02=0 ;Clear all outputs

M03=0

M04=0

M05=0

11240 ;Set servo calculation time to 40 mse C
2100 ;Clear buffer

AQGOS01 ;Start card 0
AAFOR0O ;Start loop
G0S20 ;Wait for Start Command
AODWE19 ;Action for card 0
. GOs01 ;Start card 1
A1DWE20 ;Action for card 1
GOSs02 ;Start card 2
A2DWE21 ;Action for card 2

GOSO00 :Start card 0
AANEXT ;End of loop

END ;End of the program
L0OO ;Start card A0
GOsS1e ;Wait for all lines to be 1
SETO02 ;Turn on Output 2
SET03 ;Turn on OQutput 3
SETO04 ;Turn on Output 4
SETO0S ;Turn on Qutput 5
DWE25 ;Wait 25 msec

RESQ02 ;Turn off OQutput 2
RESO3 ;Turn off Output 3
RES04 ;Turn off Output 4
RESOS ;Turn off Output 5
RET ;Return, end of subroutine
LO1 ;Start card Al
GOS16

SETO3

SETO04

SETO05

DWE25

RESO3
RES04
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RES05

RET

L02 ;Start card A2 0

GOS16

SETO02

SET04

SETO0S

DWE25

RESQ02

RESO04

RESO05

RET

L16GOT21IF04*15 ;Wait for all lines to be 1

DWE20 ;Wait 20 msec

GOT16 ;Go back to L16

L20CAS04, 16L ;Wait for start code
;The "Case" Command is looking at
;Address 4 which is the location of
;the inputs, see memory map
;The input code that makes this
;card do something is "0", which
;makes the card execute the L21
;routine (a simple return in this
;case) .

AQGOT21 ;Card A0, 15 code "0O", go to L21

DWE20 ; 14 wait 20 msec

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

DWEZ20 ; 8 wait 20 msec

DWE20 H 7 wait 20 msec

DWEZ20 ; 6 wait 20 msec

DWEZ20 ; 5 wait 20 msec

DWE20 H 4 wait 20 msec

DWE20 ; 3 wait 20 msec

DWE20 ; 2 wait 20 msec

DWE20 H 1 wait 20 msec

DWEZ20 ; 0 wait 20 msec

AIDWE?20 ;Card Al, 15 wait 20 msec

GOT21 ; 14 code "1", go to L21

DWEZ20 ; 13 wait 20 msec

DWE20 ; 12 wait 20 msec

DWE20 H 11 wait 20 msec

DWEZ20 ; 10 wait 20 msec

DWE20 ; 9 wailt 20 msec

DWEZ20 ; 8 wait 20 msec

DWE?20 ; 7 wait 20 msec

DWEZ20 ; 6 wait 20 msec

DWE20 ; 5 wait 20 msec

DWEZ20 ; 4 wait 20 msec

DWEZ20 ; 3 wailt 20 msec

DWE20 H 2 wait 20 msec

DWE20 ; 1 wait 20 msec
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DWE20 ; 0 wait 20 msec
A2DWEZ20 H 15 wait 20 msec
DWEZ20 ; 14 wait 20 msec
GOTZ21 ; 13 code "2", go to L21
DWEZ20 ; 12 wait 20 msec
DWE20 ; 11 wait 20 msec
DWE20 ; 10 wait 20 msec
DWEZ20 ; 9 wait 20 msec
DWE20 ; 8 wait 20 msec
DWE20 ; 7 wait 20 msec
DWE20 ; 6 walt 20 msec
DWEZ20 ; 5 wait 20 msec
DWE20 ; 4 wait 20 msec
DWE20 ; 3 wait 20 msec
DWE20 ; 2 wait 20 msec
DWE20 ; 1 wait 20 msec
DWEZ20 ; 0 wait 20 msec
AAGOT20 ;Go back to L

L21RET ;Return

EXAMPLE #45

BURR-BRROWN 2500, MDI MODE:

To use The BURR-BROWN terminal in MDI mode for the SMCC, it is
not necessary to write a program for the SMCC but only to program
the BURR-BROWN’s function keys as follows:

1) Assign "AOi" to the first function key.
2) Assign "F" to the second function key.
3) Assign "X" to the third function key.

4) Assign "Y" to the fourth function key.

The fifth and sixth function key may be programmed for other
simple functions such as "h" for homing, "p" for display
position, etc.

After successfully programming the function keys, then connect
the BURR-BROWN terminal to the SMCC. Now to enter the MDI mode,
push the "AOi" key, enter 021 to enable the MDI mode, and push
the enter key. Any of the 1 parameters can be entered or
displaved. Push the "F" key, enter the desired feedrate, and
push the enter key. To move the X motor, push the "X" key, enter
the desired position, and push the enter key. To move the Y
motor, push the "Y" key, enter the desired position, and push the
enter key. To move both X and Y motors, push the "X" key, enter
the desired position for X, push the "y" key, enter the desired
position for Y, and push the enter key. To disable the MDI mode,
push the "AQi" key, enter 020 to disable, and push the enter key.
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BURR-BROWN TM2500 TERMINAL CONNECTIONS @ -

TM 2500 3
RXD [ RXD
BURR-BROWN Txpl2 2] +v0 SMCC
TERMINAL GND g Z GND DB25SorpP | ACC3
DB9P DTR =1 RIS RS232 b
CTS CTS 10 SMCC
POWER GND - J2 CONNECTOR
—9—] 14 (RS232 PORT)
POWER INPUT o +3V* < INSTALL E26 TO GET
. +5V OUT FROM SMCC
J2
(RS232)
DBOP . DB25SorP
| )
N\
NOTE: USE TM 2500 MANUAL TO
PROGRAM SPECIAL FUNCTION S )
. KEYS AS NEEDED IN YOUR 5 .
o APPLICATION. EACH SPECIAL < ACC-3 >
g FUNCTION KEY CAN SEND ONE RS232 CABLE
TO THREE CHARACTERS. THE

E DISPLAY CAN RECEIVE AND ‘ SMCC

DISPLAY MESSAGES FROM SMCC.

1 > TM 2500 SET-UP FOR SMCC OPERATION
(Please refer to TM2500 Manual for set-up details)

SOME OF THE MAIN PARAMETERS ARE:
TM ——# 1 Block Mode
MA ———— 00
BR ——% 2 9600 Baud
DF ————>» 4 8 bits/No Parity
HS ———» (0 Block Mode
(BUR-BRWN) EN——® 3 CRLF
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EXAMPLE #46

BURR-BROWN 2500:

Please refer to BURR-BROWN 2500 Manual to program the function
keys on the BURR-BROWN terminal.

First connect the BURR-BROWN terminal to COM1 (RS232) of any PC,
then run any terminal software such as FREEWAY, ACE, etc.
Secondly, configure the PC and the BURR-BROWN terminal, so both
can communicate with each other, thirdly follow the BURR-BROWN
Manual on how to program the function keys. Assign "P2=" to the
first key, "P1=" to the second key, "RUN" to the third key, and
"Q0" to the fourth key.

After successfully programming the function keys, connect the
BURR-BROWN terminal to the SMCC. To enter the desired position
of the SMCC, push the first function key, enter the desired
distance, and push enter. To enter the desired speed of the
SMCC, push the second function key, enter the desired velocity,
and push enter. To run the program, push the third function key
and then push enter on the BURR-BROWN terminal. To stop the
program, push the fourth function key and then push enter.
Similarly, the fifth and sixth function keys may be programmed
for other single functions such as "h" for homing, "Z" for zero
setting position, etc. :

This program uses BURR-BROWN terminal to input the position and
the feedrate. Also, at the end of the move, the SMCC will send
the position of the motor to the BURR-BROWN terminal. Before

running this program, enter the position as the P2 variable and
feedrate as the Pl variable.

AQz100 ;Clear buffer

1621 ;Enable PLC

RESP ;Reset all variable parameters

HOM ;Do a home

DWE1024 ;Wait 1 second

FORO ;Begin loop

F(P1) ;Feedrate

X(P2) ;Move X to its destination

SETP3=1 ;Set send position flag

DWE1024 ;Walt 1 second

X0 ;Move X back to 0 position

DWE1024 ;Wait 1 second

NEXT ;End of loop

END ;End of program

AQPURGE ;Clear existing PLC programs

IFP3>0 ;Check if send position flag is set

ANDP3<2 ;This issues that the PLC sends the "p"
;only once per occurrence.

THEN"pP" ;True, display position

ANDP3=0 ;Reset send position flag

END ;End of PLC program
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EXAMPLE #47

GENERAL S-CURVE PROGRAM FOR 2-AXIS MOVES:

User must define maximum velocity and accel at start. Then, to
make a move, he simply must set Pl to the new X location, and P2
to the new Y location (this can be done during the previous
move) . When the "R" (Run Command) is sent, all of the move
parameters will be calculated, but the move will not occur until
a CONTROL-R is sent.

AQz200 ;Clear buffer, reserve 200 lines for
.;main program. This setting of
;parameters done in a subroutine

;that is only called when M63 = 0 -
;this should be first time only,
;because subroutine sets M63 = 1.

;User should make sure M63=0 before
;first run or whenever P14 or P15 is
;schanged; also, 112 should be set to 80
;Or greater whenever the subroutine is
;to be run -- the subroutine resets it
;to a lower value to speed

; subsequent moves.

i12 100 ;Non-buffered: allows large calc time

L.63 ;User sets these two values for a
;given system

SET P15=100000 ;Max velocity in cts/sec

SET P14=4000000 ;Peak accel in cts/sec"2

;Other P parameters are automatically
;computed during first run of program.
;P10 thru P15 should not be overwritten
;outside of this subroutine.

SET P13 1024 ;Accel time for 3-part move
SET P13 = (P13*P15/P14) ;In (1/1024 sec)
SET P11 = (P15*P15/P14) ;Accel/decel distance
SET P12 = (P1l1+P11) ;At both ends
SET P10 = 50 ;1/50 sec is min slew time
SET P10 = (P15/P10) ;Min slew distance
SET P12 = (P10+P12) ;Min 3-part move distance
SET P8 = 16 ;P1l0=16/9*Vmax"2/A max..
SET PS = 9 ;The minimum l-part move that
SET P10 = (P8*P11/P9) ;hits max velocity
;Define bits for program logic
C23 = a24b ;MSByte of P3
M23 = C23.7 ;MSBit (sign bit) of pP3
C24 = az24f ;MSByte of P4
M24 = C24.7 ;MSBit (sign bit) of P4
C27 = a25b ;MSByte of P7
M27 = C27.7 ;MSBit (sign bit) of P7
C29 = a263 ;MSByte of P9
M2S = (C29.7 ;MSBit (sign bit) of P9
CO08 = a25d ;2nd LSByte of P8 (dt"2)
C20 = febd ;Data storage bit is address
M20 = C20.5 : febd, bit 5
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SLEW 65535

CIRCLE4

SET 63

RET

GOSUB 63 IF (M63=0)

SET P3=AX

SET P4=AY

SET P3=(P1-P3)

GOTO +02 IF (M23=0)
SET P5=(-P3)

GOTO +01

SET P5=(P3)

SET P4=(P2-P4)

GOTO +02 IF (M24=0)
SET Po6=(-P4)

GOTO +01

SET P6=(P4)

SET P7=(P5-P6)

GOTO +02 IF (M27=0)

SET P8=(P6)
GOTO +01
SET P8=(P5)

SET P9=(PB8-P12)
GOTO +32 IF (M29=1)

PROGRAMMING EXAMPLES

sFor max change in rate

;Put into S-curve mode

;S0 won’t be called next time

;Main program starts with call to subroutine
;This will be executed each time Run
;Command given

;Present commanded X position

;Present commanded Y position

;Delta X move

;Jump 1f positive

sabs (delta X) = -delta X

;abs (delta X) = delta X
;Delta Y move

sJump 1if positive

;abs (delta Y) = -delta Y

;abs (delta Y) = delta Y
;abs(delta X) - abs(delta Y)
;Jump if X move longer
;Delta P = abs(delta Y)

;Delta P = abs(delta X)
;Compare to shortest 3-part
;Jump if short (l-part) move

This section computes the parameters for a three-part S-curve

move:

SET P9=1024

SET P9=(P8*P8/P15)
SET PS=(PS-P13)

SET PS=(PS-P13)
GOTO +06 IF (M27=0)
SET P7=(P3*P11/P6)
GOTO +02 IF (M24=0)
SET P8=(-P11)

GOTO +01

SET P8=(P11)

GOTO +05

SET P8=(P4*P11/P5)
GOTO +02 IF (M23=0)
SET P7=(-P11)

GOTO +01

SET P7=(P11)
SET P5=(P3-P7)
SET P5=(P5-P7)
SET P6=(P4-P8)
SET Pé=(P6-P8)
POT O

t (P13)

U(P7) V(P8)

;Slew time 1is total time
;minus accel time at each end

;Jump if X move is longer
;Scale X accel dist to Y move
;Jump 1f positive Y move

;Y accel dist, neg move

4

;Y accel dist, pos move

;Scale Y accel dist to X move
;Jump 1f positive X move
;X accel dist, neg move

;X accel dist, pos move

X slew dist is total dist
;minus dist at each end
;0itto for Y slew

;Now do the 3-part S-curve move

;Total move time is 4*P13 + P9 {(in
:1/1024 secs)

;To delay move until "R

;Accel time

;Accel distances
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£ (P9) ;Slew time

U(P5) V(P6) ;Slew distances

£t (P13) ;Decel time

U(P7) V(P8) ;Decel distances

DWELL 1 ;Make sure it finishes

GOTO +46 ;Done with move -- go to end

The following section does a one-part S-curve move:

SET P9 = (P8-P10) ;Compare to shortest max vel.

GOTO +03 IF (M29=1) ;Move: Jjump if shorter
;Longer l-part move: time set to hit max

, svelocity

SET P9 = 768 ;dt= 1024 * (3*Len)/ (4*Vmax)

SET P9 = (PS*PB8/P15)

GOTO +36 ;dJump to exec of l-part move
;Short 1l-part move: time set to reach
,Mmax accel
;The only tough thing is to determine
;the move time which is the square root
;of (distance/peak accel)

SET P9 = 1048576 ;102472

SET P8=(P8*P3/P14) ; (delta t)"2 in bin msec *2

SET P9 = 125 ;Safe value if lookup fails

CASE 08, 32B ;Find delta t by lookup

SET P9 = 16 ;C08=0: dt"2 < 256

SET P9 = 22 ;C08=1: dt"2 < 512

SET P9 = 27 ;C08=2: dt"2 < 768

SET P9 = 31 ;C08=3: dt~2 < 1024

SET P9 = 35 ;C08=4: dt"~2 < 1280

SET P9 = 39 ;C08=5: dt"~2 < 1536

SET PSS = 42 ;C08=6: dt~2 < 1792

SET P9 = 45 ;C08=7: dt"2 < 2048

SZT P9 = 48 ;C08=8: dt~2 < 2204

SET P9 = 50 ;C08=9: dt"2 < 2560

3ET P9 = 53 ;de"2 < 2816

SET P9 = 55 ;dt”2 < 3072

SET PY = 58 ;dt"~2 < 3328

SET P9 = 60 ;dt"2 < 3584

SET P9 = 62 ;dc”2 < 3840

SET P9 = 64 ;de”2 < 4096

SET P9 = 66 ;dt”2 < 4352

SET P9 = 68 ;dt”2 < 4608

SET PS = 70 ;dc"2 < 4864

SET P9 = 72 ;dt"2 < 5120

SET P9 = 74 ;dc”2 < 5376

SET P9 = 75 ;dt”2 < 5632

SET P9 = 77 ;dL~2 < 5888

SET P9 = 78 ;dt"2 < 6144

SET P9 = B0 ;dt”2 < 6400

SET P9 = 81 ;dt”2 < 6656

SET P9 = B3 ;dc”2 < 6912

SET P9 = 84 ;dt"2 < 7168

SET P9 = 86 ;A2 < 7424
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SET P9 = B89 ;dt”2 < 7936

SET P9 = 90 ;dt"2 < B192
sMore entries could be added here if
;necessary (e.g., for 1low acceleration
srelative to velocity)

POT O ;Don’t move until get "R

t (P9) ;Delta ¢t (1/3 total move time)

U(P3) V(P4) ;Incremental position moves

DWELL 1 ;Make sure it finishes

I12 38 ;Make sure calc time is right

END

EXAMPLE #48

TO READ VALUES FROM THUMBWHEEL BOARD (S)

This procedure allows the user to specify the address of the
least significant pair of thumbwheels (highest address) and the
number of thumbwheel pairs to comprise the value to be read. The
number must consist of pairs of thumbwheels. The procedure is
contained in subroutines and PLC so it can simply be added to a
user program. It uses parameters P5, P6, P7, P8, & P9; CO6, Cco9,
c10, & C21; M21 & M22.

Below is a very brief program to demonstrate thumbwheel decoding.

A0z40
PURGE

;Parameter definitions
SET Cl10=ffb8 sParallel port input address
SET C09=ffb9 ;Parallel port output address
SET C06=a254 ;LSByte of P6
SET C21=a3a7’ ;Empty memory location
SET M21=C21.0 ;Control bit to start read
ST M22=C21.1 ;Control bit to increment read
I12 40 ;Default -- shorter than delay
RESETP

;Get values from thumbwheels
SET P5=2 ;Address 2 is lowest digits
SET P6=3 ;3 pairs (6 digits) in value -
GOSUB 00 ; Thumbwheel value --> P7
SET Pl=(P7)
SET P5=¢6 ;Address 6 is lowest digits
SET P6=3 ;3 pairs (6 digits) in value
GOosuB 00 ; Thumbwheel value ~-> P7
SET P2=(P7)
£t256
F1024
X(PL)YY (P2) - ;Go to position on thumbwheels
END
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Main thumbwheel decoding routine:

L00

SET 21 ;Cause PLC to write base address o
;to parallel port output '

DWELL100 ;To make sure address takes...
;this must be 10 longer than i12

SET P7=0 ;To start

SET PO9=1 sMultiplier: 1’s digit to start

LO1

GOsSuUB 02 ;Read hi nibble (lo addr) -> PS8

SET P7=(P7+P8*P9) ;Add into value

SET P8=10 ;To get to next digit

SET P9=(P9*P8) ;P9 now set for next digit

GOSUB 03 ;Read lo nibble (hi addr) -> P8

SET P7=(P7+P8*P9) ;Add into value

SET P8=10 ;To get to next digit

SET PY9=(P9*P8) ;P9 now set for next digit

SET P6=P6-1 - ;To mark next pair of digits

GOTO +03 IF NOT 06 > 0 ;Jump if no more digits

SET 22 ;Cause PLC to decrement address
;at parallel port output

DWELL100 ;make sure new address takes...
;this must be 10 longer than i12

GOTO 01 ;Back to L0l for next pair

RET ;End of main subroutine

This subroutine decodes the value of the right-hand digit of a
pair of thumbwheels (high address) and returns the value in P8:

LO2

SET P8=0
CASE 10, 10H ;Digit value is in C10
SET P8=0
SET P8=1
SET P8=2
SET P8=3
SET P8=4
SET P8=5
SET P8=6
SET pPB8=7
SET P8=8
SET PB8=9
RET
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This subroutine decodes the value of the left-hand digit of a
pair of thumbwheels (low address) and returns the value in P8:

L03

SET P8=0
CASE 10, 10L ;Digit value is in C10
SET P8=0
SET P8=1
SET P8=2
SET P8=3
SET P8=4
SET P8=5
SET P8=6
SET P8=7
SET P8=8
SET P8=9
RET

PLC routines are used to write to the parallel output port
because only they can do so parametrically.

IF M21=1 ;Start control bit set

THEN C09=(P5) ;Write base address to port
AND M21=0 ;Done; reset control bit

IF M22=1 ;Decrement control bit set
THEN P5=P5-1

AND CO09=(P5) ;Decrement address at port
AND M22=0 ;Done; reset contrcl bit
END

EXAMPLE #49

GLUE DISPENSING, THREE AXIS

This program demonstrates how to use two SMCCs to dispense glue
around the periphery of a part in such a way as to maintain the
third axis (Al), the "glue gun" orthogonal to the part’s contour.
Even though it is possible to take advantage of the SMCC’s PLC
"ATAN" arctangent calculation capability to generate the third
axis movements automatically, this program instead uses direct
programming for the third axis and demonstrates how three axes
may be coordinated via a simple program. Please note that even
though not shown, it is possible to use the fourth axis (Y on
Al), as a simple D/A converter which generates a voltage based on
the actual feedrates and where the same output voltage can be
used to control the glue’s flow rate.

AAz100 ;Address all cards & reserves
;100 buffer lines
F1024 ;Feedrate, 100 % of i06
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t30
HOME
X10.00 Y10.00

AQ0X=-1.00
Y=-1.00
AlX=0
AASTOP

FORO
T689
A0X0YO
Al1XO0
AASETO1
DWE20

LIN

T805

A1X0
AQ0X2.75Y0
RX=0.67
RY=0.67

CIRO

AAT313
Al1X-91.2
AQ0X3.42Y-0.68
RX=2.39
RY=2.39

CIR3

AAT3449
A1X191.4
AOX5.34Y1.61
RX=13.1
RY=13.1

CIRO

AATT761
A1X180.0
AQX2.75Y1.35
LIN

AATBO05
A1X180.0
AOX0Y1.35
AARESO1
DWEZ20

T689

Al1XO0

AOX-1.00Y-1.00
AASTOP

AANEXT
END

PROGRAMMING EXAMPLES

;Acc/dec time

;Homing, set i04,125[145] & 1i26[146)
;to suit

;Axis move to wait position,

;issue "RUN" Command to continue
;Set position for X & Y

;Set position for Z (glue gun axis).
;Wait until "RUN" Command is
;issued

;Begin loop

;Time to move

sMove X & Y to corner of part

;2 wait, no move

;Turn on glue,use MOl output
;Wait for 20 msec, this forces a stop
;Adjust dwell so glue starts
;flowing at the right place
;Linear mode

;Time to move

;2 wait,no move

;Move X to point # 1

;X radius of the arc

;Y radius of the arc

;Circular mode (angle<=180),CW
;Time to move

;Rotate glue head to -91.2 degrees
;Arc move to point #2

;X radius of the circle

;Y radius of the circle

;Circular mode (angle >180),CCwW
;Time to move

;Rotate glue head 191.4 degrees
:3/4 of circle move to point 3
;X radius of the arc

;Y radius of the arc

;Circular mode (angle<=180),CwW
;Time to move

;Rotate glue head 180 degrees
;Arc move to point #4

;Linear mode

;Time to move

;Wait, don’t rotate glue head
;Move X to point #5

;Turn off glue (MOl off)

;Wait for 20 msec, adjust to suit
;Time to move

;Rotate glue head back to original
;position

sMove X & Y back to wait position
;Wait until "RUN" Command is
;issued

;BEnd of loop

;End of program

;Assuming 10,000 counts per inch
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AAPURGE

IF M15=1
THEN IF P1=0
THEN"R"

AND P1l=1
ELSE

ELSE P1=0

END

PROGRAMMING

;on A0 X & Y axis and 2,000 counts
;per 360 degrees glue gun rotation
;Scale factors are set as follows:
;AQ0 is 13810000:10000.4 & 15810000
;:10000.4

Al is 1382000:3600.1, change to
;suit

;Limit & Home switches must be
;installed & wired

;Clear all existing PLC program
;Check if M15 switch is toggled
;Check if send flag is set

;If true, send "RUN" Command
;Reset send flag

;Switch isn’t toggled, set send
;flag

;End of PLC program

;This PLC program can be used to
;provide a remote "Run" trigger

; for the machine.

;To implement, connect the M15
;input, (JMach. C28) on both card
;A0 & Al to the switch.

;When switch is grounded, both cards

;will start running.
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E - POINT (JUMPER) DESCRIPTIONS
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E-POINTS, TEST POINTS, AND ADDRESS SELECTIONS.

E-POINT AND TEST-POINT DIAGRAM

308

E-POINT (JUMPER)
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E~-POINT (JUMPER)
DESCRIPTIONS

AR SRS AR EEEE RS R Ry R i I I ImMmT I T T T T T T

SMCC E POINTS, TEST POINTS, AND ADDRESS SELECTIONS
(EARDWARE CONFIGURATION)

*****t************ti*****ttt*ttttt********t*k*t**t*ﬁti*******t**t

E | PHYSICAL | | |
POINT | LAYOUT | LOC. | DESCRIPTION | DEFAULT
El 2 1 D-8 JUMP Pin 1 to Pin 2 to in- Junper
*x % crease gain of phase 1 out- installed
put. No short is +/-5 wvolts +/-10
out, short is +/-10 volts volts out
out. See E9 also. Normally
used at +/-10 volts out for
single ended output and +/-5
volts out when output is used
differentially.
E2 1 2 D-6 JUMP Pin 1 to Pin 2 for Jumper
* % Sync/Out (use on AQ card installed
only.) Note that if E2-1,2 Card 1is
is installed, E3-1,2 must set up
be removed. as AO0.
£3 1 2 D-5 JUMP Pin 1 to Pin 2 for No jumper
* % input sync (use on all (open)
cards other than AQ).
Also see E2.
4 321 D-4 JUMP 1 to 2 to allow input No Jumper
oK% bit from JEXP (J8 Pin 15) (open)
to be read by CPU. JUMP
2 to 3 to allow "servo 2"
to go to JEXP (J8 Pin 15)
to be used for R/D conver-
sion.
ES NOT USED
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E-POINT (JUMPER)
DESCRIPTIONS

E
POINT

PHYSICAL
LAYOUT

E7

W * *

2% ok N

JUMP Pin 1 to Pin 2. With
jumper installed, EA/

(Pin 51) of CPU is
grounded, which causes the
CPU to use external memory.
Otherwise, EA/ (Pin 51) is
pulled up to +5 volts, CPU
then uses .internal memory
only.

