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ABSTRACT

The purpose of this thesis is to further William Wong's work
in controlling the same experimental variable mutual reluctance
machine. The complexity of the microprocessor based system and
the accompanying software is increased beyond that used in the
Wong implementation., Sense coil waveform detection of a new
phase arrival generates an external interrupt to the
microprocessor. Software programs using only position feedback
and both position and velocity feedback that allowed independent
speed and current level control were implemented. Current level
control allows torque adjustment for different loads. Current
level control is implemented by having a microprocessor informed
DAC - op amp combination supply a reference voltage to one
comparator input terminal while the voltage across a sensing
resistor is supplied to the other comparator terminal. The
current level at which the field transistor is turned off and the
minimum and maximum levels that the phase currents are chopped
between are controlled in this manner. Speed control is achieved
by variation of a time delay between new phase detection and new
phase switching. An excellent linear correlation was found to
exist between the time delay and 1/speed. Speed control via
continuous phase current adjustment was also implemented but
worked only over a very narrow speed range. Finally, a progranm
outputting phase duration counts onto LEDs allowed acceleration
profiles to be obtained.

Thesis Supervisor: Richard D. Thornton
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CHAPTER 1 INTRODUCTION AND LITERATURE SURVEY OF STEP MOTOR SPEED

CONTROL

1. Introduction

A 15 pole, 4 phase, variable mutual -reluctance machine was
designed by Professor Richard Thornton, and an experimental model
was built by Pipat Eamsherangkoon.1:2 This stepper like motor
had a field winding and four phase windings -- A, B, C, and D.
The phase windings A and C were wound in the same position but in
opposite directions and likewise with phases B and D. A unipolar
drive scheme was used because of its simplicity. Four sense
windings were wound in the same manner as the phase windings so
that the voltages across the sense windings were proportional to
those across the phase windings.

William Wong, after making some modifications to the motor,
used an INTEL 8748 microprocessor based motor drive that in a
closed loop system determined position by voltage sensing across
the sense windings, controlled choppers for current regulation in
the motor phases, and performed switching of the phases. A three
stage control program was used to bring the motor up to high
speed with two phases on control, but the software program did
not provide for variable speed control, and the chopper control
was rather crude in that after the initial switch on time for a
phase the duty cycle was kept constant.3

The purpose of this thesis is to further William Wong's work
by implementation of current level control and speed control
based upon the variation of a time delay between new phase

detection and new phase switching. In addition, LEDs on which



acceleration profile information can be outputted are provided.
The complexity of the microprocessor based system and the
accompanying software is increased beyond that used in the Wong
implementation. A photograph of the constructed circuit is shown

in Figure 1.1.
2. Literature Survey of Step Motor Speed Control
2.1 Open Loop Control

If only limited performance is desired, stepping motors can
be run open loop with phase switching pulses being given to the
drive circuitry at carefully predetermined intervals. The step
motor runs in synchronism with the pulse train provided that the
motor can supply the needed torque and resonance problems are
avoided. These resonance problems are related to the resonant
frequency of the rotor. Periodic excitation of the rotor at its
resonant frequency or some submultiple of it will reinforce the
reéonance and result in a loss of position synchronism, or a
complete absence of motion, if insufficient damping is present.
To prevent loss of synchronism during acceleration due to
resonance points, 1t may be necessary to increase load inertia,
increase load friction, or use a mechanical or viscous-inertia
damper.u'5

The maximum rate at which a step motor may be started or
stopped depends upon both the frictional and inertial loads.
This information is usually presented in the form of a start-stop
family of curves, where each curve represents a different value

of load inertia, and torque is plotted against the stepping rate.



In many cases the stopping rate of the motor is slightly greater
than the starting rate. This is to be expected since friction
hinders acceleration but aids in deceleration. The final steady
state speed that can be achieved is given by a curve of torque
versus speed known as a slew curve. Since the inertial load of
the rotor will only affect the amount of time required for the
motor to reach the final steady state speed and not the value of
the final speed, the final speed that can be achieved will be a
function of the frictional load but will be independent of the
inertial load.

In general, the shape of the acceleration or deceleration
ramp given to a motor in open loop control is optimally
determined by the slew curve for a given motor and driver
combination, At a given speed, if the frictional load torque is
subtracted from the torque on the slew curve, then the torque
available for accelerating the load is determined, and the
maximum acceleration possible is given by the available torque
divided by the sum of the rotor and load inertias. Since
available torque falls with speed, the rate of acceleration must
decrease, Likewise, the pace of deceleration should start slow
and then continue at a quicker pace. The ideal deceleration ramp
will be a mirror image of the ideal acceleration ramp. If the
torque were constant with speed, then the optimum acceleration
curve would be a linear ramp. If torque were to decrease rapidly
with speed, then an exponential(or a curve close to an
exponential) ramp might be optimal. In practice, linear ramps
should be used if torque drops off only very slowly with speed,

but exponential ramps should be used if torque drops off rapidly



with speed.u

2.1.1 An Example of a Microprocessor Based Open Loop

Control Scheme

An Intel 8080A microprocessor was used by Lafreniere to
control pulses to a step motor motor driving a constant load in a
computer output recorder. Time periods between motor pulses were
controlled using time interval values stored in an
acceleration/deceleration table. The table was optimized by
running various profiles and saving a copy of the table that
produced the optimum profile. Acceleration was accomplished
using one linear segment and deceleration was accomplished using
one to three piecewise linear segments as shown in Figure 1.2.