JUMP 1 to 2 to allow RXD/
as output J2 Pin all
(J PAR-RS232)

JUMP 3 to 4 to allow TXD/
as input J2 Pin al?
(J PAR-RS5232)

JUMP 1 to 3 to allow RXD/
as input J2 Pin al2
(J PAR-RS232)

JUMP 2 to 4 to allow TXD/
as output J2 Pin al2
(J PAR-RS232)

E7 is used to in effect
swap pins 2 and 3 on a
standard RS232 connector

to accommodate various host
configurations as Data Set
or Date Terminal. Also

see EB8.
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No Jumper
(open)

1-2 Jumper
installed

3-4 Jumper
installed

RXD/ 1is
output

TXD/ 1is
input




E-POINT (JUMPER)

DESCRIPTIONS
E | PHYSICAL | !
POINT | LAYOUT | LOC. | DESCRIPTION | DEFAULT
E8 12 D-3 JUMP 1 to 2 to allow RTS to 1-2 Jumper
® % be output, J2 pin a9 installed
* % (J PAR-RS232)
3 4

JUMP 3 to 4 to allow CTS to 3-4 Jumper
be input, J2 pin alo0 installed
(J PAR-RS232)

JUMP 1 to 3 to allow RTS to RTS is
be input, J2 PIN a9 output
(J PAR-RS232)

JUMP 2 to 4 to allow CTS to CTS 1is
be output, J2 PIN al0 input
(J PAR-RS232)

Use E8 in conjunction with
E7 for proper configuration.

ES 1 2 c-7 JUMP Pin 1 to Pin 2 to Jumper
* % increase gain of Phase 3 installed
(See E1) +/-10
volts out
E10 NOT USED
E1ll *1 C-6 JUMP Pin 1 to Pin 2 to No Jjumper
allow -14 VA to come from (open)
*2 J11 (JPWR) (Ties Amplifier

and SMCC power supply to-
gether. Defeats OPTO coup-
ling).

Note that if Ell is changed, No jumper
E15 and E24 must also be
changed.
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E~-POINT
DESCRIPTIONS

(JUMPER)

PHYSICAL
LAYQOUT

E13

El4

E15

*1
*2

JUMP Pin 2 to Pin
Ul7 (Pin 26) SRAM
(Pin 26) EAROM to
for BKX8 parts.

JUMP Pin 1 to Pin
Ul7 (Pin 26) SRaM
(Pin 26) EAROM to
for 32KX8 parts.

When short removed from 1 & 2

3 to allow
and U1l7A
input +5V.

2 to allow
and Ul7a
input Al3

and placed on 2 and 3,
provides X axis unipolar
analog error output with
direction bit on BSINX at

J1C18.

JUMP Pin 1 to Pin
AMPENA/signal
JUMP Pin 2 to Pin
AMPENA/signal

JUMP Pin 1 to Pin

analog GND to come from J PWR
(Ties amplifier and
SMCC GND together.

CONN J11

OPTO coupling.)

(See E18 for Y axis.)

2 to allow

(low true)

3 to allow

(High true)

2 to allow

Defeats

Note that if E15 is changed,
Ell and E24 must also be changed.

NOT USED

NOT USED
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2-3 Jumper
installed
card is
configured
for B8KXS8
parts.

1-2 Jumper
installed

1-2 Jumper
installed

No Jjumper
(open)




LAYOUT

E-POINT (JUMPER)
DESCRIPTIONS

1-2 installed

E1l9

E20

Q]
N
()

23

]

* N

% N

6*
5*
4*

*

-

= N

*1
*2
*3

%

When short removed from 1-2
and placed on 2-3, provides Y
axis unipolar error output
with direction bit on BSINY
at J1Al18. (See E13 for X axis)

X axis selects the SIP Polar-
ity. I2T polarity selector
open = positive input
shorted = negative input

Y axis selects the SIP Polar-
ity. I2T polarity selector
open = positive input
shorted = negative input

JUMP Pin 1 to Pin 6 to send
optically isolated BMOl to
JMACH (J1) & JPWR (J11)

JUMP Pin 2 to Pin 5 to send
optically isolated BIPOS/ to
go to JMACH (J1) & JPWR (J11l)

JUMP Pin 3 to Pin 4 to send
optically isolated BIPOS to
go to JMACH (J1) & JPWR (J11)

When installed, allows soft
following error (il10) to
also drive the Following
error output, FEOP/ (J1-3)

JUMP Pin 2 to Pin 3 to allow
phasing without hall effects.

JUMP Pin 1 to 2 to phase with
hall effects.

313

No jumper
installed
positive
polarity

No jumper
installed
positive
polarity

2-5 Fjumper
installed
IPOS/output

No jumper
installed.
Only 100
drives the
FEOP/
output.

2-3 jumper
installed




E-

POINT (JUMPER)
DESCRIPTIONS

E25

1
N
(o))

£E27

9

[N

w
i

Q]
£
O

&)

PHYSICAL |
LAYOUT | LOC.
*2 A-5
*1
321 A-3
* * &
*1 A-3
*2
*3 A-1
*2
*1
39
2 1 C-6

JUMP Pin 1 to Pin 2 to allow
+14 VA to come from JPWR
CONN. J11 (Ties Amplifier and
SMCC power supply together.
Defeats OPTO-coupling) .

Note that if E24 is changed,
Ell and E15 must also be
changed.

JUMP Pin 1 to Pin 2 to obtain
+5V to top of P01, R17 (5K)
for VEE of LCD display’s
positive bias.

JUMP Pin 3 to Pin 2 to obtain
-5V to top of P01, R17 (5K)
for VEE of LCD display’s
negative bias.

JUMP Pin 1 to Pin 2 to allow
+5V to go to J2 Pin a20 & cl13
(JPAR-RS232) CONN.

JUMP Pin 1 to Pin 2 to
connect A5 to R/W displays &
JPAR/RS232.

NOT USED

JUMP Pin 1 to Pin 2 to obtain
normal X encoder operation.
Remove Jumper for digital
tach (1/T). X encoder
operation.

314

No jumper
(open)

1-2 jumper
installed
(positive
bias)

No jumper
installed

2-3
installed

1-2
installed
(X encoder
not 1/T)



E-POINT
DESCRIPTIONS

(JUMPER)

I

. | DEFAULT .

E42

E43
E44

E45

[43]
£
(o)

47

&3

£48

PHYSICAL |
LAYOUT | LOC
12 c-6
* %

*1 A-6
*2

*3

*1 B-3
*2

*3

*1 A-3
«2

"3

2 1 B-3
*1 B-1
“2

Same as E40, but for Y axis.

JUMP Pin 1 to Pin 2 to obtain
differential X position
encoder input mode.

JUMP Pin 2 to Pin 3 to obtain
non-differential X encoder
input mode, this will bias

X encoder negative inputs

To 1/2 VCC = 2.5 V.

(See E50)

NOT USED
NOT USED

JUMP Pin 1 to Pin 2 to obtain
differential X handwheel
input mode.

JUMP Pin 2 to Pin 3 to obtain
non-differential X handwheel
input mode, this will bias
X-HW negative inputs to

1/2 VvCC = 2.5V

Same as E45,
handwheel.

but for vy

Jumper Pin 1 to Pin 2 to tie
X-handwheel and Y-handwheel
together for input from a
front panel at J7-16 for
Chan. A.

(Same as E48 for Channel B)

Jumper Pin 1 to Pin 2 to tie
X-handwheel and Y-handwheel
together for input from a
front panel at J7-22 for
Chan. B.
Note:

changed for proper operation.

315

1-2
installed
(Y encoder
not 1/T)

2-3
(X encoder
non-diff.)

2-3
(X - HW enc
non-diff.)

2-3
(Y - HW Enc
non-diff.)

No
jumper

No
jumper

(Same as E47 for Chan. A.)
Both E47 and E48 must be




E-POINT (JUMPER)

DESCRIPTIONS
E | PHYSICAL | | |
POINT | LAYOUT | LOC. | DESCRIPTION | DEFAULT
E49 NOT USED
E50 *3 A-T7 JUMP Pin 1 to Pin 2 to 2-3
*2 obtain differential Y
*1 Position encoder input
mode. (See E42)
TP1 D-7 Watchdog timer test point,
Low = 0.K. High = watchdog
Timer time out, SMCC not
functioning.
TP2 D-6 12 MHZ Clock
TP3 B-7 YENCA TP (Y ENCODER CHANNEL A TP)
TP4 B-6 XENCB TP (X ENCODER CHANNEL B TP)
TPS5 B-6 XENCA TP (X ENCODER CHANNEL A TP)
TP 6 A-7 YENCB TP (Y ENCODER CHANNEL B TP)
. , TP7 A-6 YENCC TP (Y ENCODER CHANNEL C TP
TP8 A-8 PHASE 1 TP = X AXIS COMMAND SIGNAL
or X AXIS PHASE 1 SIGNAL
TPS A-8 PHASE 3 TP = Y AXIS COMMAND SIGNAL
or X AXIS PHASE 3 SIGNAL
TP10 A-6 XENCC TP (X ENCODER CHANNEL C TP)
TP11 A-5 INIT/ RESET INPUT TP,
LOW = RESET CONDITION
HIGH= NON-RESET CONDITION

m:smcc-ep 316 5/18/89




&
0,
o
e ()

o, n
Lx_ M F .:{:uuumw_ﬂ.xnﬁuwﬂﬂo%_u@\
| &n \ :u:m_ _ 31vs DNIMVUEG 3IVIS 10N 00 NOH¥YDITddY
M:mﬁ w\@_mwwtc “ON !uuuT_Mw S UL .|\||.6n-:.. - L Sv Hdl 2w
-4 - ) LILEEILN] ®< O_QH l 14
m.%..q/:oa Lm uh st ol q,uﬁ Sy &di Ot _ 3
NV SINIOd =3 2OWS |Tom — w« waw om . uw.,mu,wmz_m WWMM
10wy sremre norioves d g o \
swusis e Y1 ¥1130 & _ PR W b v 9dL /¢ |-
ON 19V YINDD GUHI168 45 mueni0 §52 00 Ly nmﬂ.— muﬂ uzm ZO_H UZD.&
1511 S1Hvd WM vdl C¢
‘ ®OUVINIRAE 5043 419 35 10 WO ‘O ONis stiw B ow | oo ﬂQh t+¢
h Ivieilve h AUNIYIDN INOK h w0 buva N!y- 410 M mo NQ'— m:m ‘hr 0|—f & \O\Oulm O%
40 IR 000 VEE
3 ;
bt L ¢ [ € T % T ¢ 1§ [ 7 | 8 ] . 208 o) _90¢
. d@.m N €8 2v3 ¢z | 1]0]0[3Tveve
var § - L.Jtn._wwa- D:n..u“ w<..,w MM Sv3 gr @ f_s Ll QOth
_ "t e E— 5v3 L7 | 00re
< & [ ) EH-N o _ _ & @ MFII . . 4 v Jy 2v3 92 @o O O~ DO@T
vir m 1_ _ ﬁ :_ ﬁ'ﬂ) & " ; B 20 b3 62 @ . ‘
QL. : -..wwuuﬁrl i r 90 Ov3 pe O A.V Q OO@@
=) “a MU,.. HI. @ <1} Iv (¢33 &2 Juluiuw
] .@ m [~ = (4R L @ 1 — ¢y 523 27 N nM, anvg
E Dm 10 nﬂw L T M( mmu O«W
< CL ey ket v res
L L .ENJELID —n " “ g €23 Gl th HCI ﬂ‘
h;l—wu Lo_J it . L) 5t : :* - _
9 L M 5l e “ 9 59 ee3 e IOl v =
) :Wu;w K ¢ =2 g re3 o Lo ¢ -
T B
~ G LR LG ; Gl G - e 53 v 1O LT T
M o b g G e ﬂ 29 sz e [11G[0| ol
= i I P13 21 (T
. 33 a3 [HO__ 6
9 N A %) 213 ol HOIMIO g
L H = 83 M3 6 J oﬂ\_. _l /
s & D 63 9 et BN DA
ﬂu s n m Hn_u N - ﬁ.O mw '/ O in!, A“ & @
| | O L g n 3 53¢ [BHBl—S
P 1 g 47 4 ) G ol SO Bhwely R
O oS IE=SdrErs s Y=
I S S al =; uaﬂ“w e €3 ¢ O @ e e
d Ay G rluuG qa 90 23 2 OO0 [
a5 i R 70 SR (o N
L e eseedo UG LN e U L _HONLYOOT|TNIOG 3 |99e0L 0 -
] 2 | ¢ | ] G | 1 Z1E1E1E] T ayvn
_ (N3dO 0oL HSNd) 3507201 HSNY)
83ADUSIY aive LTI Y AW gwo 5 _ql 0O="7=z meCJ\w -
SNOISIAIY ' _

‘oN .u;a—




J1l
J2
J5
J6é
J7
J8
J3S
J10
J11

Jl2

(JMACH) .

(JPAR-RS232) .

(JDISPX) .
(JDISPY) .
(JPAN)
(JEXP)

(JXHW)

SMCC CONNECTORS LISTING

TABLE OF CONTENTS

(POWER CONNECTOR) .

(JYHW)

(JOPT)

LIST OF MATING CONNECTORS.
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CONNECTORS LISTING

t********t*tt*t******tt*tt*t*tt*tt*tttt*ttt*i*tittt*t*ti*tt*iti*k

SMCC CONNECTORS LISTING

********t*i*t***t***ii*titttttt*kttttti***ttt*****t*tt**tt**i**tt

J1 (JMACH) Connector (96 Pin DIN Connector)
PIN #} SYMBOL | FUNCTION | DESCRIPTION | NOTES
Row "A"
Al ANA3 INPUT ANALOG INPUT 3 {Could be used
{as analog speed
{command. Use 0
{to +5V for 0 to
A2 AVSS INPUT ANALOG RETURN {full scale.
A3 CUR1 INPUT CURRENT 1 FEEDBACK Current limiting
A4 YPLL INPUT Y AXIS + LIMIT SW. Low enables the move.
AS YMIL INPUT Y AXIS - LIMIT SW. Low enables the move.
AG PL5V I oro +5VDC POWER SUPPLY Could be used as
input to card or
output to encoders.
A7 GRND I or O +5 VDC RETURN Logic GND
A8 GRND I or © +5 VDC RETURN Logic GND
A9 SPAR SPARE
AlQ YUFL/ INPUT Y AXIS USER FLAG Programmable polarity
All YHFL/ INPUT Y AXIS HOME FLAG Programmable polarity
Al2 CHCY/ INPUT ENCODER C CH. NEG Y axis (Do not
GND 1if not used)
Al3 CHCY INPUT ENCODER C CH. POS Y axis
Al4 CHBY/ INPUT ENCODER B CH. NEG Y axis (Do not
GND if not used)
A1S CHBY INPUT ENCODER B CH. POS Y axis
Al6 CHAY/ INPUT ENCODER A CH. NEG Y axis (Do not
GND if not used)
ALT CHAY INPUT ENCODER A CH. POS Y axis
~13 2SNY OUTPUT Y PWM SIGN Programmable level
AlS BPO4/ OUTPUT PWM 0OUT Nonbuffered pulse
PHASE 1, 2, 3, or 4
A20 BPOG6/ QUTPUT PWM OUT
AZ1 3IPO5/ QUTPUT PWM OUT
K22 SPAR SPARE
K23+ PHA3/ OUTPUT PHASE 3 RETURN {Analog differential
AZ4 PHAS OUTPUT PHASE 3 COMMAND {Signal Out Y axis
A25 M15Aa INPUT -15V SuUPPLY From power amplifier
A28 MAT7/ INPUT CHINE INPUT 7 Low 1s a True
n27 MAIB/ INPUT MACHINEZ INPUT &6 Low is a True
A28 MAIS/ INPUT MACHINE INPUT 5 Low is a True
A28 >15Aa INPUT +15 V SUPPLY From power amplifier
A30 AGND INPUT +/- 15V COMMON From power amplifier
A31 AENA OUTPUT AMPLIFIER ENABLE Programmable polarity
A32 TALT/ INPUT AMPLIFIER FAULT Low to A30 is Fault
*NOTE:

If PHAZ/ is not needed for Servo Amplifier,

AMP-common (AGND) .

319

do not tie to




E21 to the following:
aj In position for
b) In position for
c) MOl/ output "Low is true".

this card "Low is

320

CONNECTORS LISTING
J1 (JMACH) Connector (96 Pin DIN Connector)
PIN # SYMBOL | FUNCTION | DESCRIPTION NOTES
R.Ow "B“
Bl IPOP/ OUTPUT {see NOTE 1)
B2 FEOQP/ OUTPUT FOL.ERR OPTO.ISOLATED
B3 FERT OUTPUT ERROR RETURN Transistor Emitter
B4 IPRT QUTPUT IN POSITION RETURN Transistor Emitter
B5 SPAR SPARE
B6 PL5V INPUT +5 VDC POWER SUPPLY
B7 GRND INPUT 5 VvDC COMMON
B8 GRND INPUT 5 vDC COMMON
B9 M15V INPUT -15 V POWER SUPPLY Could be used to
B10 P15V INPUT +15 V POWER SUPPLY power ACCl4,
ACC1l5 boards if
connected to
SMCC
B1l1 F1LD/ OUTPUT FOLLOWING ERROR 1 Low lights LED
B12 F2LD/ QUTPUT FOLLOWING ERROR 2 Low lights LED
B13 ITLD/ OuUTPUT CURRENT LIMIT IND. Low lights LED
B14 SPAR SPARE
B15 ERLD/ OUTPUT ERROR INDICATOR Low lights LED
BR16 EPLD/ OUTPUT END OF PROGRAM IND. Low lights LED
B17 IPLD/ OUTPUT IN POSITION IND. Low lights LED
B18 BFLD/ QUTPUT BUFFER FULL IND. Low lights LED
BR19 INIT/ INPUT RESETS SMCC Low 1is a Reset
B20 SPAR SPARE
BR21 HWYD/ INPUT HANDWH. Y DISABLE Low disables
B22 HWXD/ INPUT HANDWH. X DISABLE Low disables
B23 HOME / INPUT GO HOME COMMAND Low is Go Home
824 HOLD/ INPUT HOLD MOTION Low is Hold
325 STEP/ INPUT STEP THROUGH PROGRAM Low is Step
BZ5 STOP/ INPUT STOP PROGRAM RUN Low is Stop
B27 PREJ/ INPUT RET. TO PREJOG POS. Low 1is Return
B28 STRT/ INPUT START PRORGRAM RUN Low 1s Start
B29 YJpPL/ INPUT JOG Y AXIS IN +DIR. Low is Jog Y+
B30 XJPL/ INPUT JOG X AXIS IN +DIR. Low is Jog X+
B31 YIMI/ INPUT JOG Y AXIS IN -DIR. Low is Jog Y-
B32 XIMI/ INPUT JOG X AXIS IN -DIR. Low 1is Jog X-
NOTZ 1: Optically isolated IPOP/ function could be changed by

True®™,

this card "High is true".



CONNECTORS LISTING

Jl (JMACH) Connector (86 Pin DIN Connector)

PIN § | SYMBOL | FUNCTION | DESCRIPTION NOTES 0 |
Row "C"
c1 ANA2 INPUT ANALOG INPUT 2 {Could be used as

{analog speed command.
{Use 0 to +5V for 0

c2 AVSS INPUT ANALOG RETURN {to full scale.

C3 CURO INPUT CURRENT 0 FEEDBACK Current Limiting

C4 XPLL _ INPUT . X AXIS + LIMIT SW. Low enables the move.
C5 XMIL INPUT X AXIS - LIMIT SW. Low enables the move.
o PLSV I or 0 +5 VDC POWER SUPPLY Could be used as

input to card or
output to encoders.

Cc7 GRND I or O +5 VDC RETURN Logic GND

C8 GRND I or O +5 VDC RETURN Logic GND

C9 SPAR SPARE

C10 XUFL/ INPUT X AXIS USER FLAG Programmable polarity
Cl1 XHFL/ INPUT X AXIS HOME FLAG Programmable polarity
Cilz CHCX/ INPUT ENCODER C CH. NEG X Axis (Do not GND

if not used)

C13 CHCX INPUT ENCODER C CH. POS X Axis

Cl4 CHBX/ INPUT ENCODER B CH. NEG X Axis (Do not GND
1f not used)

Cl5 CHBX INPUT ENCODER B CH. POS X Axis

Cle CHAX/ INPUT ENCODER A CH. NEG X Axis (Do not GND
if not used)

c1l7 CHAX INPUT ENCODER A CH. POQOS X Axis

Cc1l8 BSNX ouTPUT X PWM SIGN Programmable level

Cig BPO3/ OUTPUT PwM OUT Nonbuffered pulse

PHASE 1, 2, 3, or 4

cz20 BrPOZ2/ OUTPUT PWM OUT

C21i BPC1/ OUTPUT PWM 0OUT

Cc22 SPAR SPARE

C23* PHA1l/ OUTPUT PHASE 1 RETURN {Analog differential

C24 PHA1 OUTPUT PHASE 1 COMMAND {signal out X axis

cz25 M15A INPUT -15 V SUPPLY From power amplifier

C26 MAI7/ INPUT MACHINE INPUT 7 Low 1is a True

Cc27 MAI®/ INPUT MACHINE IN:UT 5 Low is a True

c28 MAIS/ INPUT MACHINE INPUT 5 Low 1is a True

C28 P15Aa INPUT +15 V SUPPLY From power amplifier

C30 AGND INPUT +/- 15 V COMMON From power amplifier

C31 AENA OoUTPUT AMPLIFIER ENARLE Programmable polarity

C32 FALT/ INPUT AMPLIFIER FAULT Low to C30 is Fault

*NOTE: If PHAl/ is not needed for Servo Amplifier, do not tie

to Amp-Common (AGND)
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J2 JPAR-RS232 Connector

CONNECTORS LISTING

(S6 Pin DIN Connector)

PIN # SYMBOL FUNCTION DESCRIPTION NOTES
Row
Al GRND COMMON SMCC COMMON
A2 GRND COMMON SMCC COMMON
A3 GRND COMMON . SMCC COMMON
A4 INIT/ INPUT RESETS SMCC Low is a "Reset™
A5 EROR/ ouUTPUT SIGNALS ERROR Low 1s an "Error"®™
A6 BUFU/ OUTPUT BUFFER FULL Low is ®"Buffer full"™
A7 GRND COMMON sSMCC COMMON
AB DASR RS5232 DATA SET READY
A9 CLTS RS 232 CLEAR TO SEND 9A & 10A functions
Al0 BUFU/ QUTPUT BUFFER FULL Low is "Buffer full"®
All RXD/ RS 232 RECEIVE DATA {E7 could exchange
Al2 TXD/ RS 232 TRANSMIT DATA {1l1A and 122 functions
Al3 CHAS CHASSIS Not tied to common
Al4 SPAR SPARE
AlS BUFU/ QUTPUT BUFFER FULL Low is "Buffer full®"
Al®6 CHAS CHASSIS Not tied to common
Al7 GRND COMMON SMCC COMMON
AlSB IPOS OouUTPUT IN POSITION

(BUSSED) High is "In position"
AlS GRND COMMON SMCC COMMON
A20 SP5V QUTPUT +5 VDC SUPPLY Deactivated by E26
A21 IPQOS/ ouUTPUT IN POSITION

(BUSSED) Low is "In position®
AZ22 BUFU ouTPUT BUFFER FULL High is buffer full
A23 ACKN/ OUTPUT HANDSHAKING Low is handshake
A214 DAT7 BIDIRECT. DATA 7 Parallel Interface
A25 DAT® BIDIRECT. DATA 6 Parallel Interface
A2% DATS BIDIRECT. DATA 5 Parallel Interface
L27 DATA BIDIRECT. DATA 4 Parallel Interface
A28 DAT3 BIDIRECT. DATA 3 Parallel Interface
A2S DAT?2 BIDIRECT. DATA 2 Parallel Interface
A30 DATI1 BIDIRECT. DATA 1 Parallel Interface
A31 DATO BIDIRECT. DATA 0 Parallel Interface
A32 STRB/ INPUT STROBE Low is a "Strobe™
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CONNECTORS

LISTING

J2 JPAR-RS5232 Connector (96 Pin DIN Connector)

PIN # SYMBOL FUNCTION | DESCRIPTION NOTES

Row

Bl ENAX INPUT X HANDHW ENC.A CH. 5V TTL square pulse
B2 ENBX INPUT X HANDWH ENC.B CH. 5V TTL square pulse
B3 ENAY INPUT Y HANDWH ENC.A CH. 5V TTL square Pulse
B4 ENBY INPUT Y HANDWH ENC.B CH. 5V TTL square pulse
B5 HWXD/ INPUT X HANDWH DISABLE Low is "Disable®

B6 HWYD/ INPUT Y HANDWH DISABLE Low is "Disable"

B7 DAR7 BIDIRECT. DISPLAY DATA 7 5V TTL

B8 DABG6 BIDIRECT. DISPLAY DATA 6 S5V TTL

B9 DARS BIDIRECT. DISPLAY DATA S 5V TTL

B10O DAB4 BIDIRECT. DISPLAY DATA 4 S5V TTL

Bl1l DAR3 BIDIRECT. DISPLAY DATA 3 5V TTL

B12 DAR2 BIDIRECT. DISPLAY DATA 2 5V TTL

B13 DAB1 BIDIRECT. DISPLAY DATA 1 S5V TTL

Bl4 DARO BIDIRECT. DISPLAY DATA 0 5V TTL

B15 EX OQUTPUT X DISPLAY ENARLE High is “Enable"

B16 RDWR BIDIRECT. READ OR WRITE E27 selects function
B17 RSTR OUTPUT READ STROBE TTL

B18 CONT OUTPUT CONTRAST ADJUST. 0 to 5 VvDC

B19 EY OUTPUT Y DISPLAY ENABLE High is "Enable®

B20 PL5V OUTPUT +5V Power supply out

B21 MAO1/ QUTPUT MACHINE OQUTPUT 1 Open collector TTL
B22 MAQ2/ OQUTPUT MACHINE OUTPUT 2 Low is a true

B23 MAO3/ OoUTPUT MACEINE OQOUTPUT 3 Low is a true

B24 MAQ4/ QUTPUT MACHINE OUTPUT 4 Low is a true

B25 MAQS/ OUTPUT MACHINE OUTPUT 5 Low is a true

B26 MATI1l/ INPUT MACHINE INPUT 1 5V TTL Low is a true
B27 MAIZ2/ INPUT MACHINE INPUT 2 5V TTL Low is a true
R28 MAI3/ INPUT MACHINE INPUT 3 5V TTL Low is a true
2269 MAI4/ INPUT MACHINE INPUT 4 5V TTL Low is a true
230 MAIS/ INPUT MACHINE INPUT 5 5V TTL Low is a true
B31 MAIG/ INPUT MACHINE INPUT 6 SV TTL Low is a true
B32 MAI?7/ INPUT MACHINE INPUT 7 5V TTL Low is a true
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J2 JPAR-~RS232 Connector

CONNECTORS LISTING

(96 Pin DIN Connector)

PIN ¢ SYMBOL FUNCTION | DESCRIPTION ! NOTES
Row
C1 PL5V ouTPUT +5V DC Power supply out
cz2 SYNC/ OUTPUT SYNCHRONIZER Low True from AQ card
C3 BRTS OUTPUT BUFFERED RTS For RS232 daisychain
C4 BTXD QUTPUT BUFFERED TXD For RS232 daisychain
C5 IPOS OUTPUT IN POSITION

, (BUSSED) .. High is "In Position"
cé SPAR SPARE
c7 DATR RS232 DATA TERMINAL READY
C8 SPAR SPARE
C9 ENAX/ INPUT X HWL ENC.A CH NEG 5V TTL
C10 EWBX/ INPUT X HWL ENC.B CH NEG 5V TTL
Cl1 ENAY/ INPUT Y HWL ENC.A CH NEG 5V TTL
C1l2 ENBY/ INPUT Y HWL ENC.B CH NEG 5V TTL
C13 SP5V OUTPUT +5 VDC SUPPLY Deactivated by E26
Cl4 SPAR SPARE
Cl1l5 SYNC/ OUTPUT SYNCHRONIZER Low true from A0 card
Cle HSB/ INPUT READ STROBE Low is "Read Strobe"
Cl7 ORDY/ OUTPUT OUTPUT READY Low is "Read Strobe"
Cc1ls8 GRND COMMON SMCC COMMON Low is "Read Strobe®
Cl9 EROR/ OuTPUT SIGNALS ERROR Low is an "Error"
Cc20 INIT/ INPUT RESETS SMCC Low is a "Reset"
cz1 GRND COMMON SMCC COMMON
cz22 GRND COMMON SMCC COMMON
C23 GRND COMMON SMCC COMMON
C24 SEL7Y OUTPUT DATA7 OUTPUT Scanner output for

reading thumbwhl switches

Cc25 SEL®6 OUTPUT DATA6 OUTPUT v v w
C20o SELS QUTPUT DATAS QUTPUT * " "
c27 SEL4 OUTPUT DATA4 QUTPUT b o "
C28 SEL3 QUTPUT DATA3 QUTPUT " " w
C29 SEL?2 ouTpPUT DATAZ2 OUTPUT " " "
C30 SEL1 QUTPUT DATA1l OUTPUT " " "
C31 SELO ouTPUT DATAO OUTPUT v » "
C32 GRND COMMON SMCC COMMON
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CONNECTORS LISTING

J5 JDISPX Connector (14 Pin Header)

. a

PIN # | SYMBOL | FUNCTION | DESCRIPTION NOTES

1 PL5V ouUTPUT +5V POWER

2 GRND COMMON SMCC COMMON

3 RSTR OUTPUT READ STROBE TTL

4 CONT OUTPUT CONTRAST ADJUST. VEE 0 to 10 vDC

5 EX OUTPUT X DISPLAY ENARLE High is "Enable”
6 RDWR BIDIRECT. READ OR WRITE E27 selects func.
7 DAB1 BIDIRECT. DISPLAY DATA1 5V TTL

8 DARBO BIDIRECT. DISPLAY DATAQ o 5V TTL

9 DAR3 BIDIRECT. DISPLAY DATASR 5V TTL

10 DABZ2 BIDIRECT. DISPLAY DATA2 5V TTL

11 DARS BIDIRECT. DISPLAY DATAS 5V TTL

12 DAB4 BIDIRECT. DISPLAY DATAZ4 5V TTL

13 DaB7 BIDIRECT. DISPLAY DATA7Y S5V TTL

14 DAB6 BIDIRECT. DISPLAY DATA$G 5V TTL

J6 JDISPY Connector (14 Pin Header)
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PIN # | SYMBOL | FUNCTION | DESCRIPTION NOTES

1 PL3V OUTPUT +5V POWER

2 GRND COMMON SMCC COMMON

3 RSTR ouTPUT READ STRORE TTL

4 CONT OUTPUT CONTRAST ADJUST. 0 to 10 VDC

5 EY ouTtkUT X DISPLAY ENABLE High is "Enable"
5 RDWR BIDIRECT. READ OR WRITE E27 selects func.
7 DAR1 BIDIRECT. DISPLAY DATAl 5V TTL

8 DABO BIDIRECT. DISPLAY DATAQ S5V TTL

9 DAR3 BIDIRECT. DISPLAY DATA3 S5V TTL

10 DAB2 BIDIRECT. DISPLAY DATA?2 S5V TTL

11 DARBS BIDIRECT. DISPLAY DATAS 5V TTL

12 DAR4 BIDIRECT. DISPLAY DATA4 5V TTL

13 DAB7Y BIDIRECT. DISPLAY DATA?Y S5V TTL

14 DABG BIDIRECT. DISPLAY DATA®6 5V TTL




CONNECTORS LISTING

J7 JPAN Connector (26 Pin Header)

PIN # | SYMBOL | FUNCTION | DESCRIPTION | NCTES

1 PL5V ouTPUT +5V POWER For remote panel
2 GRND COMMON SMCC COMMON

3 YJMI/ INPUT JOG Y AXIS IN -DIR Low is Jog Y-

4 XJMI/ INPUT JOG X AXIS IN -DIR Low is Jog X-

5 YJPL/ INPUT JOG Y AXIS IN +DIR Low 1is Jog Y+

6 . XJPL/ - INPUT ~-JOG X _AXIS IN +DIR -Low is Jog X+

7 PREJ/ INPUT RET. TO PREJOG POS. Low is Return

8 STRT/ INPUT START PROGRAM RUN Low is Start

9 STEP/ INPUT STEP THROUGH PROGRAM Low is Step

10 STOP/ INPUT STOP PROGRAM RUN Low is Stop

11 HOME/ INPUT GO HOME COMMAND Low is Go Home
12 HOLD/ INPUT HOLD MOTION Low is Hold

13 HWYD/ INPUT HANDWH. Y DISARLE Low disables

14 HWXD/ INPUT HANDWH. X DISABLE Low disables

15 INIT/ INPUT RESETS SMCC Low is a Reset
16 ENAX INPUT X HANDWH ENC. A CH. 5V TTL sg.pulse
17 IPLD/ OUTPUT IN POSITION IND. Low lights LED
18 BFLD/ OUTPUT BUFFER FULL IND. Low lights LED
19 ERLD/ OUTPUT ERROR INDICATOR Low lights LED
20 EPLD/ ouTPUT END OF PROGRAM IND. Low lights LED
21 ITLD/ OUTPUT CURRENT LIMIT IND. Low lights LED
22 ENBX OUTPUT Y HANDWH ENC. B CH. 5V TTL sg.pulse
23 FILD/ OUTPUT FOLLOWING ERROR 1 S5V TTL sg.pulse
24 F2LD/ OUTPUT FOLLOWING ERROR 2 5V TTL sqg.pulse
25 PLS5V QUTPUT +5V POWER For remote panel
206 GRND COMMON SMCC COMMON
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JB8 JEXP Connector

CONNECTORS LISTING

(20 Pin Header)

PIN # SYMBOL FUNCTION | DESCRIPTION | NOTES

1 -15v OUTPUT -15V POWER For extension card

2 M RESET OUTPUT RESET For extension card

3 +15V QUTPUT +15V POWER For extenstion card

4 IOWR/ OUTPUT WRITE DATA Low is Write

5 GRND QUTPUT SMCC COMMON

6 MD3 BIDIRECT. ADDRESS DATAZ

7 GRND COMMON SMCC COMMON

8 MD2 BIDIRECT. ADDRESS DATA2

9 +5Vv OQUTPUT +5V POWER

10 MD4 BIDIRECT. ADDRESS DATA4

11 +5V OUTPUT +5V POWER

12 MD1 BIDIRECT. ADDRESS DATA1

13 IORD/ OUTPUT READ DATA Low is Read

14 MD5 BIDIRECT. ADDRESS DATAS

15 MWT/SV2 INPUT/ GENERAL INPUT/ (Not used in SMCC)
OUTPUT SERVQO OUTPUT 2 (Controlled by E4)

16 MDO BIDIRECT. ADDRESS DATAQ

17 MALE QUTPUT ADDRESS LATCH ENABLE

18 MD 6 BIDIRECT. ADDRESS DATAG6

19 MMCS OUTPUT BOARD SELECT

20 MD7 BIDIRECT. ADDRESS DATA7

J9 JXHW Connector

(10 Pin Header)

TIN SYMBOL FUNCTION | DESCRIPTION | NOTES

i ENAX INPUT X HANDWHEEL A CH. SV TTL sg. pulse
2 PL5V ouTPUT +5V POWER

3 GRND COMMON SMCC COMMON

4 HWAX/ INPUT X HNDWH. A CH. NEG. 5V TTL Sg. pulse
5 HWBX/ INPUT X HNDWH. B CH. NEG. 5V TTL Sg. puise
6 GRND Common SMCC COMMON

7 PL5V QUTPUT +5V POWER

8 ENBX INPUT X HANDWHEEL B CH. 5V TTL sg. pulse
9 PL5V OCUTPUT +5V POWER

10 SPAR SPARE
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J10 Power Connector

(10 Pin Terminal Strip)

CONNECTORS LIS

-

IN

o

PIN # SYMBOL FUNCTION DESCRIPTION | NOTES

1 GRND INPUT 5V DC COMMON Power input

2 PL5V INPUT +5V DC SUPPLY Power input

3 P15V INPUT +15V DC SUPPLY Power input

4 M15V INPUT -15V DC SUPPLY Power input

5 IPOP/ ouTPUT {MULTIPLE FUNCTION Opto-isolated
6 IPRT QUTPUT {see NOQOTE 1 Opto-isolated
7 FEOP OUTPUT FOLLOWING ERROR Opto-isolated
8 FERT OouUTPUT FOLL. ERROR RETURN Opto=-isolated
9 SPAR SPARE

1 SPAR SPARE

J1l1l JYHW Connector

(10 Pin Header)

PIN # | SYMBOL | FUNCTION DESCRIPTION u NOTES

1 ENAY INPUT Y HANDHWEEL A CH. S5V TTL sgq. pulse
2 PL5V OUTPUT +5V POWER

3 GRND COMMON SMCC COMMON

g HWAY/ INPUT Y HANDWHEEL A CH. 5V TTL sgq. pulse
5 HWBY/ INPUT Y HANDWHEEL B CH. 5V TTL sg. pulse
6 GRND COMMON SMCC COMMON

7 PLSV OUTPUT +5V POWER

8 ENBY INPUT Y HANDWHEEL B CH. 5V TTL sgq. pulse
9 PL5V OUTPUT +5V POWER

1 SPAR SPARE
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J12 JOPT Connector

(26 Pin Header)

CONNECTORS

LISTING

PIN # SYMBOL FUNCTION DESCRIPTION | NOTES

1 MAI7/ INPUT MACHINE INPUT 7 SV TTL, HIGH is True
2 GRND COMMON SMCC COMMON

3 MAIG6/ INPUT MACHINE INPUT 6 S5V TTL, HIGH is True
4 GRND COMMON SMCC COMMON

5 MAIS/ INPUT MACHINE INPUT 5 SV TTL, HIGH is True
6 GRND COMMON SMCC COMMON

7 MATI4/ INPUT MACHINE INPUT 4 5V TTL, LOW is True

8 GRND COMMON SMCC COMMON

g MAI3/ INPUT MACHINE INPUT 3 SV TTL, LOW is True

10 GRND COMMON SMCC COMMON

11 MAI2/ INPUT MACHINE INPUT 2 5V TTL, LOW 1is True

12 GRND COMMON SMCC COMMON

13 MAI1l/ INPUT MACHINE INPUT 1 S5V TTL, LOW is True

14 GRND COMMON SMCC COMMON

15 MAQOS5/ OUTPUT MACHINE OUTPUT Open Collector, True
16 GRND COMMON SMCC COMMON LOW true

17 MAO4/ OoUTPUT MACHINE OUTPUT Open Collector, True
18 GRND COMMON SMCC COMMON LOW true

19 MAO3/ QUTPUT MACHINE OUTPUT Open Collector, True
20 GRND COMMON SMCC COMMON LOW true

21 MAO2/ OUTPUT MACHINE OUTPUT Open Collector, True
22 GRND COMMON SMCC COMMON LOW true

23 MAO1l/ OUTPUT MACHINE OUTPUT Open Collector, True
24 GRND COMMON SMCC COMMON LOW true

25 PL5V OUTPUT +5V POWER

26 GRND COMMON SMCC COMMON
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CONNECTORS LISTING

SMCC CONNECTORS | LIST OF MATING CONNECTORS

J1l (JMACH) - AMLAN P/N C96F3LA+B+C
DELTA TAU ASSEMBLY P/N 602065-101 or
P/N 602065-100

J2 (JPAR-RS232) - AMLAN P/N C64F3SCHM.Z.A+C
3M P/N 6964-0000-EF or equivalent
J3 - NOT USED
J4 - NOT USED
J5 (JDISPX) - H and T P/N 4003-14-00-P5

3M P/N 3385-6600 or equivalent

J6 (JDISPY) - H AND T P/N 4003-14-00-P5
3M P/N 3385-6600 or equivalent

J7 (JPAN) - H and T P/N 4003-26-00-P5

3M P/N 3399-6600 or equivalent
J8 (JEXP) -~ H and T P/N 4003-20-00-P5

3M P/N 3421-6600 or equivalent
J9 (JXHW) - H and T P/N 4003-10-00-P5

3M P/N 3473-6600 or equivalent
J10 (POWER) - NONE
J11 (JYHW) -~ H and T P/N 4003-10-00-P5

3M P/N 3473-6600 or eguivalent
Jl2 (JOPT) - H and T P/N 4003-26-00-P5

3M P/N 3399-6600 or equivalent
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CONNECTION DIAGRAMS
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JPAR - RS232

LUWNINL LoV Ui nunhals

RS232 /0 CONNECTOR .

(RS2

32 2)

”0 (FLAT CABLE)
19
18
‘7 ** NEEDED FOR RS232
* OPTIONAL FOR HOST ONLY,
16
RS232
15 DB - 25
SN o oy
12«/' @ U N2 N4 TXD/
ENBY/
e “_ DR RXD/
ENAY
0d “~ N e RTS /
VN S N [
- s ENAX
e N e DSR
AR N7 v | A
6/ e \ \8 \20 DTR
BUFU/
SN e N1 | (sparg
EROR/
L & e o 22 | 1pos .
INIT/ D
3 e " e B1XD D IneeDeD
FOR
2 N Nz e éi;ﬁ > |paisy
1 & | " iz ees swwe o |0 N
A B G - ’/,/,/////”’/’ GND  D_|




[V A WA IR UL WA P B I AN U

PARALLEL /O CONNECTOR WIRING

A B C
1 = STRB/
a2 7 U N 15, 2i DATO
< 3 = DAT1
s AN 2 20, | 4 _ DAT2
v N\ ;5 21 5 = DAT3
N N 6 = DAT4
N 8 = DAT6
28 yd ~ 5 23/ S — DATS
27 7 U N 2 10 = ACKN/
< 11 = BUFU
o N ! 574 12 = |POS/
- N 26 13 = SPSU
N AN d 14 = GND
24 / \ \9 27 15 = IPOS
v AN o 16 = GND
23 N 10 8, 17 = CHAS
- N 29 18 = BUFU/
22
i . 2 9 20 = SELO
/ \ 3 31 21 = SEL1
N AN 1 22 = SEL2
yd AN 33 24 = SEL4
” N ° 25 = SEL5
w7 ~ \,6 34/ 26 = SEL6
h N ' 74 28 = GND
- N 18 36 29 = GND
; - | 30= GND
' 31 = INIT/
CENTRONICS (36 PIN) 32 = EROR/
33 = GND
34 = ORDY/
A B ® 35 = HSB/
JPAR-RS232 (96 PIN) (CENTRONICS) 36 = SYNC/

36 = SYNC/




SMCC ACCESSORY 8H (JMACH)
(VIEWED FROM TERMINAL BLOCK SIDE)

o

(J MACH B7 & B8) ‘
Use LOGIC GROUND - < |O FERR RET. (J MACH B3) |use
FOR (J MACH B6) +5VDC O™ o O FERR (J MACH B2) FOR
SMCC]  (JMACH B10) +15 VDC w e IPOS RET (J MACH B4) |smce
ONLY {J MACH Bg) -15VDC O ES - IPOS (J MACH B1) ONLY
PIN | SMCC.-VME| sMmcC SMCC | SMCC-VME | PIN
c1 ANAZ | ANA2 - @ ANA3 | ANA3 Al
c2 AVSS AVSS @ J @ Avss | Aavss A2
ca CURO CURO' @ 11 @ 1curt "] cumt A3
c4 XPLL XPLL @ ~ YPLL YPLL A4
cs XMIL XMIL w @ YMIL YMIL AS
cs +5V PLSV @ @ PLSV | +5V A6
c? G\D GRND & @ GR\D GND A7
cs QD GR\D @ @ RO | oo A8
co M13/ SPAR @ @ SPAR M4/ A9
c10 XUFU XUFL/ @ @ YUFU | YUFU A10
C11 XHFL/ XHFL/ o @ YHFL/ YHFL/ ANl
cr2 CHCX/ | CHcx > @ CHCY/ | CHCYr A12
c13 CHCX CHCX ~ @ CHCY CHCY A13
C1a CHBX/ CHBX/ @ @ CHBY/ | CHBY/ A4
C1s CHBX CHBX @ @ CHBY CHBY A1S
C16 CHAX/ CHAX/ @ @ CHAY/ | CHAY/ A16
c17 CHAX CHAX - @ CHAY CHAY A7
cie XHWB/ BSNX - @ BSN Y YHWB/ Ai8
C19 XHWB BPO3/ @ ~ BPO4/ | YHWB A19
c20 [ XHwWA/ | BPOZ @ @ BPO6/ | YHWA/ A20
c21 XHWA | BPOW/ @ @ BPOS/ | YHWA A21
c22 | HWXDIS/ PHA2 o @ PHA2/ | HwyDis/ | A22
c23 PHA1/ PHA1/ - @ PHA3/ | PHA3/ A23
Co4 PHA PHA1 @ @ PHA3 | PHA3 A24
cas “15A M15A @ @ M15A MO5/ A25
c26 Mi2/ MAL7/ @ @ MAI7/ | MO4/ A26
ca7 M1/ MAI6/ - @ MA16/ MO3/ A27
C28 | FERROR MAL5/ @ @ MAIS/ MO2/ A28
cag «15A P15A @ @ Pi5A MO 1/ A29
c30 AGND AGND F—+{ ~ @ AGND | 1POS A30
Cat AENA AENA @ i @ AENA SYNC/ A31
c3z2 | FAuLT/ FALT/ @ @ FALT | Ny A32

NOTE: THE NUMBERS IN CIRCLES ARE THE USUAL NUMBERS THAT APPEAR ON THE SCREW
TERMINALS. [T IS POSSIBLE THAT OTHER NUMBERING, OR NO NUMBERING MAY BE USED

(JMACH TERMINAL BLOCK) 334
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CARD (WITH OPTION 3)

LUSNDN L Ll AWy e o lNnse D

ANALOG INPUT POTENTIOMETER CONNECTIONS

1) WITH ANALOG CONDITIONING (NO OPTION 3)

&

C6 (PL5V)

(A
[
[ ]
[ ]
[ |
g &
i

C1 (ANA2) —11p=

J1 (JMACH)

LI

J1 (JMACH)

A6 (PLSV) ———

A1 (ANA3) —L1p

%

-
JUR P

- -
P

- =
- oow -

i ] {2ka TYP) | (2KQ TYP.)
C7 (GRND) Q7 —— A7 (GRND)
A'SHIELD C‘ 'SHIELD
X-AXIS & TIME BASE Y-AXIS
2) WITH ANALOG CONDITIONING (OPTION 3)
EXTERNAL SUPPLY
+10V
C1 (ANA2) —————P> % X-AXIS &
TIME BASE
— (5KQ TYP)
T
S
S c7(GRND) GND
<)
=
Y-AXIS
AT (ANA3) > % (5KQ TYP.)
. 10V
+10V \
+S5V e —— +5V SMCC'S CPU
———  REQUIRES 0TO +5 VOLT
VOLTAGENTO ] oy SIGNAL RANGE

S A — OPTION 3
ANALOG CONDITIONING
10V —— VOLTAGE MAPPING

(ANALOG INPUT)
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TIMING DIAGRAMS

r— COMMUNICATION
RS232 PARA'LLEL
I
———————————————————————————— :—--—-—-——-—-——-—--—----—-—-——------—-——-—-:—----....-_.._.-..--
ASCII 5 E
(ALL COMMANDS) BQO TO 38,400 BAUD 8 BIT PARALLEL + STRORE
USES SERVOCYCLES | . +HANDSHAKE
TO PROCESS COMMANDS : ! i
| 1 '
[} ] "
] [}
| 250 MICROSECONDS/CHAR. 5
H +4 MILLISECONDS i
i PROCESSING TIME 5 MICROSECONDS/CHAR.
33 MILLISECONDS/CHAR. BURST RATE
+4 MILLISECONDS

2.5 MILLISECONDS

PER COMMAND (6.5 MILLISECONDS)
|
i
i
—————————————————————————————————— e - ———
]
:
DMA !
250 MICROSECONDS/CHAR.
(POSITION/VELOCITY) + 10 MICROSECONDS
(BINARY DATA ONLY) PROCESSING TIME
USES INTERRUPT TO (INTERRUPT)
PROCESS COMMANDS :
AVERAGE 4 CHARACTERS

|
.01 !
PER COMMAND (32 BITS) (1.010 MILLISECONDS)

........._—-.-._._..-——.._..—-———....._..-.-....—.._..__—__..-_..._._.._..

NOTE: ALL COMMUNICATIONS REQUIRING
A TRAJECTORY ALTERATION WILL
BE EXECUTED AT A
RATE OF 60/100 COMMANDS

PER SECOND, IN ALL MODES.
(COMMUNICATION)

PROCESSING TIME
i

i
50 MICROSECONDS
+4 MILLISECONDS
(4.050 MILLISECONDS)
1

|
5 MICROSECONDS/CHAR.
+ 10 MICROSECONDS

PROCESSING TIME
(INTERRUPT)

EIGHT ADDITIONAL I/0 LINES
OR
READING 16 (512) THUMBWHEEL
SWITCHES FOR PROVIDING
MANUAL PROGRAMMING INPUTS




TLMIdMG DLALRAMS

IPOS

BF/

senomove  XST X 52 X S3
(SEND S1, S2, S3) \
X D3
X D2 v

(MOVE DONE, D1, D2,D3) X D1 ‘

PROGRAM COMPLETED

’TIME BETWEEN SENDING OR COMPLETING MOVE AND BF/ CHANGE
IS UP TO 10MS (CALCULATION TIME FOR 2 AXIS MOVE)

BUFFER FULL AND IN-POSITION TIMINIG WHEN IN MDI MODE

(MDI)



TIMING DIAGRAMS

DATA STORED
§ 1 t
:/ —> 54—-—-— 100 n SECS. .
] ]
H L} B T——
5 TO 300 ! ! ! : lzusecs.
u SECS. | :4-—- ! {1+ minimum
i
STROBE/ ‘ £ g —
i ]
i i
> | —»! | <@— 100nSECS.
ACK/ I_._
ousy N s
4/ —®-! < 200n SECS.
1uSECS. —=| i
o< O ——X
(DBO TO DB7?) -~ —

DATA MUST BE VALID

s ______—.-———-—-_—..—_..-_._—--——-—-—-——.---__-.__..._.._...-—---.—-—-..—..—_-....._

<—— 100 n SECS.
<—1—— 570300 u SECS.

100 n SECS.—#)

DATA TAKEN
: ~
! 2 U SECS, —
: minimum :
e | :
HSB/ - = :
(HOST STROBE/) !
| ( ' !
:(‘ ) |
| i
ORDY/ h — :
(OUTPUT READYY/) & —>! = 1001 SECS. !
i i
DATA OUT K 1 VALID | 46— :
(DBO TO DB7) LN ’ !
!
i
|

(PARALLEI

SMCC PARALLEL PORT TIMING DIAGRAM.