The necessary parameters used to generate the
acceleration/deceleration tables were:

1. Start frequency(in steps/sec)

2. Maximum frequency

3. Acceleration slope(steps/sec2)

4, Deceleration slope 1

5. Deceleration slope 2

6. Deceleration slope 3

T. Stopping frequency

8. Deceleration frequency 2

9. Deceleration frequency 3
The stopping frequency had to be carefully chosen to obtain good
settling characteristics,

The lowest stepping rate required was 200 steps/second and



for stepping at 200 steps/second each pulse had to be 5
milliseconds apart. In order that one eight-bit byte would
represent 5 milliseconds, each count had to be equal to 5
milliseconds divided by 255 or approximﬁtely 20 microseconds.
Thus, the number of counts stored in a byte represented the
number of 20 microsecond delays required. Acceleration values
were calculated from the equation:

D= 1/(((A x 8) + Fo)(I)) (1)

where

o
n

delay count

7]
1]

step number(S = 0 to N)

A

acceleration slope in steps/sec?2

Fo = start frequency in steps/sec

I = delay increment (20 microseconds)
The required table length was determined by the equation:

S = (Fm - Fo)/A (2)

with

Fm = maximum frequency

S = steps required to reach maximum frequency

Fo = start frequency

A = acceleration slope in steps/sec2

Deceleration tables were calculated in a similar way by
going back from the stopping frequency toward the highest step
rate.

In running the program instruction execution times are taken
into account in setting the time delays. If the number of steps
to be moved is sufficiently large, the acceleration table values

will be used until maximum speed is achieved. If deceleration is



performed from maximum speed, then the microprocessor simply runs
through the deceleration table. However, if maximum speed is not
achieved by the point at which the number of steps remaining is
equal to the number of steps in the deceleration table, then
acceleration will continue only as long as the new acceleration
frequency is less than the initial deceleration frequency that
would be used for the remaining number of steps. When the
initial deceleration frequency that would be used for the
remaining steps is less than the new acceleration frequency, then
the deceleration table is used for the rest of the steps.6
Miyamoto and Goeldel in similar work noted that the use of a
general acceleration/deceleration table became less optimal as
the number of steps decreased, and so used different tables for
different small step increments. They calculated the best
acceleration profile with a computer simulation that compared the
motor response over a small time increment with the present phase
remaining on versus the response obtained if the next phase was
switched on. The simulation chose the sequence yielding the
higher velocity and used it to establish initial conditions for

the next time interval.7

2.2 Closed Loop Confrol

Step motors realize only limited performance in the open
loop mode since there is no way to tell if the motor has missed a
pulse or if the speed response is too oscillatory. If the input
pulses arrive at too large a frequency, the motor may fail to

follow. Great improvement of step motor performance can be
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realized by using positional feedback and/or velocity feedback to
determine the appropriate phase switching in relation to the
rotor position. Closed loop control permits such improvements as
more accurate position control, much higher speed control, and
more constant speed control.

Closed loop control schemes traditionally use mechanical to
electrical position transducers to provide feedback information
of position and possibly velocity. Slotted disc tachometers with
photoelectric sensors and permanent magnets mounted on the rotor
with permanent magnet pick=-up sensors on the stator are two
commonly used schemes. Other schemes involve de¢ and aec
tachometers, ac synchros, and potentiometers. In traditional
closed loop control the motor is started initially with one pulse
from the input command, and the following pulses are generated
from the encoder assembly.

Recently closed loop motor systems have been implemented
that use waveform detection; that is, feedback pulses are
generated by a waveform detector. A waveform detector has
obvious advantages over traditional encoders. The waveform
detector can be completely an electronic device without any
moving parts. Thus, it need not be mechanically linked to the
motor., The motor could, therefore, be located out in a harsh
environment with a detector, drive circuitry, and power supplies
stowed away in a more favorable location.

The literature read showed only lead angle variation being
used as a method of speed control in closed loop systems that
employed waveform detection schemes, However, four other methods

of closed loop speed control have certainly been used on other
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occasions:

1) Voltage regulated control increases speed by increasing
voltage. In addition to feedback which does the phase to phase
switehing, feedback control of velocity is used for regulating
the voltage. Proportional velocity feedback is used to reduce
the system's time constant and integral velocity feedback can be
used to reduce the steady state error in velocity. Such a scheme
is less efficient than other speed control schemes.

2) A chopped voltage control of speed can be performed by
varying the switching ratio, the fraction of the total time the
voltage is on, As with voltage regulated control, proportional
and integral feedback may be employed. A nonlinear element
should be put in the feedback loop so that the system does not
try to drive the switching ratio higher than unity.