8wE

RS232 TIMING & HANDSHAKE

DATA| DATA

RXD

| ¢— 2 TO 4 msecs. ———»!

i
1g—— 50 u secs.

DATA

DATA

RECEIVE DATA

e oo

B L Sep—

RTS
SMCC TOHOST

XD

LF*

DATA DATA

B

LF*

TRANSMIT DATA

CTS
FROM HOST TO SMCC

(*LF IN i03 1 MODE)

CTS GOING LOW CAUSES
DATA TRNSMISSION TO STOP.
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CUSTOMER CONVERSION FROM STANDARD TO PARABOLIC SMCC

To change a standard SMCC to parabolic SMCC, please follow these
steps:

1.

Remove the standard CPU (MC2A) and install the parabolic CPU
(parabolic).

Remove the standard EPROM and install the parabolic EPROM.

Apply power to.the. SMCC. _Note that the red error LED should
light up due to the mismatch in system parameters from stan-
dard to parabolic.

In order to get the SMCC back to normal, the system parame-
ters have to be reinitialized. To reinitialize, connect the
RESET signal (J7 pin 15) to one leg of a normally open
momentary push button switch, and GND (J7 pin 2 or 26) to
the other leg of the switch. Connect the STEP/ signal (J7
pin 9) to one leg of a normally open momentary toggle switch
and GND (J7 pin 2 or 26). Do the same thing to the RUN/ (J7
pin 8) and ABORT/ (J7 pin 10). If you have an ACC-16 con-

trol panel, all the switches needed for manual reset are
available.

After all the switches are hooked up, power up the SMCC with
a computer connected to the SMCC running a terminal

emulation program such as the SMCC TERMINAL program, and
complete the following steps:

A, Push and hold the ABORT/ switch while pushing and
releasing the reset button. Look at the computer
screen where two lines of message will be displayed on

the screen. When the message 1s displayed, release the
ABORT/ switch.

B. Follow the prompts on the screen and choose the default

parameters and the system type (brush, brushless, or AC
induction).

C. After the parameters and system are chosen, the SMCC
will do a series of switch tests. To bypass the switch
test, toggle the ABORT/ switch until you are out of the
switch test. The screen now displays encoder and hand-
wheel encoder counts. If you have the motor encoder
and the handwheel encoder hooked up to the SMCC, rotate
the motor shaft to see the encoder counts change on the
screen. Rotate the handwheel to see the handwheel
encoder counts change. To get the SMCC back to normal
operation, toggle the ABORT/ switch and then save the
system parameters (’s’ Command). You must save the

parameéters at least once; otherwise the SMCC will not
function correctly.
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DETERMINING POSITION AND VELOCITY AT SEGMENT BOUNDARIES
IN 3-POINT SMOOTHER (CIR4) MODE

For the most general case of CIRCLE4 mode moves, with T, deltaP
(dP), and deltaP/t all changing, the user may want to compute the
state of the system at boundaries of the move segments. The
equations below define the position and velocity at segment
boundaries. Note that if t and deltaP/t change simultaneously
(as in the example), there are acceleration discontinuities, but
the equations are still valid.

f(n) = [Udn+l) x t(n) - Uin).x _t(n+l)] / 3[t(n). + t{n+l)]
(POSITION CORRECTION FACTOR)

dP(n) = U(n) + f(n) - £(n-1) = DELTA POSITION FOR SEGMENT n
V(n) = [U(n) + U(n+l)] / [t(n) + t(n+l)] = VELOCITY AT END OF
SEGMENT n

For the following set of move segments:

CIR4 [t(0) = t(1), U(0) = 0] MUST BE ADDED TO BEGINNING
£t160 t(l)

U11000 U(l)

£200 t (2)

Uz238000 U(2)

t88 t(3), t(4), t(5)

U13333 U{(3)

U13333 U((4)

Ul3333 U(5)

£200 t(6)

U23000 U(6)

t160 t(7)

U11000 U(7)

[(t(8) = t(7), U(8) = 0] MUST BE ADDED TO END

We can compute the conditions at segment boundaries:

n | t(n) | Ul(n) I f(n) | dP(n) | V(n) (lines/sec)
| I | [ | 0
0 | 160 J 0 [ 1833 | 1833 | 35200
1 | 160 | 11000 | 2258 | 11426* | 113778
2 | 200 | 29000 | 133 | 26874 | 150517
3 f 88 [ 13333 | 0 [ 13200 | 155148
4 | 88 [ 13333 | 0 | 13333 | 155148
5 | 88 | 13333 | =133 | 13200 [ 150517
6 | 200 I 29000 | -2259 | 26874 | 113778
7 | 160 | 11000 | -1833 | 11426 | 35200
8 | 160 I 0 | 0 {1833 | 0
| [ | | I

* 11426 = 11000 + 2259 - 1833, for example
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USING SMCC’S PROGRAM BUFFER IN RECIRCULATING AND OTEER MODES

The SMCC board has a very flexible program buffer that permits .
many ways of executing motion programs. The standard buffer is

large enough to hold 1790 program lines; with extended memory

(Option 5), it can hold 5630 lines (most commands are one line;

dual axis standard moves are two lines; parabolic and ‘Go Until’

moves are two lines per axis). PLC programs are stored in the

same buffer, but are stored at the opposite end.

SMCC 1is capable of continuous execution of programs that are
larger than the board’s memory. It can do this because 1its
program.buffer..is .dynamic. and recircnlating: _that 4is, you can:
write to the buffer while the program is executing, and you can
overwrite lines that have already been executed. By monitoring
the status of the program buffer properly, you can send new lines
in far enough in advance that you ensure continuous execution,
but not so far ahead that you overwrite lines that have not vet
been executed. This allows the SMCC to execute programs of
unlimited size. Of course, a host computer such as a PC must be
frequently in contact with the SMCC for this technique.

The technique 1is very straightforward. The main program buffer
was allotted a certain number of lines the last time a "zn"
command was given to the card. For instance, "A021000" allots
1000 lines to the main program buffer (lines 0-999) . Subroutines

start on line 1000, and the PLC buffer starts from the opposite
end of the buffer memory.

If you load the first 750 lines of a long program (no "END"
statement) into the card, you have 250 lines remaining. 1If you
send the card a "PB" (Program Buffer Space) command at this

point, the card will return "250", denoting the 250 available
lines in the program buffer.

Now, 1f you start to run the program, and you send "PB" while the
card is executing line 50, the card will return "300", where the
300 lines available comprise the 250 at the end plus the 50
already executed. The basic idea here is to continuously monitor
the number of available lines with the "PB" command. When the
number of available lines reaches a certain number, say 500, vyou
can load another block of commands, say 250 lines, and start
monitoring the available buffer again. This process can be

repeated indefinitely until the program has been completely sent
to the card.

You can tailor the size of the buffer, the threshold size when
you start to load more lines, and the size of each block loaded
To your own application, but two things should be kept in mind.
First, you should start loading more lines when there are still
a substantial number of lines left to execute (250 in the above
example) so that you do not risk coming to a stop in the middle
of the program by letting the card executed the last line already
loaded. Second, you should load fewer lines in each block than
the space available (250 fewer in the above example) so that vyou
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do not try to overwrite an unexecuted line. The SMCC will not
allow you to do this: it will return an error and simply ignore
that line. The numbers shown above as examples are used in the
"DUMP" wutility program (which utilizes this technique) and have
been found to give very robust operation.

Of course, if you are overwriting program lines, you should not
have any branching or looping in the main program: the arrow of

execution should move straight through the program. Looping and
branching may occur in the subroutines, which are not
overwritten. The subroutines should be loaded first, after the

main program buffer size has been set with the "zn" command, but
before.any ©of the main program buffer has_heen_loaded. .

If the program to be executed is small enough to fit in the
allotted area, there is no need to use these recirculating
technigues. The entire program can be loaded, then run. 1In this
case, the program can also be stored in the card’s EAROM
(permanent memory), so it will be automatically loaded into
active memory (ready for execution) upon power-up or reset.

Alternately, Programs may be executed without using the buffer at
all by using SMCC’s MDI mode (i02=1). In this mode, buffer
commands are executed immediately upon receipt by SMCC (or when
the previous command is finished). Since the buffer is not being
used, only one command in advance may be sent to the card. The
BF/ signal ("Buffer" full -- low when not ready to accept a
command) Or status bit should be monitored in this mode to see
when SMCC 1is ready to accept another command. You do want to
stay one Dblock (move segment) ahead so moves can be blended
together properly, but you are not allowed to get more than one
move ahead. The block execution rate is roughly the same as in
non-MDI mode: safely 50 blocks per second for two axes, and 65
blocks per second for one.

For rapid block execution, communications speed may be a problem.
I1f it 1is, binary (DMA) commands may be used to cut the
communications load roughly in half. Binary commands may be used
in either MDI (where they are executed promptly) or non-MDI mode
(where they are stored in the buffer), but they are most useful
in rapid execution in MDI mode. Refer to the DMA communications
chapter of the Parabolic section of the manual for details.
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TRAPEZOIDAL MOVE PROGRAMMING ON THE SMCC

The SMCC card offers several different ways of specifying the
speed and duration of moves. These moves can be simple point-to-
point moves or complex sequences of concatenated segmen;s. The
profiles of these moves (velocity vs. time plots) can elthgr be
trapezoidal or parabolic. Parabolic moves (direct parabolic or
S-Curve) are available only on the Parabolic SMCC. Calculations
for these moves are covered in the Parabolic section of the
manual. The trapezoidal moves, covered here, can be specified
either in terms of feedrate (speed) or move time. It is
important to remember that all of the moves discussed here are
series .of_commanded_positions. .._The_actual move of the system is

also dependent on the physics of the systen, along with the
feedforward and feedback parameters.

A feedrate-based move is specified by giving an ’‘F’ command
before the move that sets the speed. A time-based move is
specified by giving a ’T’ command before the move that defines
the move time. 'F’ and ‘T’ are modal commands; that is, the last
one executed stays in force until a new 'F’ or 'T’ is given. In
either type of move, a ‘t’ command sets the time for acceleration
between speeds, and to or from a stop. The units of 'F’ are
related to the reference feedrate (see below). The units of ‘¢’
and ’'T’ are 1/1024 second (referred to as binary milliseconds).

Note: On the Standard SMCC, the ’t’ and 108’ wvalues

are
identical: changing one changes the other. On the Parabolic
SMCC, 108 merely provides the power-up value for ’'t’. On both

cards, 108 is used for non-programmed stops and moves (jogs).

Feedrate-Based Moves

In a feedrate-based move, the speed for the constant-velocity

perrvion of the move is given by the expression

V (cts/sec) = 106 * F# / 1024

where 106 1s the reference feedrate, also in cts/sec. For a two-
axis move, V 1is the combined vector velocity of both axes.
Therefore, the velocity of each axis is

Vo (cts/sec) = 106 * cos a * F# / 1024
Vy (cts/sec) = 106 * sin a * F§ / 1024

a = arctan (delta¥Y / deltaX).

where
The time for a move segment, from the beginning of acceleration
to the end of the constant velocity portion, is

(sec) = deltaP (cts) / V (cts/sec) .
(bin msec) = 1,048,576 * deltaP (cts) / (106 = F#)

+3 =3
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(For the tyo axis Case, deltaP is tpe vector distancg:

sqgrt (deltaX® + deltaY“.) The relationship is illustrated in

0 Figure 1. Of course, if the distance is too short to get up to
the specified velocity, the move becomes triangular in profile.

A simple feedrate-based point-to-point move can be specified as

follows:

¥=0 ; Define starting position as zero

t256 ; Accel/decel time is 256/1024 sec = 1/4 sec
F512 ; Speed is one-half of i06 reference

X50000 ; Distance is 50000 - 0 = 50000 counts

If 106 is 40000 (cts/sec), the time from start of motion to the
"end of constant velocity (start of deceleration) is 50000 /
(40000/2) = 2.5 seconds. Adding the quarter-second deceleration,
the total move time is 2.75 seconds.

Time-Based Moves

In a time-based move, the user directly specifies the time (T)
from beginning of acceleration until the end of constant
velocity. SMCC computes the velocity from this by the equation

V (cts/sec) = deltaP (cts) / T (sec)

(The essential difference between feedrate-specified and time-
’ specified moves is that in the first case, SMCC computes move

time from the velocity command, and in the second case, it
computes velocity from the time command.)

A simple time-based point-to-point move can be programmed as
follows:

X=0 ; starting position is zero

©128 ; 128/1024 = 1/8 second accel/decel
T1024 ; 1 second

X10000 ; move to X=10000

The card will accelerate up to top speed in 1/8 second (t), stay
at top speed until 1 second (T) has elapsed from the beginning of
the move, and then decelerate back to zero velocity in 1/8 of a
second. The total move thus takes T+t time. The magnitudes of
acceleration and velocity are automatically calculated to satisfy
the required conditions of the move. The top (slew) velocity is
simply the distance over the move time (delta X / T); in this
case, 10000 cts/sec. The rate of acceleration is the slew
velocity divided by the acceleration time (Vgiew 7/ t), for this
example 80000 cts/sec/sec. The distance covered while
accelerating or’ decelerating is Velew * £ / 2, which is 625
counts here. Note that the decelération must begin 625 counts
before the destination. The plot of this move is shown in Figure

o
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106 40000

X=0

1256

\ F512
(CTS/SEC) 1€ (T > M X50000
20000 7T t
P=50000
0 i i ' }
1 2 3 TIME(SEC)
FIGURE 1. FEEDRATE-BASED MOVE
X=0
1128
T1024
X10000
Vv
(CTS/SEC) T ;11 t H—~
10000 — ¢t
AP, =8750
* |
0.25 0.5 0.75
LHP =625 LP_=625

FIGURE 2. TIME-BASED MOVE
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Concatenated Moves

What if we wish to add another move segment onto this first one,
to make a continuous move? We program this as follows:

X=0 ; start at zero

£128 ; accel/decel time is 1/8 sec
T1024 ; move segment time is 1 sec
X10000 ; delta X = 10000

X30000 ; delta X = 20000

This..move .starts just”as.the.first_one_did:qaccelerating in 1/8
second to a speed of 10000 cts/sec, and continuing at that speed
until 1 second has elapsed from the beginning of the move. We
are still 625 counts short of 10000 (X=9375). If no more move
segments were specified, it would simply decelerate to a stop.

However, since a new segment follows, the card will accelerate to
the new velocity in time t, and remain at that velocity until
time T has elapsed from the start of the second acceleration, and
then either decelerate to a stop in time L, or accelerate to the
slew velocity of a third segment. The slew velocity for the
second segment is again delta X / T, or 20000 cts/sec here; the
acceleration is (Vslew2 = Vejewl) / t. again 80000 cts/sec/sec.
When the second T time has éﬁapsed, we are Vi o5 * t / 2 (1250)
counts short of our new destination (X=300003 Since there are
no more move segments, we decelerate at V lew? / Tt (160000)
cts/sec/sec to our final position. The totai move time is 1024
+ 1024 + 128 = 2176 bin msec = 2.125 sec. This full move is
shown in Figure 3.

Does the math all work correctly for position, velocity, and
time? Working from Figure 3, taking delta position as the area
under the velocity vs. time curve, we get :

delta P = V *t/2 + V *(T-t) + (V +V )*t/2 +
slewl* slewl slewl slew?
Velew2 ™ (T-t) + &slew2*t/2

delta P

625 + 8750 + 1875 + 17500 + 1250

il

30000 counts

This method of Joining moves 1is very wuseful in a lot of
applications, particularly in two axes, because it allows
blending of moves without stopping, with a slight rounding of the
corners near the designated points during the time in which one
axls accelerates and the other decelerates. During the slew

portions of the moves, there is a straight line move directly
between the specified points.

For instance, take the following two-axis program, using
incremental X and Y moves:
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FIGURE 4. TWO-AXIS CONCATENATED MOVE
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106 5000 ; reference feedrate = 5000 cts/sec

t256 ; 1/4 second acceleration

F1024 ; vector speed equal to i06

U8660 v5000 ; incremental move at 30 deg (atan[5000/86601))
Us5000 VB660 ; incremental move at 60 deg (atan[8660/5000))

The length of each move segment is sqrt (86602+50002) = 10000 cts.
Since the F value is 1024, the vector speed equals i06, or 5000
cts/sec. The time from the beginning of each segment to the
point where it starts accelerating into the next is 10000 cts /
5000 cts/sec = 2 seconds. The total move time is 2 + 2 + 0.25 =
4.25. sec. Looking..at_the_individual. axes, the velocity of X is
5000 cos 30° = 4330 cts/sec in the first segment, and 5000 cos
60° = 2500 cts/sec in the second. The Y velocity is 2500 cts/sec
in the first segment and 4330 in the second. These profiles are
shown in Figure 4.

Starting from a stopped position, both axes will ramp up to their
first velocity in 1/4 second. They will continue along at these
velocities until two seconds have elapsed from the beginning,
following a straight line path. At this time they will still be
short of the first programmed position, but here both axes start
to change speed to their new velocities simultaneously, causing
the path to curve smoothly. This speed change is performed in
the 't’ time of 1/4 second. Then both axes proceed at their new
constant velocity until 2 seconds have passed from the start of
the speed change, during which time they are on a straight-1line
path directly between the first and second destination points.
The curve preceding this caused a smooth blending between the
first straight-line path and the second. The result of this
blending, however, is that the first destination point was never
reached. (It is physically impossible to keep moving around a
sharp corner -- infinite acceleration would be required. To
actually reach the corner point, a full stop (DWELL) would be
reguired.)

At the end of the second ’T’ time, the axes are short of the
second destination. Since there are no more moves to be
executed, they decelerate to a stop in time ‘t’ (1/4 sec) right
on the second destination point.

1f you are blending to a move in the opposite direction, you will
turn around before reaching the first destination point. For
example, the program

t128
T1024
X=0
X10000
X0

will never reach X=10000. The greatest X position it will reach
is 9687 (calculation is left as an exercise).
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Transition Point Programming

However, there are some types of move segments where some
external calculation will need to be done. For instance, if you
want to get to a given position while still at the slew velocity,
and then immediately start to accelerate to the new speed (and
not pass the point sometime during the acceleration, as this mode
does naturally), you will have to specify a different destination
position in the program, calculated externally. The calculations
are straightforward, as shown below.

The key thing to remember is that the acceleration to a new speed
for the next_move _segment begins._at _the .position where the old
move would have to start decelerating to a stop if there were not
another move segment. In the first concatenated-move example
above, the acceleration to higher speed starts at X=9375, with
the first command position at X=10000. So, if you are interested
in defining the position where the ramp to a new speed begins,
the commanded position is:

Pcommanded = Frampstart * (Vsiew1 * t) / 2

The position where the ramp ends is related to the commanded
intermediate position by:

= P

P

commanded rampend ~ (Vslewz * t) / 2

If you are programming the moves incrementally, the change 1in
position (deltaP) that you specify for a move segment is related
to the actual move distance (from start of one ramp to start of
next ramp) by:

deltaP .o mmandeqg = deltaP - Veiew1™t1) /2 + Vs1ew2™tp) /2

In general, the SMCC’s logic for these moves is structured so
that the move segment is considered ‘over’ at the point where it
starts to ramp to a new velocity or to a stop. Any M functions
that are to be changed between segments are changed at this
point. This includes the case where you are decelerating to a

stop -- the functions get changed at the beginning of the ramp,
not when the destination is reached.

1f you wish to run an axis at constant speed, but are breaking
the move into pieces to do different things with the other axis,
you should work in time-based mode, and keep the deltaP/T ratio
constant. However, 1if you change the little t time, this will
cause a speed change on the axis, because the start of the next
acceleration period has changed relative to the commanded
position, yet the distance to it must be covered in the same time
TT To compensate for this, change the programmed distance by
adding the term Vealewl © (tnew‘told) / 2.
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CONVERSION OF SMCC RAW EEXADECIMAL DATA TO DECIMAL

When data is taken in raw form from an SMCC memory location, it
is returned as ASCII characters representing hex bytes (2
characters per byte), with the least significant byte first for
multiple byte values. Data is returned in this form when the ’r’
and 'd’ commands are used. Below is an example showing how to
convert this data into decimal value.

The user requests the X-axis position from a Parabolic SMCC:

r fe48,4 (Return 4 bytes starting at memory location fe48)
The SMCC will return a string such as:

a0c30900

This is to be interpreted as four bytes of hexadecimal data: the
least significant byte is a0; the next byte is ¢3; the next byte
is 09; and the most significant byte is 00. Written out in
standard form, this value is:

000%9c3a0 (base 16)

The conversion from base 16 to base 10 is then a standard
mathematical procedure, shown as follows:

0 0 0 9 c 3 a 0
I I | I | I I I
I I I I | | | 1 x 0 = 0
I | I I | | 16 x 10 = 160
I I ! | I 256 x 3 = 768
[ I | I 4096 x 12 = 49152
| I | 65536 x 9 = 585824
| I 1048576 x 0 = 0
| 16777216 x 0 = 0
268435456 x 0 = 0
639904
The decimal value is then 639,904. However, position data on the

SMCC has 5 bits of fraction, so we divide by 32 to get the value

of the position as an integer number of counts and get 19997
counts.
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EXAMPLE 50

PARAMETERIZED MOVE WITH ANALOG SPEED CONTROL AND LEARNED POSITIONS . .

This program is designed to allow a stand-alone SMCC to do a move
of a fixed pattern but with all of its parameters variable by the
operator. This example uses the inputs from the standard control
panel (the ones that would not affect normal operation of the
single axis) for demonstration purposes. An actual application
would use the general purpose inputs MI1-MI7. To set the speed
transition positions for the move the system is moved by jogging
or handwheel following to the desired location, and the proper
switch is toggled. _This._stores.the .locarion in a P parameter’
that the programmed. move uses. There are four potentiometers
hooked up to the SMCC’s analog inputs. Three of these control
the speed of a part of the move; the fourth controls the dwell
time at the end of the move.

Note the use of "marker bits" in the PLC. These are used to make
sure a given action only occurs once per switch toggle. Because
the PLC program cycles repeatedly and quickly, actions can occur
multiple times on a pressed switch (for example) unless one of
the conditions that caused the action is changed with the action.
This is what the marker bits are for. (In this case, it is not
too important that the action only be taken once, but it could be
critical in other applications.) The SEND commands are for
debugging purposes only.

AQ0z50

PURGE

C21=£ff3a ; CPU MUX byte

M21=C21.0 ; YMIL (Y minus limit)
M22=C21.1 ; YPLL (Y plus limit)
M23=C21.2 ; YJPL (Y jog plus)
M24=C21.3 ; YIMI (Y Jjog minus)
Ciz=asa’ ; Empty area in memory
M31=C22.0 ; Marker bit for M21 & M22
M33=C22.2 ; Marker bit for M23
M34=C22.3 ; Marker bit for M24
M35=C22.4 ; Controls when pots are read
SET35 ; Always set (for now)
Cil0=febc ; A/D 0 input register
Cll=fe8Be ; A/D 1 input register
Ci2=£fe90 A/D 2 input register

Cl3=£391 ; A/D 3 input register

P8=40 So max P7 of 255 gives 10240
t64 ; Accel/decel time

F1024 ; Full speed for rapid move
X(P2+P10) ; Rapid move

F(P13) ; Feedrate for coarse move
X{(P3+P10) ; Coarse move

F(P14) ; Feedrate for medium move
X(P4+P10Y) ; Medium move

F(P15) ; Feedrate for fine move
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X (P5+P10)
DWE (P 6)
F1024

X (P1+P10)
END

wme Wp Wg Wy
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Fine move

Wait in final position
Full speed for retract
Retract move

*************************************t***********i************t***

PLC branches to set the P parameters for the above move. Control
panel switches (to be replaced by buttons into Machine Inputs),

analog pots, and a handwheel encoder form the user interface.
******t************************************************tx**x******

IF M21=1 -5 -YMIL_ & YPLI _both.set

AND M22=1 ; means hold switch set

AND M31=0 ; Not set last cycle

THEN P2=AX ; Param. gets current position

AND M31=1 ;

Mark that has been set

AND SEND "RAPID_ENDgPOSITION_SBT"

IF M21=0 ;
AND M22=0

AND M31=1 ;
THEN M31=0 ;

IF M23=1
AND M24=0
AND M33=0
THEN P3=AX
AND M33=1

™e WMy ™g wg W

If hold switch released

Not released last cycle
Mark that has been released

YJPL set

but YJIMI not set

YJPL not set last time
Param. gets current position
Mark that has been set

AND SEND "COARSE_END_POSITION’SET"

IF M23=0 ;
AND M33=1 ;
THEN M33=0 ;

IF M24=1
AND M23=0
AND M34=0
THEN P4=AX
AND M34=1 ;

Mo Me mg w,

-

YJPL released
Not released last cycle
Mark as released

YIJMI set

but YJPL not set

YIJMI not set last time
Param. gets current position
Mark as set

AND SEND "MEDIUM_END*POSITION_SET"

IF M24=0 ;
AND M34=1 ;
THEN M34=0 ;

IF M23=1 ;
AND M24=1 ;
AND M33=0 ;
AND M34=0 ;
THEN P5=AX ;
AND M33=] ;
AND M34=] ;

YIMI released
Not released last cycle
Mark as released

Both YJPL and YJMI set is

Prejog (=) switch set
Not set last time
Ditto

Param. gets current position
Mark as set
Ditto

AND SEND "FINE_END_POSITION_SET"

°
14

This branch converts potent.
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IF M35=1
THEN P7=C10,2

AND
AND
AND
AND
END

P13=C1l1,2
P14=C1l2
P15=C13
Pé6=(P7*P8)

me WMo Ws Wo Wo Wy W wg
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voltages into speed and time
parameters.

Always true (for now)

Prelim value for dwell time
Coarse speed

Medium speed

Fine speed

Dwell time in bin msecs
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EXAMPLE 51

TIME-BASED FOLLOWING PROGRAM WITH THUMBWHEEL-CONTROLLED
RATIO AND BACKGROUND CONTROL

This program controls two axes that are slaved to an open-loop
master axis. This is for a printing application, where the
printing roll is run open loop. The pull roll, which maintains
tension on the paper as it comes out of printing, and the knife
roll, which cuts the paper to size (one cut per revolution), are
both slaved to the print roll. The pull roll must match surface
speed with whatever size print roll is being used, so the circum-
ference of the print rpoll. is _entered. on..thumbwheels, and the
following factor computed from the thumbwheel value. The knife
roll matches the print roll revolution for revolution, regardless
of print roll size, so no thumbwheel is needed. However, because
of the gear ratios and encoder resolutions, the following factors
do not work out exactly right and there is some drift. The PLC
program monitors this drift and issues corrections repeatedly as
needed so there 1s no net drift. To bring the knife roll into
phase with the print roll, there are pushbuttons to advance and
retard the knife.

X-axis controls knife wheel and Y-axis controls

pull roll.

This program assumes:

** 2500 line per rev encoder on print roll;
quadrature channels into X handwheel input;
index pulse into X user flag input;
encoder rotates 2x for each print roll rev;
4x decoding used (i29)

** 1024 line per rev encoders on both slave axes
4x decoding used for both (i39, i59)

** Knife roll (X axis) motor/encoder rotates 3x
for each knife roll rotation

** Pull roll (Y axis) motor/encoder rotates 72/28x
for each pull roll rotation

** Pushbutton wired into MI5: when pressed, causes
thumbwheels to be read again

; ** Thumbwheels only used for Y axis now (pull

; roll): left 5 digits of 2nd row of board

; (£fb9 addresses 4,5,&6). Entry should be

; circumference of print roll to 1/1000 inch.

; ** Pushbuttons to phase in X axis (knife roll)

; ** Coarse advance (+10 counts) into MI1

; ** Fine advance (+1 counts) into MI2

; ** Coarse retard (-10 counts) into MI3

; ** Fine retard (-1 counts) into MI4

; ** Default assignments for M11-M15 as matching up

; to MI1-MI5 have not been disturbed

65498 ; Lo make sure beginning gets done

Se Sa Ne Na Se Se Ne Ne Ne Se Ne g

Na N we N,

1160 ; ditto
A0z100
PURGE

378




APPLICATION NCTES AND
FURTHER EXAMPLES

Parameter definitions

@
14

I16 0

£100

T100

DWEZ200

Cl0=£ffb8 ; Parallel port input address
C09=£f£fbS ; Parallel port output address
C29=ffca ; User flag interrupt adcress
M29=C29.6 ; True when has been interrupted
C2l=a3a’ ; Empty memory location (PARAB)
C22=a3a8 ; 2nd empty memory location (PAR)
M21=C21.0 ; Control bit to start read
M22=C21.1 ; Control bit to increment read
M31=C21.2 s -Marker bit for MI1

M32=C21.3 ; Marker bit for MI2

M33=C21.4 ; Marker bit for MI3

M34=C21.5 ; Marker bit for MI4

M35=C21.6 ; Marker bit for MIS5

M36=C21.7 ; Bit to control parameter change
M30=C22.0 ; Marks any pushbutton pressed
M63=C22.1 ; True after first index captured
i00 0 ; No following error shutdown
il2 60 ; Default calc time -- < delay
i27 10 ; Following factor

147 2048 ; Following factor

iz 3 ; pProper capture of interrupt
114 0 ; Make sure no analog time control
i28 3 ; X position following inactive
i48 3 ; Y position following inactive
i62 1 ; Turn PLC on

RESET P ; Make all zero to start

SET P10=96 ; damping & counts -> frac

SET P13=32 ; counts -> frac

SET P3=147456 ; Numerator term for pull roll
SET P4=815885 ; Denominator term for pull roll
SET P1=4915 ; X-axis move in 50 milliseconds
RESEZT 31 ; To mark as not pushed

RESET 32 ; Ditto

RESET 33 ; Ditto

RESET 34 ; Ditto

SET 35 ; M35 set so will read thumbwheels
RESET 36 ; S0 147 not changed immediately
RESET 63 ; M63=0 to mark first index
GOosuB 00 ; Initial read of thumbwheels
Il6 3 ; Put in X time base following
DWz200 Make sure all is calculated

mm ffca,l
<1

T50

FOR O

Enable interrupts
Accel/decel time:
Move time

loop until external stop

instant at 1lst

GOSUB 00 IF (M35=1)
SET P1l1=(P1+P12/P10)
SET P12=0
U(pll) Vv

NEXT
END

; To read thumbwheel value

(P2)

; move both axes in sync
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00

wp We %s ws

mm ffbSg, 6

SET PI= O

SET PS=1

GOSUB 03

SET P7= (P7+P8*P9)
mm ffb9,5

SET P9=10

GOSUB 02

SET P7=(P7+P8*P9)
SET P9=100

GOSURB 03

SET P7=(P7+P8*P9)
mm f£fb9, 4

SET P9=1000
GOSUB 02

SET P7=(P7+P8*P9)
SET PS=10000
GOSUB 03

SET P7=(P7+PB*P9)
RESET 35

SET P2=(P3*P7/P4)
RET

; This subroutine
; hand digit of a
; and returns the
LO2

SET P8=0
CASE 10,
SET PB8=0
SET P8=1
SET PB=2
SET PB=3
SET P8=4
SET P8=5
SET P8=6
SET P8=7
SET PB=8
SET P8=9
RET

10H

l
°
4
°
14
°
[4
s
?
14
®
s
s
8
s
°
14
4
14
°
I
I
14
4
4
.
r
L4
7

--Read_lo_nibble
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R EREEEEE R EEEEEREREEEE R R R R R R R R R

Main thumbwheel decoding routine

o P WK W K K W K KK KR KK XK KK KK R W R KW KK T R T WO K K RN T R K vk kKK R TR R

This subroutine reads the left 5 thumbwheels of
the bottom row of the first thumbwheel board
and assembles into a single value -- possible
range of 0 -- 99,999

Set address 6 (1’s digit)
To start
Multiplier: 1’s digit to start

=>. P8
Add into value
Set address &
For 10's digit

(10's & 100’s)

Read hi nibble -> P8
Add into value
For 100's digit
Read lo nibble -> P8

Add into value

Set address 4 (1lK’s & 10K'’s)
For 1000’s digit
Read hi nibble
Add into value
For 10000’s digit

Read low nibble -> P8

Add into value for final value
So will not read again

New Y delta move

End of main subroutine

~-> P8

decodes the value of the right-

pair of thumbwheels

(high nibble)

value in P8

o
14

Digit value is in C10

; This subroutine decodes the value of the left~hand

; digit of a pair of thumbwheels

(low nibble) and

; returns the value in PS8

LO03
SET P8=0
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CASE 10, 10L ; Digit value is in C10

SET P8=0 |
SET P8&=1 :
SET P8=2

SET PB=3

SET P8=4

SET P8=5

SET PB=6

SET P8=7

SET P8=8

SET P8=9

RET

*****************'*********************************

Pushbutton routines for temp. advance of pull roll
Pressing a button changes speed -- releasing it
changes it back. Other buttons are ’locked out’
until the first one pressed is released.

M1l is MI1 -- coarse advance button
M12 is MI2 -- fine advance button
M13 is MI3 -- coarse retard button
M14 is MI4 -- fine retard button

We We W™e Mo Wy Wy N Wp Wp wg

M31,M32,M33, &M34 are marker bits for M11-Ml4
M30 marks if any buttons are pressed

IF M11=0 ; Coarse advance pushed
AND M30=0 ; but none already down
THEN P15=P15+320 ; 10 count advance

AND M31=1 ; To mark that it is pushed

AND M30=1 / To mark that any is pushed
AND SEND "Coarse advance Pushed"

IF M12=0 ; Fine advance pushed

AND M30=0 ; but none already down
THEN P15=P15+32 ; 1 count advance

AND M32=1 ;7 To mark that it is pushed

AND M30=1 ;7 To mark that any is pushed
AND SEND "Fine advance Pushed"

IF M13=0 ; Coarse retard pushed

AND M30=0 ; but none already down

THEN P15=P15-320 ; 10 count retarding

AND M33=1 ; To mark that it is pushed
AND M30=1 ;/ To mark that any is pushed

AND SEND "Coarse Retard Pushed"

IF M14=0 ; Fine retard pushed

AND M30=0 ; but none already down
THEN P15=P15-32 ;1 count retarding

AND M34=1 ; To mark that it is pushed

AND M30=1 ; To mark that any is pushed
AND SEND "Fine Retard Pushed"

; These PLC branches mark release of a button
IF Mll=1 ; button not pressed
AND M31=1 ; but just was
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THEN M30=0 ; To mark no button pushed
AND M31=0 ; To mark as not pushed
AND SEND "Coarse advance Released"

IF Ml2=1 ; button not pressed

AND M32=1 ; but just was

THEN M30=0 ;7 To mark no button pushed
AND M32=0 ; To mark as not pushed
AND SEND "Fine advance Released"

IF M13=1 ; button not pressed

AND M33=1 ; but just was

THEN M30=0 - ¢ -To-mark..no hutton pushed
AND M33=0 i To mark as not pushed

AND SEND "Coarse Retard Released"

IF Ml4=1 ; button not pressed

AND M34=1 ; but just was

THEN M30=0 ;7 To mark no button pushed
AND M34=0 ; To mark as not pushed

AND SEND "Fine Retard Released"

; This branch acts on push of button to MI5
; Since MI5 has reverse polarity of MI1-MI4 (high
; true) and button is low when pushed

IF M15=1 ; 'Reread’ button pressed
AND M35=0 ; but not already
THEN M35=1 7 Set so thumbwheels will be read

AND SEND "Thumbwheel Read Pressed"

; This branch causes startup of index-triggered
; position correction routine. It captures the

; X position and sets the ’desired position’ equal
; to it. The factor of 32 (P13) is used to make

; sure overflow i1s handled correctly.

IF M29=1 ; User flag tripped

AND M63=( for the first time

THEN P14=HX Captured X position

AND P15=(P14*P13) Desired position = this

AND P12=0 No incremental move to catch up
AND M63=1 ; No longer first time thru

AND SEND "UserFlagTrippedlstTime"

Mo we Ng ws 0w

; This branch acts on subsequent index-pulse cap-

/ tures. It compares the actual captured position

; to the desired position, and causes an incremental
; move to make up the distance.

IF M2%9=1 ; User flag tripped

AND M6€3=1 / not for the first time

THEN P14 = HX ; Captured X position in counts
AND P15=P15+196608 ; Add 6144 counts * 32

AND P14=(P14*P13) ; To bring to fractional counts
AND P12=(P15-P14) ; # of fractional counts behind
AND "wffca,1" ; To re-enable interrupts

END
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EXAMPLE
USE OF PARABOLIC MODE FOR TRAPEZOIDAL MOVES

This program provides a profiled back and forth move which is
done at a rate set by a 4-digit thumbwheel value. Two things are
noteworthy about this program: first, the use of parabolic mode
to do trapezoidal moves. This is done so that the transitions
start and stop at exactly the points specified in the program (if
the moves were defined by standard trapezoidal commands, the
specified positions would be passed sometime during the transi-

tions). What has to be kept in mind here is the relation between
distance (U), -velocity (Vn)..and.time.(t) to keep the desired pro-
file for a segment: U = V * t for a constant velocity segmenxz;

and U = 1/2 * (V1 + V2) * t for an acceleration segment. Second,
the program can perform the move at different speeds by allowing
the feedrate override value (% value) to be set by the thumb-
wheels. A reading of 9999 gives full speed; 0001 gives the mini-
mum speed (0000 means zero speed, which means you get stuck in
the program by executing it at =zero rate). The % wvalue is
actually set using the buffered POT command.

A0z100

PURGE

SET Cl0=ffb8

SET C20=febd

SET M20=C20.5

Clear program buffer & subrout.
Empty the PLC buffer

Parallel port input address
Address of control bits

Data gathering control bit

t40
U-6400:-1800

Decelerate segment
-1.6 revs ending at -1800 rpm

SET P10=64 ; Scales thumbwheel to % value
SET P11=10 ; Ditto

106 68905 ; So feedrates can be set as RPM
SLEW 65535 ; Immediate change in % value
GosuB 00 ; Read thumbwheels -> P7

SET P1=(P7*P10/P11l) ; Convert to % value

POT (P1) ; Set execution rate

SET20 ; Start data gathering

100 ; Accelerate segment

U10000:3000 ; 2.5 revs ending at 3000 rpm
t120 ; Slew segment

024000:3000 ; 6 revs at constant 3000 rpm
t60 ; Decelerate segment

UB400:1200 ;7 2.1 revs ending at 1200 rpm
£100 ; Slew segment

Uugo00:1200 ; 2 revs at constant 1200 rpm
tl?7 ; Accelerate segment

Ul1724:1800 ; 0.431 revs ending at 1800 rpm
t81 ; Slew seament

US772:1800 ; 2.443 revs at constant 1800 rpm
t52 ; Decelerate to stop

U3104:0 ; 0.776 revs ending at 0 rpm
t100 ; Accelerate back

U-10000:-3000 ; -2.5 revs ending at -3000 rpm
tl83 ; Slew segment

U-36600:-3000 ;7 =9.15 revs at constant -3000 rpm
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£75
U-9000:-1800
t50

U~-3000:0
RES20

END

L0O

mm ffb9,1
SET P7=0

SET P9=1
GOSUB 02

SET P7=(P7+P8*pQ
SET P9=10

SET P7=(P7+P8*P9
mm f£fb%,0 ;
SET PS%=100

GOSUB 02

SET P7=(P7+P8*PS

APPLICATION NCTES AND
FURTHER EXAMPLES

Slew segment

-2.25 revs at constant -1800 rpm
Final deceleration

~1.5 revs ending at 0 rpm

End data gathering

®o We We Wp We

Subroutine to read thumbwheels
2nd pair of TWs on top row

To start

Multiplier: 1’s digit to start
Read hi nibble -> P8

; Add into accumulated value

; 10's. digit

Read low nibble -> P8

lst pair of TWs on top row
100's digit

Read hi nibble -> P8

; Add into accumulated value

SET

GOSUB 03

SET
RET

L02
SET

CASE 10,

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
RET

LO3
SET

CASE 10,

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
RET

14
)
GOSUB 03 ;
)
)

PS=1000 1000’s digit
Read low nibble -> P8

P7= (P7+P8*P9) ; Add into accumulated value

; Subroutine to decode right digit of pair
P8=0
10H ; value in hi nibble of C10
PE=0
P8=1
PE=2
P8=3
P8=4
P&=5
P8=6
PB=7
P8=8
P8=9

; Subroutine to decode left digit of pair
P8=0
10L ; value in lo nibble of C10
P§=0
P8=1
P8=2
P8=3
PB8=4
pP8=5
PE=6
P&=7
P8=8
P8=9
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EXAMPLE 53

THUMBWHEEL~-CONTROLLED S~CURVE MOVES o

This program performs an index move whose length is determined by
4-digit thumbwheel input. The thumbwheel digits are located at
addresses 6 & 7 of the thumbwheel multiplexer board. The TW
value will be interpreted as hundredths of an inch if Machine
Input 5 (MAI5/ -- pin A28 of JMACH) is not forced low (normal
state), or as tenths of a millimeter if it is forced low. The
thumbwheels are read the first time thru the pProgram; thereafter
they are only read if Machine Input 6 (MAI6/ -- pin A27 of JMACH)
has been taken low since the beginning of the last move (use a
normally open switch that closes to ground). A move is done each
time the STEP/ input (pin 9 on JPAN) is taken low. FEach move has
S-curve accel. and decel. achieved achieved using CIRCLE4 mode.
The profile is different depending on whether the move is less
than or greater than 21 inches. On a given side of this bound-
ary, different move lengths are done by changing the length of
the constant-speed part of the move.

A0z100

PURGE

; Parameter setting and definition
C25=ffb8 parallel port input
Cz2l=a3a’ unused memory space

M26=C21.1 ; Marker bit to read TW’s
Cl0=az267 ; MSByte of P10

M10=C10.7 ; Sign bit of P10

C20=£febd ; For data storage

M20=C20.5 ; Data storage control bit
P11=968%811 ; Conversion from mm to counts
P12=100000 ; Conversion divisor

P13=246154 ; Conversion from in to counts

; Buffer program starts here

START ; Step input causes run til STOP
SET 26 ; So thumbwheels read 1st time
DWELL 80 ; So the setting of bit takes
FOR O ; Loop indefinitely

GCsUB 00 IF (M26=1) ; Read thumbwheels if told to
SET 20 ; Start data storage

CIRCLEA4 ; Put into S-curve mode

t(P2) ; 1/2 of accel time

U(P3) ; accel distance

t (P4) ; slew time

U(P5) ; slew distance

t (P2) ; 1/2 o0f decel time

U(P3) ; decel distance

DWELL 0 ; To catch end of move for store
RESET 20 ; End data storage

STOP ; To await next run signal

START ; Step input causes run til STOP
NEXT

END
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100 ; Thumbwheel reading routine

mm ffb9,07 ; Address low two digits of thumbwheel
GOSUB 02 / Read low digit (hi nibble) -> P8

SET P7=(P8) ; Accumulate value in P7

SET PS=10 ; Multiplier for 10’s digit

GOSUB 03 / Read hi digit (lo nibble) =-> P8

SET P7=(P7+P8*P9) ; Add into P7

mm ffb3,06 ; Address hi two digits of thumbwheel
SET P9=100 ; Multiplier for 100's digit

GOSUB 02 ; Read low digit (hi nibble) -> P8

SET P7=(P7+P8*PY9) ; Add into P7

SET P9=1000 ; Multiplier for 1000’s digit
GOSUB 03 ; Read hi. digit (Lo nibble). -> P8
SET P7=(P7+P8*PS) ; Add into P7

GOSUB 04 IF (Ml15=1) ; For metric scaling

GOSUB 05 IF (M15=0) ; For English scaling

RESET 26 ; Thumbwheels have been read
RET

L02 ; Decodes right digit of TW pair
CASE 25, 10H ; Branch on high nibble of C25
SET P8=0

SET FE8=1

SET P8=2

SET P8=3

SET P8=4

SET P8=5

SET P8=6

SET P8=7

SET P8=8

SET PB=9

RET

L03 ; Decodes left digit of TWw pair
CASE 25, 10L ; Branch on low nibble of C25
SET P8=0

SET P8=1

SET P8=2

SET P8=3

SET P8=4

SET P8=5

SET PB=6

SET P8=7

SET P8=8

SET P8=9

RET

.04 ; Metric scaling routine

SET P10=2250 ; Shortest OK move (in mm/10)

SET P10=(P7-P10) ; Compare to specified length
GOTO 40 IF (M10=0) ; Not too short

SET P7=2250 ; Too short =-- make OK

140

SET P10=8915 ; Longest OK move (in mm/10)

SET P10=(P10-P7) ; Compare to specified length
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GOTO 41 IF (M10=0) ; Not too long

SET P7=8915 ; Too long ~- make OK

O
SET P10=5334 ; Longest ‘short’ move

SET P10=(P10-P7) Compare to specified length

SET 02 IF (M10=1) Mark for long move

RES 02 IF (M10=0) Mark for short move

SET Pl=(P7*P11/P12) Convert to encoder counts

e We We Wo Wy

GOSUB 06 Calculate move parameters
RET

L05 ; English scaling routine

SET P10=886 ..; .Shortest OK move {(in_in/100)

SET P10=(P7-P10) ; Compare to specified length
GOTO 50 IF (M10=0) ; Not too short

SET P7=886 ; Too short -- make OK

L50

SET P10=3510 ; Longest OK move

SET P10=(P10-P7) ; Compare to specified length
GOTO 51 IF (M10=0) ; Not too long

SET P7=3510 ; Too long —-- make OK

L51

SET P10=2100

SET P10=(P10-P7)
SET 02 IF (M10=1)
"RES 02 IF (M10=0)
SET Pl=(P7*P13/P12)

Longest ’‘short’ move
Compare to specified move
Mark for long move

Mark for short move
Convert to encoder counts

Ne Ne My Wp mg W,

GOSUB 06 Calculate move parameters
RET

L06 ; Long move calculation routine
GOTO 60 IF (M10=1) ; For long move

SET P2=72 ; Short accel time

SET P3=862 ; Short accel distance

GOTO 61

Le0

SET P2=108 ; Long accel time

SET P3=2160 ; Long accel distance

Lol

SET P5=(P1-P3) ; Total length minus accel len
SET P5=(P5-P3) ;/ & minus decel length

SET P4=(P5*P2/P3) ; Slew time propor. to slew dist
RET

IF Mlé=1 ; TW read button pressed

AND MZ6=0 ; but wasn’t pressed before
THEN M26=1 ; then set marker bit

END

m:applicat.not 389
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UNDERSTANDING SMCC’S TIME BASE CONTROL

The SMCC has sophisticated and flexible control of the time base
used in servo programs. For the novice user, the default
settings are satisfactory for a wide variety of applications, and
there is no need to worry about an understanding of how SMCC
handles these issues. For the more advanced user, the card
provides many capabilities to tailor the card to special
applications requiring various rates of execution. For these
people, some understanding of the methods SMCC uses is essential
to achieving the desired results. This application note is
intended to provide that understanding.

Servo Cycle Time

As sent from the factory, the SMCC has a servo cycle time of 976
microseconds (usec). That 1is, every 976 usec, SMCC does the
calculations to close the feedback loop, sending a new command to
the amplifier, and also updates the trajectory position. The
basic unit of time in the motion program is the binary
millisecond (1/1024 sec). These are the units of the 't/ and ’T’
commands, and implicitly the time set by 'F’ commands. Many
users need to know no more than this to operate their systems.

Now we look at how SMCC sets these values. Parameter i05
controls the servo cycle time. The value of i05 is the starting
value of a counter that counts down once every microsecond. When
it gets to zero, an interrupt is generated that starts the servo
cycle calculations for an axis, and the counter is reset to i05.
At 105's default value of 487, this happens every 488 usec, with
alternating cycles for the X and Y axes. This means that each
axis has a 976 usec servo cycle time. The general formula is

Servo cycle time (usec) = 2 (i05 + 1). (1)

If you have a multiple-card system, the i05 value on card AD
controls the servo cycle time for all of the cards. It sends out
the servo inpterrupt signal on the daisy-chained SYNC line. On
each card jumper E2 controls whether the card sends or receives
this signal. This Jjumper should be installed on card A0 (send),
and removed on all the rest (receive).

Programming Time Units

The "percent" (%) value, together with i05, controls what the
programming time units are (units for T and t commands) . The
formula for the time units is

65536 * Servo time (usec) 65536 * 2(i05+1)
dT (useC) = =wmeemmm e e .

% value % value (2)

For the default values of 105 = 487 and dT = 1/1024 sec (=976.5¢
usec), we get a % value of 65498, (65498 is to 65536 as the
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servo cycle time of 976 usec is to the time unit of 976.56 usec.)
The parameter 107 sets the % value on power-up Or reset; the
value of 107 as sent from the factory is 65498. The range of %
and 107 values is 0 to 65535.

The time units for DWELL commands are determined by i07, not the
% value (substitute ‘i07’ for '% value’ in Equation 2). This
allows DWELL times to stay the same even as the % value is
varied. (However, the Standard SMCC inserts a ‘t’ time between
consecutive DWELLs, and this time varies with the % value.) If
you want your standing-still time to vary with the % value, use a
U0 command, a WX0 command, or, on the Parabolic SMCC, a DLY
(delay) command.

By changing the % value, we can cﬂéﬁéé the-réte'of eiecution of a
program without changing the path it follows at all. For
example, the program

X=0
¥Y=0
t256
T768
X1000 Y1000

takes 1024 time units (T + t) to execute. At the default values
of 105 = 487 and % = 65498, the time units are 1/1024 sec, and
the move takes 1 second. If the % value were instead 32749 (half
of 65498), each time unit would be 1/512 second, and the move
would take 2 seconds.

> % Problem_#l: I1f you wished your time units always to be 1/1000
sec (1 millisecond), with 105 = 487, what value would you want
for 1072 (Solution at end of note.)

On-line Time-Base Control

There are four ways to change the % value after power-on or
reset. First is the on-line (non-buffered) $N, n command. The
"N’ argument 1s the new desired % value. The ‘n’ value is the
amount that the current % value is incremented each servo cycle
(called the slew rate). If no 'n’ argument is given, the last
commanded slew rate is still in effect. The default slew rate
value on power-up or reset is always 64. For the standard servo
cycle time, this corresponds to changing over the full range of %
values in one second. The range of slew rate values is 0 (no
change -- a value of 1 means 64 seconds to cover the full % range
at standard servo cycle) to €5535 (which always causes a change
to the new desired % value in one servo cycle) . Execution of a
N, n command begins immediately upon rreceipt by the card. A %
command with no arguments is a reqguest for the current % value.

Motion Buffer Time-Base Control

The second way to change the % value is through the use of the
motion buffer commands POT N and SLEW n. The POT N command, when
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encountered during the execution of a program, causes the % value
to move toward N at a slew rate controlled by the most recent
SLEW n command or % command with an ’n’ argument.

Voltage Time-Base Control

The third way to control the % wvalue is through an external
analog voltage level (usually from a potentiometer) with 114 = 1.
This voltage is input to the card at the ANA? pin (J1-Cl), and
processed through an 8-bit A/D converter, whose digital value is
multiplied by 256 to give the % value. Zero volts in corresponds
to a % value of zero; +5 volts in corresponds to a % value of
256*255 = 65280. (With the analog input conditioning option
(#3), the -full.range.of inputs._is. =10V.top +10V.). This mode is
intended for manual control of speed of program execution; it is
not intended to be very precise on the control of time. Do not
try to control the speed of execution of multiple cards this way;
the A/D converters on the different cards cannot be guaranteed to
convert exactly alike, and loss of synchronization will result.

Freguency Time-Base Control

The final way to change the % wvalue is through an external
digital frequency (as from a "master encoder") brought in at the

handwheel input with i16 = 2 or 3. This input signal can either
be quadrature or pulse and direction; parameter i129{i49] controls
how SMCC will decode the signal. In either case, you should

ensure that the counter always counts up: counting down causes a
negative time increment that cause the algorithm to blow up.
Parameters 127 and/or i47 control the conversion of the input
frequency to a % value.

This mode is very useful for synchronizing the moves of a servo
system to some external speed, usually the speed of some material
flow. An encoder is simply geared to the flow, and its signal is
fed to SMCC(s) -- multiple cards stay synchronized. It also can
be used to control the speed of execution of multiple cards
synchronously off a single potentiometer by passing the pot
output through a voltage-to-frequency (V-to-F) converter and
feeding the resulting fregquency into the handwheel inputs of all
the cards; since this is fundamentally a counting operation, all
the cards can perform this identically.

In most master-slave synchronization applications, it is not
necessary to think in terms of actual % values; one instead
concentrates on the proper 127 [i47] values to keep the system
properly synchronized. The procedure for setting these values
1s gquite straightforward. (The procedure, as explained below,
assumes that 105 = 487. 1If i05 is set to another value, 127[i47)
scale with 105+1.) First, select an input count frequency that
you are sure will never be exceeded in your application. It is
best to pick this value so that when it is expressed in
counts/bin. msec., it is an integer for the Parabolic SMCC, and a
power of two for the Standard SMCC. For instance, if your
maximum input fregquency is 50,000 cts/sec, you could select a
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value of 51,200 cts/sec (50 cts/bin msec) for the Parabolic SMCC,
or 65,536 cts/sec (64 cts/bin msec) for the Standard SMCC.

The equation for selecting the conversion parameters for
Parabolic SMCC is

Max. input freq. (cts/bin msec) 127
——————————————————————————————— = ————— (3)

If our maximum input frequency is 50 cts/bin msec, we could use
i27 = 50 and 147 = 32768, or i27 = 25 and 147 = 16384. It is the
ratio between the parameters that is important. The legal range
of 127 and .i47 is 0 .to 65535. - -

On the Standard SMCC, the conversion equation is

Max. input freg. (cts/bin msec) 1

““““““““““““““““““““““““ = e (4)
8 * 32768 127

If we have set our maximum input frequency at 64 cts/bin msec, we
get an i27 value of 4096. With only one conversion parameter,
the Standard SMCC has less flexibility in setting conversion
factors.

Once these conversion factors have been determined, the user
simply writes his program as if the system were always running at
this maximum frequency (running in "real time"). For instance,
if at this maximum input frequency, the slave system needed to do
a back and forth move once per second to stay properly
synchronized, we could write a program such as

TS12 ; 1/2 second in "real time"
FOR 0 ; infinite loop

X10000 ; forward move

X0 ;7 backward move

NEXT ; end of loop

This program would then stay properly synchronized to the input
freguency at all freguencies lower than this maximum. (At this
maximum, the % value would average to be 65498, thus running in
"real time" with time units in binary milliseconds.)

For smooth operation, the input frequency should be several tens
cf thousands of counts per second. What the card actually does
in this mode is to take the number of counts that have occurred
during the last servo cycle (usually about a millisecond), and
scale this value by 127 (and i47 in the Parabolic SMCC) to yield
a % value. The time unit for the next servo cycle, which is
proportional to the commanded position increment, is scaled to
this % value. For example, if the input frequency is between 3
KHz and 4 KHz, on some servo cycles 3 counts will have passed; on
others 4 will have passed (even at constant frequency). There
will be a 33% difference in the position increment between the 3-
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count cycles and the 4-count cycles. However, if your input
frequency is between 50 and 51 KHz, there will only be a 2%
difference between the 50-count cycles and the 5l-count cycles.
The higher the input frequency, the smoother the operation --
maximum input count frequency is 2 MHz.

***Problem #2: You wish to synchronize an operation on a
Parabolic SMCC to a linear material flow. The material can
potentially move at up to 150 in/sec. As the material moves, it
turns an 8 inch circumference wheel attached directly to a 1000
pulse per rIev. encoder. You wish to complete an operation cycle
for every 75 inches of material that passes. How should you set
i27, i47, and the time for an operation cycle?

Changing Servo Cvcle Time

The vast majority of SMCC users can operate satisfactorily at the
uefault servo cycle time of 976 usec (i05 = 487). There are two
basic reasons why someone may wish to change this. The first is
in a system where this cycle time is too long for adequate
stability or smoothness of the servo loop closure. This usually
occcurs in systems that have very fine-resolution feedback
devices, such as micron-pitch linear encoders, or laser
interferometers. 1In this case, the user would reduce i05 to try
to get the desired performance.

Reduction of 105 must be done with care. The more it is reduced,
the more often background tasks are interrupted to perform the
servo cycle calculations, and the higher the percentage of time
(servo duty cycle) spent on these calculations. The background
tasks that get interrupted include trajectory planning, status
monitoring, PLC programs, and communications, all of which take
longer as 105 is reduced. It is very possible to take i05 low
enough so that near 100% duty cycle is reached, and no
communications with the card is possible, even to increase i05!
In this case, the card must be reset, restoring the default wvalue
cf 105, in order to restore communications. It is not possible
to store new values of 105 in permanent memory, because that
would make it possible to get into a no-communications state that
even a reset would not fix!

1f only one axis is being controlled, i15 should be set to 1 so
that no Y-axis servo calculations are performed. All background
tasks should be kept to a minimum: a low communications rate, a
small PLC, and longer-time moves (if the card cannot complete the
planning calculations for a move -- done in background -- before
the move starts -- the card will cease program execution and lock
up) . The exact limits are very application dependent: the user
must experiment in his own environment. With light background
load, it may be possible to get down to i05 = 250 for a single-
axis application, or to i05 = 400 in a dual-axis Situation.

The other common reason to change servo cycle time is to provide

more time for background tasks (for instance, very heavy
communications and/or a huge PLC program) . In this case, i05
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should be increased. The limit to the amount of increase will be
determined by the maximum cycle time that gives satisfactcry
servo performance, which is system dependent.

With a different 105, the user must also change i07 to keep the
desired time units. Equation (2) still governs the time units.
To keep the time units as binary milliseconds, i07 changes in
proportion to i05 + 1. This is possible if i05 is reduced from
487, but not if it is increased, because of the limited upper
range of i07. At higher values of i05, it will be necessary to
define a different basic time unit: say, 1/512 second.

In addition, the servo filter parameters will need to be changed.
In general, as..i05 decreases, i20[i40]).(proportional.gain) can be
increased slightly, 1i21[i41] (derivative gain) and 122[142)
(feedforward gain) increase inversely proportional to i05,
i30[i50] (acceleration feedforward gain) increases inversely
proportional to the square of i05, and i23[i43) (integral gain)
decreases in proportion to i05.

***problem #3: You are running a (single-axis) SMCC system that
requires a very tight servo loop, and you have had to reduce i05

to 300 to get adequate stability. What should your i07 value be
to keep your time units in binary milliseconds?

Solutions

***Spolution #1: Rearranging Equation 2, and solving for the %

value (and so for 1i07), we get 107 = % value = 65536 * 2 =%

(105+1) / dT = 65536 * 976 / 1000 = 63963.

***Solution #2: First we calculate the maximum input count rate:
15C in rev 1000 pulses 4 cts 75000 cts

We use 4x decode because we want as high an input frequency as

possible. The maximum rate is equivalent to 73.23 cts/bin msec.
Since we need an integer, we will use 75 cts/bin msec (= 76800
cts/sec). From Equation 4, 75 / 32768 = 127 / i47; so we set

127 = 75, and 147 = 32768.

Since we rounded up our maximum input frequency from 75000 to
76800 cts/sec to make the math work, we must adjust our maximum
(real time) material speed to match: 150 in/sec * 76800 / 75000

= 153.6 in/sec. We wish to know to the time taken to move 75
inches at this speed:

75 in sec 1024 bin msec
————————————— = 500 bin msec.

We yould write our program so that the total time (probably using
T times) for an operation cycle is 500 bin msec.
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***Solution #3: We can use a rearranged Equation 2 to solve this:

, 65536 * 2 * (301)
i07 = % value = =—cccmmmmee = 40340.

1000000 / 1024
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USING SMCC’S DATA GATEERING FOR INTERMITTENT PROBLEMS
OR SIMULTANEQOUS MULTIPLE-CARD GATEERING

Sometimes in an SMCC application, there is an intermittent
problem that it would be desirable to catch with the data
gathering problem without personally supervising every machine
cycle. If the problem is such that SMCC will automatically stop
running the program, or it triggers some status (e.g. following
error warning limit) that the PLC can notice and stop the
program, you can catch the problem with data gathering.

This is done by gathering data on every cycle through the problem
area. -O0f.course, each time data is gathered, it overwrites the
last cycle’s data, but if you can make the problem time the last
time, you will have the problem data.

A similar technique works for gathering data on multiple cards
simultaneously, which the standard procedure on the PC is not
able to do directly.

R a Data Gatherin

A simple example of repeated data gathering is shown in the SMCC
program HOLDPLOT.SMC. £Each time through the FOR-NEXT loop, M21

is set. This is a bit in otherwise unused memory whose sole
purpose is to get the PLC program to issue the 'y’ command that
sets up data gathering. This command is normally sent from the

host program, such as the SMCC Terminal Program, but to do it
repetitively, we must do it from inside the card.

The first argument of the ’‘y’ command (which is 4 in this
example) sets the period of the data gathering. Technically, it
is the log base 2 of the gathering period in servo cycles -- 0
means every cycle, 1 every second cycle, 2 every 4th, and so on
up to 7 for every 128th cycle. Here we are gathering every 4th
cycle. The second argument is the number of bytes to gather each
time. 4 bytes gathers X position only, 8 bytes gets X and Y
position, 12 bytes gets X and Y position plus X following error,
and 16 gets position and following error for both X and Y axes.
In this example we want X position and following error, so we use
12.

There 1s a DWELL command between the setting of the control bit
and the setting of the data gathering bit. This is to allow the
PLC time to act. When the data gathering bit is set (M20 here),
SMCC starts gathering data and storing it in empty buffer space
starting after the program storage, overwriting what was there
befcre.

Look at the dialog terminal screen for the running of the

program. After the program is started with an "R", every time
the "y" command is given from the PLC, SMCC tells the host what
the starting storage address is. This is a two-byte hexadecimal
number, least significant byte first. In our example, it comes
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out as "b4ad4". Reversing the bytes, we see that storage starts
at address a4b4.

When the SMCC program stops running (here because it has
completed all four loops, but it could be because of a problem),
the user should type "y" into the terminal program. SMCC will
return the address of the end of the gathered data (in this

example it returns "34ac"). The bytes of this address must be
flipped (here it gives ac34). From this subtract the beginning
location to get the length (ac34 (hex) - a4b4 (hex) = 780 (hex) =

1920 (decimal)).

Next, turn on the disk storage option with ALT-F6. Now bring the
data_backuro~Ihe“computer~andfstaxe_an_disk.wizh;. -

d {start(hex)},{length(dec)}
In our example, the command is: da4db4,1920

SMCC will respond by sending all of its data back. It will
scroll through the screen and get stored on disk. Now hit the
ESCAPE key and answer 'y’ to the question to exit the Terminal
program.

In response to the DOS prompt type:
COPY TERMDATA.SMC HOLDPLOT.PLT

(The second file name can be whatever you want it to be, but the
first must be TERMDATA.SMC.) Now reenter the SMCC Terminal
program, go into the Editor with F10, and load HOLDPLOT.PLT by
hitting F1l, 1, and typing HOLDPLOT.PLT for the file name to be
loaded. Now we must add the file header info so the plotting
routines can make sense of the raw data. Hit Alt-I four times to
add four blank lines to the top of the file. In the first line,
type the second argument of the 'y’ command the PLC gave (in this

case, 12). In the second line, type the first 'y’ argument
{here, 4). In the third line, type the value of i05 (usually
487) . Make sure you add an empty fourth line. Now re-save the

file with Fl, 2 <ENTER>.

Finally, hit ESCAPE to get out of the Editor, and ALT-F10 to get
into the gather and plot routines. Hit F3 to load the file into
the plotting buffers, specifying HOLDPLOT.PLT as the name of the

file. Now you are ready to plot, print, or display the data just
as 1f it had come directly from the card.

Simultaneous Data Gatherine In Multiple Cards

A similar technique can be used to gather data in multiple cards
simultaneously and bring it back to the computer. The Data
Gathering and Plotting Section of the SMCC Terminal Program does
not allow this directly, so we must use the terminal mode to do
this manually.
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The cards should each have a motion program in them that sets and

resets the data gathering bit simultaneocusly. Before running
these programs, give each card individually the ‘y’ command to
set up the data gathering -- something like the following:
AQy4,12
Aly4,12

To each line, the addressed card will send back the starting
storage address, least signficant byte first. Write these values
down. Now run the programs on all the cards simultaneously, with
an ’‘AAR’. When the programs have finished, find out where the
end..of .the_storage _on.each card is with “AQy’, ‘Aly’, .and so on.
Calculate the length of each storage buffer as shown above.

Now turn on the disk storage option with the ALT-F6 key. Next
bring back the captured data from the first card with:

A0d {start(hex)}, {length(dec)}

When the transfer to computer and disk is complete, exit the
program. Change the name of the file as done above, something
like:

copY TERMDATA.SMC HOLDPLTO.PLT

Re-enter the SMCC program, turn on the disk storage option, and
bring back the data from the second card with:

Al {start(hex)}, {length(dec)}

Exit the program and copy theinformation in TERMDATA.SMC to a
different file name. Repeat these steps for as many cards as you
had storing data.

When this is done, re-enter the SMCC program and call up the
program editor. Add the header information to each file as shown
in the previous section, and re-store the modified files. You

will now be able to plot, display, or print the data from any of
these files.
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SMCC’S TORQUE-LIMIT MODE

An SMCC motion controller with the Parabolic software option has
a special torque-limiting mode that has several important uses.
This mode is entered by using the TORQUE command (short form:
TOR) . TORQUE is a buffered program command, so it will be used
in either of two ways. 1If i02=0 (not MDI mode) and there is an
open motion program buffer, this command will be entered into the
buffer and executed at the proper point in the program flow when
the program is run. If 102=0 and the motion program buffer is
not open, the TORQUE command will not be accepted and SMCC will
report an -error. .If i02=1_(MDI mode), the TORQUE command is
taken immediately and the card is put in torgue-limiting mode
coincident with the start of execution of the next pProgrammed or
homing servo command (but not a jog -- to do a torque-limited jog
in MDI mode, first command a DLY 20, for instance, to enter
torque-limited mode).

The TORQUE command works by preparing the torque-limit mode bit
to be set at the beginning of the next programmed servo command.
This bit 1i1s at SMCC memory address febf, bit 5. To do torque-
limited jogs, it may be easier to set this bit directly, which
allows the user not to have to enter MDI mode and not to have to
give a programmed servo command before the jog to enter torque

mode. For example, once an M-function has been assigned to this
bit by "C25=febf" and "M25=C25.5", then a torque-limited jog can
be performed by the on-line commands "M25=1" and "J". Having

this M-function declared also facilitates status checking and
exiting torque-limit mode (see Torque-Limited General Moves,
below) .

Torgue-limited Hominc Moves

The first use of torque-limiting mode is with a homing move.
Normally, a homing move looks for an external signal or combina-
tion of signals (home switch and/or C-channel) to find the home
reference position. However, in torque-limiting mode, it looks
for the condition where the magnitude of the following error has
exceeded the warning following error limit (i10). It takes the
actual position when this condition occurs as the home reference
signal. This allows homing into a hard stop. The following
error will be small as the axis is running freely, because the
actual position is following the commanded position quite close-
ly. When it hits the stop, the commanded position continues to
increment, but the actual position stops changing. This causes
the following error to build up until the 110 limit is exceeded.
The actual position at this time is the home reference position
(the zero position after home can be different by use of the
125[i45) parameter -- home offset). Tripping the following error
limit automatically takes the card out of torque-limiting mode.
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Torgue~Limited "Go-Until®™ Moves

The second use o0f torque-limiting mode is with a "Go Until® move
(e.g. X100000750). When not in torgue-limiting mode, this type

of move is looking for an external trigger -- usually from a
registration mark -- just like a homing move. In torque-limiting
mode, this is looking for the i10 following error limit to be
exceeded -- just like a homing move in torque-limiting mode. The

actual position of the axis at the time when 110 is exceeded is
the reference position to which the value after the ~ symbol is
relative (in our example, the axis will try to control to 50
counts past this position).

This type..of .move allows.the..axis-to _reach_.a..position relative to
an unknown hard stop. If the relative value is past the hard
stop, the axis will push against the stop with a steady torque.
(In general, there should be no integral gain when doing this, or
the command output will quickly saturate.) If the relative value
is not past the hard stop, the axis will hit the stop, then back
off from it. Tripping the i10 following error limit automatical-
ly takes the card out of torgue-limiting mode.

Torque-Limited General Moves

The last use of torque-limiting mode works with general moves,
programmed and jog. In these cases, if the normal increment of
commanded position according to the desired trajectory causes the
i10 following error to be exceeded, the increment is reduced so
that the following error is only egqual in magnitude to i1i10. This
slows down or even stops the move if excess resistance is found,
and also has the effect of limiting the torque that the axis will
use. This type of move is very useful in pulling material, such
as a web or strand, that has limited strength; or in dynamometer
testing. In this use, the card stays in torgque-limiting mode
indefinitely, and it must be manually removed from the mode.
The torgque-limit mode bit is bit 5 of SMCC memory location febf
(hex) . This bit should be set to zero to take SMCC out of
torque-limiting mode (assign an M-function to the bit, and set it
to zero at the desired time, either on-line, in the motion pro-
gram, or in the PLC).

What Determines the Torgue Limit?

In a torque-limited move, the SMCC output (which is directly
related to torque in a current-loop amplifier) is actually limit-

ed by one of two factors. First, there is an output limit di-
rectly defined by i32([i52). This limit is always active, even in
non-torque-limited moves. Second, the following error limit,

110, can limit the output because it limits the size of the error
that enters the PID loop (it really limits the output only if the

integral gain is zero, which it always should be in torgque-
limiting mode) .

Which of these limits controls the output first depends on the
actual parameter values. The command output value, in bits, is
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Out (n) = (120/2048) * [FE(n) - i21*AV(n) + i22*DV(n) +
(130/4) *DA(n) + (123/4096)*IE(n) ]

where 120 is the proportional gain (i40 for Y)
FE(n) is the following error for cycle n
i21 is the differential gain (i41 for Y)
AV(n) is the actual velocity for cycle n
122 is the velocity feedforward gain (i42 for Y)
DV(n) is the desired velocity for cycle n
i30 is the acceleration feedforward gain (i50 for Y)
DA(n) is the desired acceleration for cycle n
i23 is the integral gain (i43 for Y)
IE(n) is the integral of the following._ error at cycle n

In most torque-limit cases this relationship can be significantly
simplified. First, the integral gain can be zero. Second, the
feedforward gains can often be ignored, either because they are
zero, or because the desired velocity and acceleration are low.
In the case of running into a stop, the actual velocity is zero
and the equation reduces to:

Out (n) = (i20/2048) * FE (n)

You can substitute i32 for Out(n), and see what the maximum
following error that increases output is. Then you can substi-
tute 110 for FE(n) and see what the maximum cutput that can be
produced is. Whichever has the lower level is the controlling
factor. In these types of moves, it is often desired that 110
limit the output, because higher outputs may be desired when not
against a stop, and it is nice not to have to change 132 depend-
ing on the situation.

The case of a running torque-limit move is basically the same for
a current-loop amplifier when i21 and i22 are egual (this is
usually the case on these systems), because the actual and de-
sired velocities almost cancel. Usually in these moves, the user
will use 132 to limit the torque directly. The above equation
can be used Just to make sure that i10 does not limit the output
to a lower value. (What often happens here is that higher load
torque causes the PID loop to ask for a higher output than i32;
132 limits the output, which causes the axis to fall behind until
the 110 limit 1s exceeded, which reduces the requested velocity).
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USING TEE SMCC DUMP UTILITY

The SMCC "Dump" utility program for the IBM PC and compatible
computers 1s designed to allow the SMCC to continuously run
programs bigger than its program buffer. Dump takes advantage of
the dynamic and recirculating nature of the SMCC program buffer
by overwriting already executed program lines. By repeatedly
polling the status of the buffer, it makes sure it keeps feeding
new commands in advance of when they are needed, but does not try
to overwrite any commands not yet executed.

Using the Dump program is very easy. The program to be dumped
must be in an ASCII disk file on the PC. The file could have
been .created. by_the SMCC.Terminal Program Editor, by .the SMCCAD
conversion program, by a word processing program that can create
ASCII files, or by a custom program.

In response to the DOS prompt, simply type dump file.ext, where
"file.ext™ is the name of the program file to be dumped (these
usually will have the .SMC extension). No further user action is
needed. The program will immediately start to load the first
block of program lines and command the card to start running the
program. Then it will monitor the buffer until a good portion of
the block of program lines has been executed, at which point it

will load the next block. This process is repeated until the
entire program has been loaded. Dump reports to the PC screen as
it loads each block and as it waits until the next block. An

explanation of how Dump does this is contained in the
applications note "Using SMCC’s Program Buffer in Recirculating
and Other Modes".

The program being dumped should not have any branching or loops
in the main body of the program. If any of this is required, it
should be put in subroutines and placed at the top of the file.
Dump automatically adds the line "A(0z1000" to the top of the
cprogram file as it sends it to the SMCC(s). The timing of
sending subsequent blocks is dependent on having the main program
buffer near 1000 lines long. Remember that any subroutines and
PLC programs must reside in the remaining memory -- 790 lines
with the standard memory. Programs can be dumped to more than
one card (if daisy-chained together), but the user must include
the program lines to clear the other cards (e.g. Al12z1000) and
control all of the card addressing in the file.

The Dump program will communicate over the COMI1 port at 9600 baud
and a x1 clock speed multiplier unless there is a file SMCC.DAT
in the default directory. This file is created by an SMCC
Terminal program Version 3.5 or older when the communications
configuration is changed and saved. If you wish to use another
communications configuration, you must set it up using one of
these older versions of the SMCC Terminal program. Dump can
communicate over the COMl or COM2 RS-232 interfaces at various
baud rates and clock speed multipliers (which determine how long
to wait for the interface to be ready again), or over Delta Tau’s
bidirectional parallel interface at various PC bus addresses.
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RE-INITIALIZING SMCC

There may come a time when a user must essentially "empty out®
SMCC and start over again. The most likely thing to cause this
condition is an errant PLC program saved in permanent memory that
dominates the communications channel so much that the user
cannot disable or erase the program. Typically a PLC program
that triggers a message to the host (SEND " ") or a command for
the SMCC ("___ ") repeatedly (i.e. the condition that caused this
action was not immediately set false) will virtually lock up
communications with the host. (It is good practice not to save a
PLC..program in.permanent. memory._until it has been .thoroughly de-
bugged. A problem PLC program that is only in active memory can
be eliminated by a hardware reset or by cycling power.) This
note explains the procedure for re-initializing SMCC, which can
eliminate the existing programs, including the offending PLC
program. '

This re-initialization procedure may also be used to set the I-
parameters to factory default values and/or to check the opera-
tion of the inputs to SMCC. 1In short, when things are thoroughly
messed up and nothing else seems to work, this is a good proce-
dure to use, in order essentially just to start over.

The procedure involves hardware lines on the 26-pin JPAN connec-
tor (J7 on the standalone SMCC, Jl1 on the SMCC-PC SMCC-VME and

SMCC-STD), particularly the INIT/ line (Pin 15 -- the button into
this line is usually called RESET) and the STOP/ line (Pin 10 --
the switch into this line is usually called ABORT). Delta Tau's

ACC-16 control panel is ideally suited for this task; however, it
is not difficult to rig low-true switches to the connector if
there is no control panel. To perform this procedure, there
should be either a 2 x 40 character LCD display attached to the
JDISP connector, or a terminal emulator program such as the SMCC
Terminal Program on a host PC ready to talk to the card. SMCC
messages are sent to both the display and the communications port
during the initialization process.

Starting the Procedure

Start the procedure by holding the STOP/ (Abort) line low, bring-
ing the INIT/ (Reset) line low and releasing it. SMCC will enter
a special mode with its outputs disabled (for the duration of the
initiailization procedure). It will briefly display the PROM
version and date with a message like this:

DELTA TAU DATA SYSTEMS
11/15/838 VERSION 2.80P

Then SMCC will prompt with this message:
RUN FOR PRESENT PARAMS
STEP FOR DEFAULT PARAMS

406




APPLICATION NOTES AND
FURTHER EXAMPLES

Selecting Re-initialization or Not

If you wish to keep the I-parameters and the programs that you
currently have saved in permanent memory, take the STRT/ (Run --
Pin 8) line low and release it. If you wish to set up the card
with the factory default parameters and no programs, take the
STEP/ (Step -- Pin 9) line low and release it.

If you have selected the default parameters, you will be present-
ed with several more choices, selectable in the same manner as
above:

-+ +w=. - —RUN_FQOR BRUSHLESS_ PARAMS=—==——w- |
| = STEP FOR STANDARD PARAMS |

\_/ \_/
RUN FOR 1 MOTOR PARAMS RUN FOR 3-PHASE PARAMS
STEP FOR 2 MOTORS PARAMS STEP FOR 4-PHASE PARAMS
!
\_/

RUN SYNCHRONOUS PARAMS
STEP INDUCTION PARAMS

(When you are done with this re-initialization of the SMCC, you
will probably want to change many of these default values.
Hopefully, you have already stored your values in a file on disk
in the computer so they can be downloaded easily. You may want
to make sure your motors cannot be enabled after the initializa-
tion 1if you are taking the default pParameters, because the de-
fault 139 and 159 values may set you up for runaway conditions.)

Switch Test

After you have set the I-parameters, you enter the "switch test®
portion of initialization, which allows you to check the func-
tionality of the hardware inputs to SMCC. You will be prompted
with a line telling you which input is expected. You advance to
the next stage either by taking that input low (the limits are to
be taken high) or by taking the STOP/ line low, which circumvents
that test. You will see the following prompts:

SWITCH TEST RUN (STRT/ -- Pin 8)
SWITCH TEST STEP (STEP/ -- Pin 9)
SWITCH TEST HOLD (HOLD/ -- Pin 12)
SWITCH TEST HOME (HOME/ -- Pin 11)
SWITCH TEST EQUAL (PREJ/ -- Pin 7)
SWITCH TEST JOG +X (XJPL/ -- Pin 6)
SWITCH TEST JOG =X (XJMI/ -- Pin 4)
SWITCH TEST JOG +Y (YJPL/ -- Pin 5)
SWITCH TEST JOG -Y (YOMI/ -- Pin 3)
SWITCH TEST LIMIT +X (XPLL on JMACH)
SWITCH TEST LIMIT -X (XMIL on JMACH)
SWITCH TEST LIMIT +Y (YPLL on JMACH)
SWITCH TEST LIMIT -y (YMIL on JMACH)
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Once this part of the test is finished, you will be able to test
the encoder and handwheel inputs. You will be shown a display
looking something like this:

ENC~X ENC-Y HW-X HW-Y
0 1 3 65535

which displays the least significant sixteen bits of the counter
registers for each input. The motors are disabled, so they may
be turned by hand at will and the results observed on the dis-
play. Likewise, any handwheel encoders may be turned and the
results observed. When you are done with this portion of the
test, take.the..STOP/. line.low-momentarily, and_the SMCC will
commence normal operation.

After the Procedure

At this point, you may have changed the parameters and programs
in active memory (RAM), but the non-volatile memery (EAROM) has
not been changed. If you want to change the EAROM, you must
"save" the contents of RAM into EAROM with the "s" command.
First you will probably want to re-load certain parameter values
and programs (although not any offending program segments, of
course) .
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CONSTRUCTIVE USE OF EXTRA SMCC MEMORY SPACE
Some sophisticated users of SMCC may find themselves limited in
number of variables, and want to effectively extend the number
using empty memory space in the SMCC. This application note is a
guide to this technique.

Where to Look for Space

The first place to look is the space explicitly reserved for this
purpose. In the Standard SMCC, this is 36 bytes starting at
address a200 (2200 -- a223); in the Parabolic SMCC, this is 12
bytes starting at.a3a7.({a3al --.a3b2). .This .space is always
free.

The second place to look is in the program buffer. This can have
two areas of unused memory: first, between the end of the main
motion program and the beginning of the subroutines; and second,
between the end of the subroutines and the end of the PLC
program, which starts at the other end of the buffer space.

This memory must be used with more care. First expanding the
motion program, subroutines, or PLC program could overwrite the
memory you are using. Second, in the Parabolic SMCC, the data
gathering routine uses the area between subroutines and PLC to
hold the sampled data before it i1s sent to the computer.

The motion program memory starts at address a400 in the Standard
SMCC, and at a4l4 in the Parabolic SMCC. There are four pointer
variables that tell you where the unused memory is past this
address. STPTR (storage pointer) holds the address where the next
line of the main motion program would go. STEND (storage end
pcinter) holds the address of the end of the space reserved for
the main program; it is the address of the first line of the

subroutines. The address held by STEND is set by the most recent
‘zn’ command, which reserves 'n’ lines (4 bytes per line) for the
main program (e.g. ’'z40’ reserves 160 bytes (a0 hex) before the
subroutines, so STEND would be at ad4l14 + a0 = a4b4 on the
Parabolic SMCC). LBPTR (subroutine library pointer) holds the
address where the next subroutine line would go. Finally, BGPTR

(background PLC pointer) hclds the address where the next PLC
program line would go.

Thus, the two spaces for possible use are 1) in between the
addresses held by STPTR and STEND, and 2) in between the
addresses held by LBPTR and BGPTR (remember, the PLC program
extends beyond the BGPTR location to the end of the buffer) .

All of the pointers are two-byte values (to hold a Sixteen-bit
address), with.the least significant byte of the address held in
the least significant byte of the pointer. The addresses of the

pointers themsleves are (their contents hold the addresses of
these key buffer points):
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Pointer Standard SMCC Parabolic SMCC

Name Address Address

STPTR a2fa,a2fb a3b5, a3b6

STEND " a2fe,al2ff a27c,az27d

LBPTR a2fc,a2fd az27e,a2lf

BGPTR az2f6,az2f? a2B80,a281
These addresses can be read using the ‘r’ on-line command. Two
bytes can be read at once with this command. For instance,
‘ra27c,2’ on the Parabolic SMCC will return the address of the
beginning of the subroutines. However, it will do so LSB firs+;

so if it returns ’"bd4ad4’, the address is really ‘a4db4’.

What region of this usable space you‘ﬁsémis dependent on your
application. If you plan to do data gathering, use the area in
between STPTR and STEND. If you plan to eXpand one of the three
program areas, stay away from that end of the empty space.

How to Use This Space

The first and most common use of this space is for user flags for

control logic. To do this, simply define a C-function to an
unused byte (e.g. C2l=a4b4), and then up to eight M-function to
bits of this C-function (e.g. M21=C21.0, M22=C21.1). These bits

can then be set and cleared at will in the motion and/or PLC
programs.

The second use is for temporary storage of P-variable values so
that the P-variables themselves may be freed up for other use.
P-variables are 4-byte values, so the C-functions to do this
should be defined four bytes apart (e.q. C22=a4b8, C23=a4bc,
C24=a4c0). The only place the values of C and P variables can be
exchanged is the the PLC program. Typically, a flag bit is set
in the motion program to trigger this branch of the PLC. It is
imperative to allow time for the PLC program to make the switch,
which means making sure that the PLC program can go through a
full cycle before the motion program uses the new values. In the
Standard SMCC, there should be two servo moves or dwells in
between the time that this bit is set and the time that the new
P-variables are to be used, because the calculations will start
immediately after the beginning of the second move. In the
Parabolic SMCC, only one move in between is needed if the move
time 1is enough longer than the calculation time (i12) to allow
the PLC to cycle fully before the calculations start. An example
of how this might work is shown below:

Motion Program Segment
SET21 ; This is set at start of decel or dwell
DWELLZ20 ; No calcs done during this move
DWELLZ20 ; Calcs below start at the beginning of this
P4=(P1*pP2/P3) ; This will use the new P values
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PLC Program Segment

IF M21=1
THEN C22,4=(P1) ; Store P values in C-functions
AND C23, 4= (P2) .

AND C24, 4= (P3)

AND P1=C25,4 ; Put previously stored values back in P
AND P2=C26,4

AND P3=C27,4

AND M21=0 ; So this is only done once at a time

There would be a similar routine to make the switch the other
way. This technique could, of course, be extended to handle a
lot more storage locations. It is even possible to keep re-
defining .C-function locarions_during_the execution of the
program. : )
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AVAILABLE ON ROM VERSIONS

SOFTWARE UPDATES FOR SMCC "PARABOLIC® .
(11/7/89 V2.78 P & V), (11/14/89 Vv2.79 P & V), AND GREATER

Several updates (corrections and improvements) have been made to
the parabolic version of SMCC as follows:

Changes for SMCC V2.78 P and V _and Higher

1) . -A_new. buffer command,."tt," was. added which controls the Go
Until, """ command’s calculation time independently of i12.

2) To eliminate the initial "il12" calculation delay time before
a move is started, a new buffer command, "WUT" is provided.

3) A new backlash take-up mode is provided where the backlash
is taken up for any operating mode including jog and hand-
wheel. Parameter i80 specifies the slew rate.

4) For 180° (half circle) circular interpolation, where the
specified radius is too small, an error band is provided for
rejection of the move, parameter i81 specifies the tolerance
band.

5) The MDI mode has been improved to provide better handshake
timing and prevent lost data in transmission.

6) An automatic reset cycle was added for the ACC-14 and oPT-7
piggyback boards.

7) Tests were run on a six-pole motor with two-pole resolver
versus sSix-pole motor with six-pole resolver, and it is
established that PLC and background calculation time con-
sumption is increased by a factor of slightly less than two
for the two-pole resolver. Effects of using a display unit
(ACC-12) was also examined.

Changes for SMCC V2.79P2 and Hicher

8) Allows the g’ command to be followed by any other command
on the same line. This is to be used in the MDI mode to
alter destination without stopping. Example: "X10000

Y10000" followed by "gX5000 YS000" during the first move

will break into that move and towards the second destina-
tion.

Each of the above is now described in detail:
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APPLICATION NOTES AND
FURTHER EXAMPLES
"t COMMAND

In normal operation, the SMCC uses an il12 time of 20 to 50
msec. or more, depending upon the application. The go until
command """ currently uses il2 time to calculate its new
destination after the external trigger is received. The
"tt" command is specifically provided for setting the calcu-
lation time of the "*" command, and is used as a "buffer"
command by the SMCC.

Upon power turn-on or reset, the value of il2 is copied into
"tt," subsequently the program can set the value of "tt" to
that appropriate in the application. For example, “tt25n
sets .the "f"-commandmcaiculaticnutime_to_25mbinary msec. or
(25 x 1000) /1024 msec. If "tt" is not used, its value will
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
because 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."®

"WUT" COMMAND

The SMCC, in its normal operating mode, reguires il2 time

after it receives an "S" (step) or "R" (run) command before
a motion command is sent to the amplifier. This is undesir-
able in some applications. The "WUT" command is specifical-

ly designed to provide a means to overcome this problem and
make 1t possible to start motion nearly instantaneously by
transporting the required calculation time to a more conven-
ient time where motion does not have to start.

"WUT" is a buffer command and can be used between buffer
instructions, but gonly 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. As a
result, the following move sequence, executed with Step
command “S":
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. /"S" (step) command is issued

X5000 /Move starts but ends abruptly because

WUT /WUT is executed at the beginning of decel.
X10000 /This move is calculated but not executed.

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).. .Eor_example:

X /"S"™ (step) command is issued

X5000 /Move completes then "S" issued again

DWE 20 /Dwell is completed, "S" issued again
/Use a dwell of at least 20 to provide
/enough calculation time.

WUT /% is set to zero, X10000 move is calculated,
/but not executed.
X10000 /X10000 move can be started by issuing a trigger

/pulse at the SMCC’s Y user flag input. Motion will

/start within one to two msec. after tricger 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*v (step) commands, an
"R" (run) command was used at the start of the seguence,
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 sending 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 causes the move
to occur at full speed.

To summarize the "WUT" command’s function:

1) It is a buffer command and should be used at a point in
the program where velocity is zero to avoid instantane-
ous velocity change. Its function is to calculate the
succeeding move and passing the results to the servo
routine thus making it ready to make a move, while at
the same time automatically setting the value of "%" to
zero and preventing the motion from actually occurring.
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2) To activate the "WUT" command (cause it to precalculate
the next move), an "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 (J MACH Pin Al10, use i26 to configure trigger
polarity, etc.) which causes the % value to be set to
i07 (default 65498) instantly since the YUFL/ input
causes an interrupt at the CPU. Motion occurs within
one to two msec. of trigger reception.

Instead of.the YUFL/ trigger,_a. "CNTRL R"_ command._may .be used to
get motion started. .

It is also possible to abort the move by using "g" (abort) or "Q©
(quit) commands.

3)

BACKLASHE TAKE-UP

Currently the SMCC provides backlash control by using two
parameters, i34 for the X axis and i54 for the Y axis, which
specify the amount and direction of backlash motion (extra
motion) to be made when the direction of motion changes any-
time during program execution. Backlash is not active when
jogging or handwheeling.

A new backlash mode is now provided where the specified
amount of backlash is taken up whenever the direction of the
servo velocity is changed. This method allows backlash to
be active at all times during commanded motions, during jog,
and during handwheel operations.

Parameter 180 has been added in order to provide control in
choosing the o0ld or new backlash modes and to provide a
"slew"” contreol in the rate of backlash take-up. 180 has a
range of 0 to 15. A value of zero (i80 0) selects the old
backlash mode and is the default value for i80. Values of 1
to 15 activate the new backlash mode and also specify the
number of encoder counts per background cycle (about every
four msec.) that will be used to take up the backlash
specified by i34 [i54). For example if i34 [i54] are set to
50 and 180 is set to 10, then the 50 counts of backlash will

be taken up in approximately 20 msec. after velocity
reversal.

In order to avoid oscillations during reversal and for other
reasons, in addition to velocity reversal, a minimum of four
encoder counts of direction-reversal is also required before
backlash will activate.
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i80 cannot be used as 180 (i parameter in the buffer),
therefore this parameter cannot be changed by the program
itself and must be set up and saved with off-line commands.

4) BALF-CIRCLE INTERPOLATION TOLERANCE

When using the SMCC’s "CIR 0,1,2, or 3" command (circular
interpolation) with a specified radius and a 180° circular
arc, the destination point must be exactly two times the
radius or smaller otherwise, even an excess of one count in
the destination point would cause the SMCC to declare an
error and do a linear move instead of a circular one.

-.Even though a_splution_for this proriem exists in that two
90° arcs can be made instead of ore 180° arc, a better
solution is provided by specifying an error band tolerance
and aborting the move rather than doing a linear move.

A new parameter, 181, with a range of 0 to 15 and a default
value of 0 is implemented. The value of i81 is used to pro-
vide a tolerance in encoder counts which is checked before
the 180° circular move is made.

If the destination is smaller or equal to two times the
radius, the move is made as specified. The effect of a
smaller destination is that it causes the SMCC to make an
arc smaller or larger than 180° depending upon which circle
has been defined, CIR 0,1,2, or 3.

If the destination is greater than two times the radius but
less or equal to the tolerance set by i81 in encoder counts,
one half the excess value is added to the radius and the
move 1is then made. This means that the resulting circle
will have a radius larger than that specified in the
program, but a perfect circle will be made.

If the destination is greater than two times the radius and
greater than the 181 encoder count tolerance allowed, then
the move is aborted, no motion occurs, and the error flag is
set. In the standalone SMCC, "Error 4" is displayed.

Please note that if engineering unit scale factors are used
and RX (radius of X) and RY (radius of Y) are used, 181 will
still be compared as encoder counts regardless of scaling.

i81 cannot be used as IB81 (i parameter in the buffer),

therefore this parameter cannot be changed by the program
itself and must be set up and saved with cff-line commands.

5) MDI HANDSEAKE TIMING IMPROVEMENT
In Manual Data Input mode (MDI: i02 = 1), the timing of the

handshake signal has been improved to allow more rapid block .
execution. This is important only for those users who need
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to send rapid sequences of moves (less than 100 msec.) in
real time (when MDI mode is used). In MDI mode, the Buffer
Full (BF) line is used to provide the Block Request (BLKREQ)
signal, indicating when it is valid to send the next move
block.

In MDI mode, the host may send one move (block) ahead of the
move currently executing. If this next move is received and
processed by SMCC in time, it will blend the moves smoothly
together. This means that in order to do a blended series
of moves, the host must send a move after the previous move
has started, but enough before the end of this move that
SMCC can calculate how to blend into the new move. "Enough
.-before”. means .i12 time. (the _move calculation time) before
the time where SMCC would start to decelerate to a stop if
no further moves were received.

The BF (BLKREQ) line tells the host whether it is valid to
send the new command or not. During a sequence of moves,
BLKREQ will be high (BF/ =-- BLKREQ/ -- will be low) when it
is okay to send the next move. When the card has already
been given one move ahead, BLKREQ will be low (BLKREQ/
high), signaling that the card is not ready to accept
another move command. If one is sent, the card will
consider it an illegal command and ignore it.

When the card is not executing any moves, BLKREQ will be
low, even though it will accept a move command. If the
host program cannot tell from its internal logic that it is
in a state before a sequence of moves has begun, it must
look at the In-Position (IP0OS) signal as well as BLKREQ.
IPOS is high only when the card is not executing a move and
it is within the in-position band set by 101 (it is a good
idea to set a sufficiently large i0l in this case). It is
all right for the host to send a move with BLKREQ low if
IPOS is high, subsequently, only a BLKREQ high state needs
to be looked at for sending data.

The procedure for sending a series of moves is as follows.
The first move will be sent with BLKREQ low and IPOS high.
As soon as SMCC recognizes this as a move command (two to
three msec.), it will take BLKREQ high. (The host should
never try to send commands faster than this -- it could
catch SMCC faster than the card could respond to changes in
its own status.) As soon as it starts this move (112 time
later), it will take IPOS low, where it will stay as long as
moves are being executed. With IPOS low, and BLKREQ high,
SMCC is executing a move, but it is okay to send the next
move (the host will not need to look at IPOS any more during
this continuous sequence of moves).

Now the logic goes in a loop. Having determined it is wvalid
to send the next move, the host sends it. When SMCC recog-
nizes it as move (two to three msec.), it takes BLKREQ low,
telling the host not to send any more moves. At this point,
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SMCC is still executing a move and has a second move in the
MDI buffer that it is ready to execute. When the present
move finishes, SMCC starts the second move and takes BLKREQ
high, signaling that it is ready to receive the next move.
The host had been polling BLKREQ, waiting for it to go high
again before sending the next command.

If the host is sending the commands as ASCII strings, it can
(and should) send all of the command except for the carriage
return before BLKREQ goes high. When it sees BLKREQ go
high, it need only send the carriage return. If the
commands are binary (DMA) the host should wait for BLKREQ
high to send the whole command.

If the host has not sent the next command in advance of i12
time before SMCC would start decelerating, SMCC takes BLKREQ
low, signaling that it is not ready to take a command and
blend it to the present move, because there is insufficient
calculation time. 1If this happens the host must wait until
the move is completely done, and start up again as a new se-
quence.

If the host sends data only after BLKREQ goes high, it
should wait about four milliseconds (data processing time)
after the completion of data transmission before it polls
BLKREQ again. This gives the SMCC the time it needs to set
BLKREQ properly. Polling too gquickly can cause the host to
think the SMCC is ready when it really isn’t.

AUTOMATIC RESET CYCLE FOR ACC-14 AND OPT-7

When the Accessory 14 (ACC-14) or Option 7 (OPT-7) boards
are used with SMCC to expand I/0 capability, the SMCC
currently does not "zero" initialize these automatically and
it is therefore necessary to perform the reset operation via
the user program or a PLC program.

The initialization procedure of the SMCC has been changed to
automatically set all ACC-14 I/0 lines as inputs anc the
Option 7 D/A converter tO zero upon power turn-on or reset.

SIX-POLE MOTOR OPERATION

Tests were conducted to determine the effect of six-pole
motor commutation with a two- or six-pole resolver on
background calculation time. The test consisted of writing
a single PLC loop statement which toggled an output at

maximum rate and measuring the output frequency. The test
results are as fcllows:
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= 1) six-pole motor, two-pole resolver -- QOutput period 7.5
nmsec.
= 0) sSix-pole motor, six-pole resolver -- Output period 4.0 msec.

These results indicate a two to one improvement in PLC oper-
ation time and are consistent with the fact that the six-
pole motor with two-pole resolver has to perform a division
by three (iS50 = 1) which requires more time to calculate.

The effect of this is that when using the 6/2 combination,
all minimum recommended times for "tt," il12, "t,"™ "T," etc.,
have tO be nearly twice as large since all recommended times

. are based.on a four_to five msec. background cycle time.

Also, the effects of using various displays (ACC-12, 12a,
12B) were examined and it was determined that if no display
unit 1s to be used in SMCC, it is best to select il8 = 0
(default value is three) which selects the eight digit LED
display ACC-12B. The reason for this is that SMCC performs
the display calculations at all times regardless of whether
a display is actually used or not, and the ACC-12B has the
fastest and shortest display calculation time. The
improvement in background time is in the order of three
percent shorter when using i18 0 instead of i18 3.

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 com-
manding the new move preceded by a lowercase "g." 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 112 time after receiving the
command.

Example:

1021 ; 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 move and alter the trajectory
to proceed to this new destination

ms we %y wp Wy

mnlsmcc:applicat .not 420
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1/T Velocity Measurement Info

Absolute
Absolute
Absolute
Absolute
Absolute
Absolute
Absolute
Absolute

AC Induction
AC Induction
AC Induction
Acceleration
Acceleration
Acceleration

78
Encoder Base Address (i64[i65))
Encoder Data & Strobe Polarity (i76[i77))
Encoder Parameters (Parab SMCC)

Encoder Setup

Encoder/Resolver Offset (i70[i71))
Encoder/Resolver Size (i72[i73))
Movement Program Commands

Position Sensor Overview

Motor Mag. Current (i142/i52)

Motor Setup

Motor Slip Gain (i45/i51)

Feedforward Gain (i30[i50))

Time Parameter (i08)

Time, Differences in Parabolic

79 170

Accel/Decel Time Set Program Command (t)
Accessories Listing

Address Map (See Memory Map,

I/0 Map)

Address of Card -- Selection

Address of Highest Card Parameter

(119)

Altered Destination Moves

Amplifier Connection Diagrams
Amplifier Connection Information

336
29

337
309

Amplifier/Motor Connection Procedure

Analog
Analog
Analog
Analog
Analog
Analog

Control Output Description
Input
Input
Input
Input
Input

Conditioning Option (#3)
Control Mode Parameter
Description
Potentiometer Connections
Register Locations

Desc.
(114)

Arctangent Function for PLC

A/D Converter Mode Parameter
Background PLC
Backlash Compensation Parameters

(114)
(See PLC)

(134[1i54), i80) 81

Basic Operational Checks
Baud Rate Selection
Beginning Examples

Bit Definitions

(See M Functions)

Block Diagram

Branching
Brushless
Brushless
Brushless
Brushless

Buffer Commands
Buffer Purge
Buffer Purge

Program Commands
DC Motor Phase Finding Time
DC Motor Select Parameter
DC Motor Setup

DC Motor Star/Delta Connection
(See Motion Buffer,
(Motion Program)
(PLC Program)

(152)
(113)

(148)
PLC Commands)
Command

Command

Burr-Brown Terminal Use 'Examples

Byte Definitions

(See C Functions)

C Definition Default Assignments

314

42

85

53
119

338
311

12

94

54

112

36

102
109
296

138

315
83
93
89

187
91
91

118

187
87
38
87
80
62

182

116
13

317
72
420
340
312
26

355A
66

342A
203
131
66

416

23
317
224

115
87
65

313
86

108
124
298
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C Function Definition Commands

C Function Query/Evaluation Commands 106 113
C Function Value Setting Commands

CAD Conversion Program (SMCCAD -- ACC-17)
Calculation Time Parameter (i12)

Card Address Select Command

Circle Errxor Tolerance Limit (i81)

Circled4 Mode Profiling Information

Circle4 Mode Program Examples

Circular Movement Commands

Circular Movement Examples 230
Circular Position Range Mode (i78[i79])

Circular Position Range Parameter (i37[i57])

Command Format Description

Command Summary

Communication with Host -- Selection

Communications Connector Descriptions 322 333 351
Communications Problems

Commutation Cycle Size Parameter (i40)

Commutation Encoder/Resolver Selection (i50)
Commutation Hall Sensor Offset (i45/i54) 85
Commutation Lookup Table Address (i43)

Commutation Lookup Table Param. (il5)

Commutation Offset (Hall Effect or Resolver) (i54)
Commutation On/Off Parameter (il3)

Commutation Phase Advance Parameter (i41)
Commutation Phase Finding Output Value (i53)
Commutation Phase No. (3/4) Select (i44)

Commutation Triple Cycle Definition (i50)
Conditional PLC Commands

Conditional Program Commands

Connecting SMCC to Amplifier/Motor

Connecting SMCC to Host Procedure

Connecting SMCC to Machine

Connector Listings

Connector Locations

Control Panel 10
Control Panel Connector Descriptions (J7; JPAN)
Control Panel Function I/0 Locations
Control-Character Commands

Cubic Fit Profiling Information

Current Limit (See Output Limit)

Data Gathering Information

Data (Memory) Read/Write Commands

DC Brushless Motor (See Brushless DC Motor)

DC Motor (Non-tach) System Setup

Deadband Size Parameter (i60[i61])

Deceleration Times Chart

Derivative Gain Constant (i21[i41))

Differential Gain Constant (i21[i41)])

103

114

94
158
299

232

184
184

54
354

88

15
326

171
102

122
124
127
17
65
53
417
364
386
120
265
94
82
53
141
317
355
21
84
86
313
85
67
88
65
84
88
85
86
124
113
26
21

318
335

l6
350
199
109
158

399
121

35
88
96
75
75
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Different ial Gain Time Delay Term (i22[i42})

Digital

Control Output Description

DIP Switch Settings

Direct Command Summary

Direct Control Commands
Direct Mot ion Control Commands

Display
Display
Display
Display
Display
Display

Connectors Descriptions (J5, J6)
panel Status Bit Description
position Scale & Format (i38[i58])
Type Parameter (i18)

Types (ACC-12)

vVelocity Scaling Parameter (il7)

DMA Commarlc_is ‘
DMA Communications Information

DMA Parabolic Mode Control

(163)

DUMP Program Load Utility
EAROM Storage Option (#2) Description

EEPROM Storage Option
Electrical Revolution Size Parameter

(#2) Description

(140)

Electrical Specifications
Elliptical Movement Commands
Elliptical Movement Examples

Encoder
Encoder
Encoder
Encoder
Encoder
Encoder/
Encoder/
Encoder/
Error/St

Connection Information
Data & Strobe Polarity
Jumper Descriptions (E40,E41,E42,E50)

(Handwheel) Decoding Param. (12917149))
(Position) Decoding Param. (i39[i59))

Resolver Base Address (i64[i65])
Resolver Select for Commutation
Resolver Size (i72[1i73])

atus Display Description

315
(176714771])

316

(1i50)

Event Response Program Examples

Expanded Program Memory Option
Expansion Connector Descriptions

E-Point
E-Point

Feed Hold Slew Control Parameter

Feedback
Feedback
Feedback
Feedback
Feedback
Feedback

Feedforward Acceleration Gain
Feedforward Velocity Gain

Feedrate
Feedrate
Feedrate
Feedrate
Feedrate

(#5)

(J8;
(Jumper)

(Jumper)

Descriptions
Locations

(i11)
Damping Term
Equations
Gain Multiplication Factor
Integral Gain (i23[143))
Integration Mode Parameter
proportional Gain

(121(1i41))
(130[1501))

(109)
(120[140))
(130[1i501)
(1221142))
Command for Programmed Moves
override Control Chart
override Default Parameter
Override Query Command
override (%) Commands

(F)

(107)

JEXP) 5

54 55

325

11

109

365

231

319 321

314 315

10
251 253

10 327

169

62
106

98 121

76

317
141
95
95
354
72
82
71
15
71
178
178
89
405
11
11
84

120
232
352
93
316
79
83
89
86
91
202
255
12
350
309
317
64
75
73
79
76
63
73
80
76
116
100
393
383
393
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Feedrate (Homing) Parameter (i04)
Feedrate (Jog) Parameter (i31{i51))
Feedrate (Reference) Parameter (i06)
Following Error Limit Outputs 10 313
Following Error Limit Parameters (i00,1i10)
Following Mode Control Parameter (i28([i48])
Free Memory Locations

Freeze Position for Read Command

Frequency (Time Following) Calculations

Gain Multiplication Factor (i30[i50])
Go Until Command Trigger Control (i26)
Go Until Movement Program Command (%)

Go Until: New Destination Calculation Time (tt)

Hall Sensor Phase Offset Parameter (i145/i54)
Handshake Enable Parameter (i03)

Handwheel Connectors Descriptions (J9%,J11) 315
Handwheel Encoder Decoding Param. (129[i49])
Handwheel Following Mode Parameter (i28[i48])
Handwheel Operating Mode Parameter (i16)
Handwheel Position Register Locations
Handwheel Scale Factor Parameter (i27[i47])
Hexadecimal to Decimal Conversion

Highest Card Address Parameter (il9)

Home Feedrate Parameter (i04)

Home Flag/User Flag Control Parameter (126[i46))

Homing Commands

Homing Direction Parameter (i24[i44])
Homing Offset Parameter (i25[i45))
Homing Special Routine Examples

Host Communication Mode Selection

Host Connection Procedure

Hydraulic Cylinder Connection Example

i Parameter Descriptions

i Parameter Query Commands

i Parameter Summary

i Parameter Value Setting Commands

i08, Differences in Parabolic

I2T Limits (See Output Limits)

IBM PC BRi-directional Parallel Port (ACC-10)
IBM PC Software Executive Program {(ACC-9)
IEEE~-488 Interface (ACC-13)

If-type Statements (Motion Buffer)
If-type Statements (PLC)

Incremental Movement Program Commands
Induction Motor (See AC Induction Motor)
Initialization Procedure
Initialization/Setup Command Description
Integral Gain Constant (123[143])
Integration Mode Parameter (i09)
In-Position Band Parameter (i01)

320 326
57

105

68

77

119 185
119

85 88

327 328

97

54

103 121

14

60
80
61
328
64
78
203
108
394
80
403
403
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313
59
354
79
78
67
203
78
374
72
60
77
117
77
77
263
317
21
360
56
104
137
127
182

14
171
15
113
124
118

406
56
76
63
58
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I1/0 Expansion Connector Descrip. (J8;JEXP) 5 10 327 350
I1/0 Map . : 199
1/0 Specifications 8

JDISPX, JDISPY (J5,J6) (See Display Connectors)

JEXP (J8) (See Expansion Connector)

JMACH Connector (Jl) (See Machine Connector)

Jog Commands 97 98
Jog Feedrate Parameter (i31[i51]) 80
JOPT (J12) (See Opto-22 Connector)

JPAN (J7) (See Control Panel Connector)

JPAR-RS232 (J2) (See Parallel, RS232)

JPWR (J10) (See Power Connector)

Jumper (E-Point) Descriptions 309
JXHW, JYHW (J9,J1l) (See Handwheel Connectors)
Labels for Subroutines 114
Learn Command 101
Learn Command Program Example 252
Limit Switch Information 24 29 319 321
Limit (Software) Parameters (i35{1i55),i36, [i56]) 81
Logical Operation Program Commands 122
Lookup Table Address Parameter (i43) 85
Lookup Table Select Parameter (il5) 67
Loop Control Program Commands 115
- M Definition Default Assignments 138 139
M Function Definition Commands 103 122
M Function Query/Evaluation Commands 107 113 124
M Function Value Setting Commands 104 112 127
Machine Connection Procedure 29
Machine Connector Descrip. (J1;JMACH) 319 332 350 352 353
Machine Input/Output Mapping 138 199 249
Machine Input/Output Program Example 249
Magnetization Current Parameter (i42/i52) 85 87
Manual Control Description 10
Manual Data Input Mode Parameter (i02) 58
MDI Mode Handshake Timing 346 417
MDI Mode Program Example 296
Memory Capacity 5
Memory Map -- RAM (Parabolic SMCC) 213
Memory Map -- RAM (Standard SMCC) 205
Memory Map -- Status & Control Bits 200
Memory Map -- Useful Locations 203
Memory -- Free Locations 203 409
Motion Buffer Commands 111 142
Move Calculation Time Parameter (il2) 65
Move Programming Explanations 150 367
Move Until -- See ‘Go Until’
Movement Program Commands 117 118
Multiple Card Program Example 247 294 304
Multiple Card Setup Information 20 29 309

No Motion Condition 29
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Non-Buffer Commands 95
Offset from Home Parameter (i25[i45])

Open Loop Output Commands

Ooptical Isolation of Outputs 4 311 312
Options Listing

Opto-22 Connector Descriptions (J12;JOPT) 328 351 358
Qutput Frequency Parameter (il2)

output Limit Information 8 80
output Limit Parameter (i32[i52])

Ooutput Optical Isolation 4 311 312
Output protective Limit (i33[1i53])

Overview

P Parameter Function Formats 112
P Parameter Memory Locations 203 212
P Parameter Query/Evaluation Commands 107 113
P Parameter Value Setting Commands 104 122
Panel Connector Descriptions (J7; JPAN) 326

Parabolic Card i Parameter Overview

Parabolic Card Overview

Parabolic Mode Control for DMA (i63)

Parabolic Move Examples 257
Parabolic Move Profile Explanation

Parabolic Movement Program Command

. parabolic Path Generator Option (#4) Desc.

Parabolic Profiling Information

Parallel Bi-directional Port for IBM PC (ACC-14)

Parallel Encoder Parameters (Parab SMCC)

Parallel Interface Description 5 11 322 333
Parallel I/0 Option (#1) Description

Parallel Port Addresses

Parameter Summary

PC Bi-directional Parallel Port (ACC-10)

PC Software Executive Program (ACC-9) 14
Percent Command/Value (See Feedrate Override)

Performance Specifications

Permanent Memory Save Command

Permanent Memory, Differences in Parabolic

Permanent Program Storage Options (#2,#5) 11
Phase Advance Scale Factor (i41)

Phase Finding Current Value (i53)

Phase Finding Time (i52)

Phase Number (3/4) Select Param. (i44)

Physical Specifications

PLC Action Statements

PLC Buffer List Command 109
PLC Buffer Purge Command 109
PLC Commands 123

PLC Conditional Statements
PLC Diagrams
PLC Enable Parameter (i60/162)

141
77
98

314
11

358
64

313
80

314
81

129
219
124
127
350
148
147
89
382
150
118
12
150
14
42
347
11
199
55
14
171

103
182
12
84
88
87
85

127
124
124
143
124
143

88
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PLC Program Examples

PLC Timer Program Examples

PLC Timers

Position Encoder Decoding Param. (i39[i59])
Position Feedback Device Summary

Position Following Scale Factor (i27[i47))
Position Following (See Handwheel Following)
Position Freeze for Read Command

Position Integration Mode Parameter (i09)
Position Offset from Home Parameter (i25[i45])

Position Offset -- Abs. Encoder/Resolver (170[4i711)

Position Range Mode Control (i78[i79])
"Position Range Parameter (i37[i57])

Position Register Locations

Position Scale and Format Param. (i38[i58])
POT Motion Buffer Command

Potentiometer Connections

Potentiometer Use Descriptions 8
Power Connector (J10; JPWR) 311
Power-up Procedure

Program Branching Commands

Program Branching Examples

Program Buffer Commands

Program Buffer Purge Command

Program Command Summary

Program Control Commands

Program Editing Commands

Program Pointer Locations

Programming Manual

Programming Tutorial

Proportional Gain Constant (i20[140])

PWM Frequency Parameter (il12)

PWM Output Limit Parameter (i32[i52))

PWM Output Protective Limit (i33[i53])

Reset Commands

Resolver Commutation Offset (i54)

Resolver Parameters (Parabolic SMCC)

Resolver Setup

Resolver (Coarse) Size (i74([175))

Resolver -- Fine to Coarse Ratio (i66[i67])
Resolver -- ‘Coarse’ Base Address (i68(i69])
Resolver-to-Digital Converter (ACC-15)
Resolver/Absolute Encoder Offset (1700171 0)
Resolver/Absolute Encoder Size (i72([i73])
Resolver/Brushless Motor System Setup
Resolver/Encoder Base Address (i64[i65])
Resolver/Encoder Select for Commutation (i50)
RS232 Interface Description 5 21
Runaway Condition

Sampling Time Parameter (i05)

203

66
312

310

267

105

184
184
205

121
375
314

241

95

190

16

322

237
269
130
83
187
78

108
63
77
g1
94
82

213
82

393

342A

383

328
20

114

246

112

108

142

101

107

203
49
43
73

64
80
81
97
88
42
309
93
90
91
1385
91
91
39
89
86
348
27
61
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Save (to Permanent Memory) Command
Schematics '

Second Resolver Base Address (i68[i69])
Second Resolver Size (174[1i75])

Second Resolver Speed (i66[i67])

Serial Interface Description 5
Servo Algorithms

Servo Time Parameter (i05)

Setup of AC Induction Motor

Setup of Brushless Motor Systems

Setup of Non-Tach DC Systems

Setup of Tachometer DC Systems
Sinusoidal Acceleration Example

Slave Following Scale Factor (i27([i47}1)
Siave Mode Control Parameter (i28[i48])
SLEW Motion Buffer Command

Slip Gain Parameter (i45/i51)

SMCCAD Conversion Program (ACC-17)
Software Limit Parameters (i35[i55),i36[i56])
Speed Set Command for Programmed Moves (F)
Status Bits (Display Panel) Description
Status Bytes Description (Parabolic)
Status Bytes Description (Standard)
Status Display Indicator (Board Digit)
Status Query Commands

Status/Error Display Description

Stop Condition Slew Control Param. (ill)
Stop Times Chart

Stopping Commands

Subroutine Labels

Synchronization Calculations

S-Curve Mode Profiling Information
's-Curve Mode Program Example

t Time, Differences in Parabolic
Tachometer DC Motor System Setup
Terminal Block Pinout Diagram

Terminal Block (ACC-8)

Terminal Program

Test Point Descriptions

Test Point Locations

Then-type Statements (PLC)

Three-Point Smoother Mode Profiling Info
Thumbwheel Multiplexer Board (ACC-18)

Thumbwheel Multiplexer Program Examples 302
Thumbwheel Read Examples 233 235

21

310

61

95

378
272

322
169
382

121

181
105
10

97
158

299

14

158

382
277

Time Base Control (See Feedrate Override, Time Following)

Time Following Calculations

Time Following Program Example

Time Following Scale Factor (i27[i47))
Time for Accel/Decel Command

68

78

103
348
91
93
90
348
73
396
38
36
35
32
229
78
78
393
87
17
81
116
72
201
200
202
104
10
64
96
114
114
68
364
386
182
32
334
13
171
316
317
127
364
17
386
281

392
378
394
116
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Time Scale Parameter (i07) €2 393
Time Set Command for Programmed Moves (T)

Timer PLC Program Examples 267
Timers for PLC Programs

TORQUE Motion Program Command 121
Torque-Limited Mode 121
Trapezoidal Move Profile Explanation

Trigger Calculation Time Command (tt) 119
Trigger Response Program Examp}eg . . 251 253
Triple Cycle (Commutation) Definition (i50) 41
User Flag Move Adjustment Command (~d) 119
User Flag Program -Examples 253

User Flag/Home Flag Control Parameter (i26[i46])
Velocity Command for Programmed Moves (F)
Velocity Display Time Base Parameter (il7)
Velocity Feedforward Gain Constant (i22[i42])
Velocity Filter Time Delay Term (i22([i42])
Velocity of Homing Parameter (i04)

Velocity of Jogging Parameter (i31[iS51])
Verification of Operation

Voltage-to—-Frequency Converter (ACC-8V) 13
Wait Commands (WX, WY)
Wait Until Trigger Command 119

Wrong Direction Condition
WUT Command 119
Y-Axis Disable Parameter (i15)

Zzero Velocity Program Commands 117 118

397
116
269
130
402
402
367
414
355

185
255
77
116
71
76
76
60
80
23
332
118
414
26
414
66A
119




DELTA TAU DATA SYSTEMS, INC.
OF CALIFORNIA
9036 WINNETKA AVENUE
NORTHRIDGE, CALIFORNIA 91324

(818) 998-2095 FAX: (818) 998-7807

RETURN MATERIAL FOR CREDIT POLICY

When a Delta Tau product has been purchased and received by the customer and the customer
wishes to return the product and receive credit for it, the following applies.

1. During the first 30 days after receiving the product, the customer may return the
product to Delta Tau:

a. At no charge, if the purchase order was a 30-day consignment.

b. If the purchase order was a standard purchase, then a 25% restocking
charge will be applied.

2. During the first 30 to 90 days after receiving the product, the customer may return the
product with a 35% restocking charge applied.

3. After the first 90 days, the product may not be returned for credit. In general, no
product will be accepted by Delta Tau once the 90 day limit is expired. Special
circumstances will be reviewed and the product may be approved for return, but only

with written authorization from Delta Tau specifying the applicable terms and
conditions.

NOTE: ALL RETURNED MATERIAL OR PRODUCT MUST BE ACCOMPANIED
BY AN RMA (RETURNED MATERIAL AUTHORIZATION) NUMBER

AND MUST BE SHIPPED PREPAID. DELTA TAU WILL NOT ACCEPT
C.0.D. OR FREIGHT COLLECT SHIPMENTS.

CALL THE FACTORY AND ASK FOR CUSTOMER SERVICE, TO

RECEIVE AN RMA NUMBER, BEFORE YOU SEND BACK YOUR
PRODUCT.

cm\document\policy-1







DELTA TAU DATA SYSTEMS, INC.
OF CALIFORNIA
9036 WINNETKA AVENUE
NORTHRIDGE, CALIFORNIA 91324

(818) 998-2095 FAX: (818) 998-7807

LIMITED WARRANTY
AND
RETURN MATERIAL FOR REPAIR POLICY

WARRANTY STATEMENT

Delta Tau warrants its products (SMCC and PMAC) to be free of material, workmanship, and
software defects for a period of one year from date shipped from Delta Tau.

Delta Tau Data Systems, or its designated representative, will repair, or at Delta Tau Data

Systems' option, replace any product that has been rewrned by the purchaser and is confirmed
by Delta Tau Data Systems to be defective.

Misapplication or misuse in excess of specification are not warranted and are the customer's
responsibility. This warranty shall be null and void if this product has been altered without
authorization, misused,or damaged by accident.

If Delta Tau receives a board for repair that is under warranty, and after testing nothing is
found wrong with it, a standard minimum charge will apply. For our PMAC series the charge
will be $210.00, for the SMCC series $125.00, and for the MCC series $90.00, plus any
shipping charges incurred.

DELTA TAU DATA SYSTEMS SHALL NOT BE LIABLE FOR DIRECT, INDIRECT,
INCIDENTAL, CONSEQUENTIAL, OR OTHER TYPES OF DAMAGES RESULTING
FROM THE USE OF THIS PRODUCT OTHER THAN THE LIABILITY STATED
ABOVE. THIS WARRANTY IS IN LIEU OF ANY OTHER WARRANTIES EXPRESSED
OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

REPAIR PROCEDURE

Should you require either warranty or non-warranty repair, proceed as follows.

1. Call the factory, ask for the Repair Department, and obtain a Return Material
Authorization Number (RMA#). You may then request a repair by either
sending your product in or requesting an Exchange/Repair (see 5. below).






A. Always place or write the RMA# on the shipping label and on the box.
This will prevent unintentional misplacement or unnecessary delays.

B. On a piece of paper inside the box provide the following information:

1) As good a description as possible of the problem the product
has. Preferably a technician or engineer should provide this
data. (PLEASE INCLUDE OUR FORM ENTITLED
"FAULTY GOODS REPORT" FILLED OUT TO
THE BEST OF YOUR ABILITY.)

2)  The name and telephone (and/or fax) number of the person
who can authorize the repair, and shipping & billing addresses.

C. Send the unit to be repaired, freight prepaid, to Delta Tau. C.0.D. or
freight collect shipments will not be accepted by Delta Tau Data
Systems.

If the repair of the product is Delta Tau's responsibility per warranty statement,
there will be no charge for the repairs, and the product will be returned to
customer, freight prepaid.

If the repair of the product is not under warranty or is the customer's
responsibility, Delta Tau will call you with the amount of the repair charges for
your authorization. You will then have to issue a purchase order for the repair
of your product.

Should you choose to not have the unit repaired, there will be a charge for
estimating and handling. The product will be returned to you and you will be
billed for freight charges and repair or estimate charges.

If the board is deemed irreparable, Delta Tau will provide you with an excellent
discounted price for an available board.

Normal repair time is one to two weeks. If the unit is needed in less than one
week, and a loaner board is not available, a charge of one half the minimum

amount will apply for expedited repair service.

TEMPORARY REPLACEMENT

For emergency situations and in order to reduce machine downtime, you may
request an Exchange/Repair. You must then specify precisely the product you
have with Part Number, Serial Number, Options, and Accessories. Failure to
do so correctly may result in Delta Tau sending you a wrong or incomplete
replacement product.







Delta Tau's minimum charges will apply for this service. Minimum charges
being for the PMAC - $210, SMCC - $125, and for the MCC 390, plus
shipping charges.

A. For warranty repairs, Delta Tau will ship you a replacement the
following day, using second day delivery service, freight prepaid.
Faster service will incur special handling and shipping charges.

Upon receipt of the exchange, the customer must return the defective
product to Delta Tau, freight prepaid, within two weeks or less
otherwise the customer will be billed for a new product shipment.

B. For non-warranty repairs the procedure is the same as for warranty
repairs except that the customer will be billed for shipping charges and a
flat-rate exchange/repair fee.

7. When a non-warranty repair is performed, the repair itself is warranted for 90
days for the same identical problem.

Warranty repairs are not to exceed the original warranty date, no matter when a
warranty repair i1s made last.

cm\document\policy-2






DELTA TAU DATA SYSTEMS, INC.
OF CALIFORNIA
9036 WINNETKA AVENUE
NORTHRIDGE, CALIFORNIA 81324

(818) 998-2095 FAX: (818) 998-7807

PURCHASE ORDER CANCELLATION POLICY

If a customer has issued a purchase order for the purpose of purchasing Delta Tau's
products and wishes to cancel or modify the subject purchase order, the following

a

1.

2.

pplies.

a.

a.

If the purchase order is a single order (one non-scheduled delivery):

Cancellation is free of charge if it occurs one week (7 days) prior to
scheduled delivery date.

A 5% charge is applied if cancellation occurs within one week of
scheduled ship date.

Modification of the order may be made up to the scheduled ship date and
may result in rescheduling the shipment date.

If the purchase order is a multiple scheduled delivery order:

Cancellation within two weeks (14 days) of order placement is free of
charge.

Thereafter and before the first shipment is made, a cancellation charge
will be made which is in proportion to the material ordered for the subject
purchase order. Generally a charge of 0% to 25% of the total order will
be applied, depending upon circumstances.

If cancellation occurs after the first or subsequent shipment(s) are made,
then the terms in 2b above will apply to the balance of the order as well as
a back-bill for the difference in the price charged for the units shipped
versus Delta Tau's price list and normal quantity discounts of the actual
units shipped.







document\policy-3

For example, if the order consists of 100 units at $500 each and 30 units
have been delivered, the cancellation charges could be as follows:

Price of unit per Delta Tau's standard list price: $550

Cancellation charge:

[(550-500) x 30] + [2 x 70 (500/100)]
1500 + 700
$2200.00

i







’ DELTA TAU DATA SYSTEMS, INC. OF CALIFORNIA
9036 WINNETKA AVENUE
NORTHRIDGE, CALIFORNIA 91324

(818) 998-2905 FAX: (818) 998-7807

SCHEDULED ORDER POLICY

In order to allow customers to take advantage of quantity discounts for scheduled orders, certain
requirements must be met:

’ e The product 10 be purchased must be delivered within a period of one year from the order
date. Other arrangements may be made, but will require special agreement.

® A reasonably firm delivery schedule, specifying dates and product quantities to be delivered
per shipment must be specified at the time the order is placed. The schedule may be changed
during the course of the year, however, the specified product quantity must be shipped.

e If less than the specified total quantity is taken, then the discounted price will be changed to
the price indicated on Delta Tau's standard "price list" for the subject product at the quantity

level which was actually used. A "bill back" invoice will then be issued for the difference
In price.
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’ DELTA TAU DATA SYSTEMS, INC.
OF CALIFORNIA

9036 WINNETKA AVENUE

NORTHRIDGE, CA 91324

(818) 998-2095 / FAX: (818) 998-7807

SHIPPING POLICY

Delta Tau's method for shipping within the United States, for either a new order or for an
RMA, will be to ship the merchandise UPS BLUE (or second day delivery by other carriers).
The product will arrive in two days and will be shipped by air, thus decreasing the possibility
of damage to the shipment. Delta Tau will also insure the merchandise for its full value.

The customer may specify another shipping method, if he chooses, and we will do our best to
comply.

’ Delta Tau always insures any shipment leaving from our facilities to protect ourselves and the
customer. If the customer does not want us to insure his package, we must receive complete
prepayment of the invoice's full amount prior to shipment, or a letter stating the customer's
wish for Delta Tau to waive the insurance and that the customer is accepting full responsibility
of the shipment once it leaves our premises. All shipments are F.O.B. Northridge, CA and
automatically imply transfer of product responsibility from Delta Tau to carrier and customer
upon shipment pick-up by carrier.

The customer essentially takes possession of the shipped products once they leave our loading
dock. Should the product get lost during an uninsured shipment, the customer is responsible
for the product and must pay the invoice amount in full in thirty days. Therefore, to protect
Delta Tau and its customers, Delta Tau insures all shipments or requests prepayment.

When shipping outside of the United States, Delta Tau will use its own discretion as to what
carrier to use (usually DHL, UPS, or equivalent) unless otherwise requested by the customer.

The customer will be invoiced for charges incurred in shipping and handling, such charges are
usually listed as a separate item on the original invoice. All shipments are F.O.B. our plant.
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DELTA TAU DATA SYSTEMS, INC.
OF CALIFORNIA
9036 WINNETKA AVENUE
NORTHRIDGE, CA 91324

(818) 998-2095 / FAX: (818) 998-7807

SOFTWARE UPDATES

Delta Tau is happy to supply a software update, at no charge to the customer (except for
shipping charges) for a period of six months after initial purchase. The update will consist of
an EPROM, User's Manual, and Accessory 9D (if it was purchased). It will be the
customer's responsibility to call Delta Tau to inquire if an update has been made and is
available since his purchase. Not more than one free update will be provided to a given
customer.

If the customer wishes to receive an update after the six month period (or after the first free
update), it may then be purchased for a cost of $395.00. If the customer has multiple cards,

extra proms may be purchased at a cost of $55.00 each.

Existing customers who have already received an update will also be required to pay the
update fee, should they wish to receive the update.

NOTE: Corrections to legitimate errors found by the customer and verified by Delta Tau
will, of course, be provided at no charge.
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