3) Bang~-bang control whereby zero voltage is applied if the
speed is too high and full voltage is applied if the speed is too
low can also be used for speed control. However, such a scheme
demands a continuous and accurate velocity feedback.

4) Finally, phase lock loop techniques may be used for speed

regulation,

2.2.1 HWaveform Detection

The waveform detection schemes implemented to date have all
involved the detection of peaks -- either maxima or minima -- or
zero crossings. To a fair ext;nt the work has been experimental
rather than analytical -- motor waveforms have been observed and

only afterwards related back to rotor position and justified

12



analytically. Waveform detection schemes must be specifically
tailored to the particular motor, driving circuitry, driving
scheme, and operating conditions under consideration. In some
work on variable reluctance step motors Kuo and Cassat found, for
example, peaks that were present at low and high speeds but
disappeared at medium speeds.3 Kuo, Lin, and Goerke found a
scheme in a permanent magnet step motor that worked by detecting
phase peaks in one-phase-on operation, but this scheme could not
be implemented in two-phase-on operation.9 Often one waveform
must be used for starting the motor and low speed operation and
another waveform must be used for high speed operation. The
detection schemes were complicated by the fact that switching of
motor phases led to transients or noise that would lead to false
detections if they were not ignored. This has been done by
ignoring any detections for a predetermined interval around
switching. In a closed loop control scheme used by Kuo, Lin, and
Goerke a second noise rejecting circuit was also used to blank
out false pulses caused by voltage peaks that were generated when
the rotor was oscillating about the detent position when the
motor was running at a low speed or coming to a stop.9

Peak detection of waveforms can be implemented either by a
sample-and-hold circuit or by a differentiation circuit. A
sample-and-hold circuit samples the waveform at a high rate, and
when the present sample magnitude is less than the previous
sample magnitude, the circuit interprets this as a peak
detection. A differentiation circuit consists of an op-amp
connected as a differentiator followed by a zero crossing

detector. Kuo, Lin, and Goerke found the peak detector to be the
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most critical element in the controller. Inappropriate pole
placement in the differentiator design would cause improper
operation of the controller.? Likewise, Unger noted that a
better peak detector would have improved the operation of his
system.10

Either voltage or current sensing can be used to provide
detections. In sensing a current, the current must be converted
into a voltage. This is performed by putting a small resistor of
known value in the current path and measuring the voltage
developed across it. Since the resistor will increase power
dissipation and hence reduce the motor efficiency, its value
should be kept as small as possible. While either current peak
sensing or voltage peak sensing schemes may be used, voltage peak
sensing schemes have the advantage that dead zones do not occur
in the voltage waveforms if suppression diodes are used. Because
of the positive forward bias voltage of the suppression diode, a
dead zone may be present in the current waveform under low
stepping rates. This dead zone in the current waveform could

cause false detection errors.9

2:2.2 Speed Control via Lead Angle Variation

The waveform detection closed loop schemes that controlled
speed did so by variation in the lead angle, the angle in advance
of a particular equilibrium position at which the corresponding
phase is turned on. Much of the literature uses the
complementary concept of switching angle or feedback angle rather

than lead angle. The switching angle is the angle the rotor
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moves from an equilibrium position before receiving its first
feedback pulse. If the switching angle is a degrees, after the
initial starting pulse to the motor, the second pulse and all
following pulses are sent after a degrees of motion from the
equilibrium position., If the step angle is R degrees, then a
switching angle of a degrees corresponds to a lead angle of 2R-a
degrees;

If currents were instantaneously established and decayed
instantaneously, the same lead angle would produce maximum torque
at all speeds, but obviously currents take time to buildup and
decﬁy; While the time required for current to buildup represents
only a small distance at low speeds, this time repiesents a
larger distance at higher speeds. Thus, the lead angle must be
increased to increase speed. As speed increases, the maximum
torque that can be produced must decrease due to increases in
impedance and back emf,11 Thus, the maximum torque decreases at
increased speeds, and the lead angle that produces the maximum
torque increases. At low speeds small lead angles will produce
more torque than large lead angles, but at high speeds large lead
angles will produce more torque than small lead angles. Usually,
a step motor operates at lead angles between 1 and 2.5 steps,
with larger lead angles resulting in higher speed but lower
torque., In a four phase step motor, the maximum speed is
achieved at a lead angle of about 2.5 steps.12 Usually, as the
lead angle nears three steps, the speed will fall and eventually
the motor will stall. It must be remembered that the assumption
of constant speed operation is only valid if the average torque,

which is a function of lead angle, is counterbalanced by the drag
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torque, including the coulomb frictional and viscous frictional
torque, which is exerted on the rotor. The lead angle is
adjusted in order to achieve this.
Average torque as a function of switching angle for constant
speed operation has been calculated amalytically. Tal calculated
the average torque = (1/2u)f3"‘1'g(o)da (3)
where @ = electrical angle and Tg(®) = generated torque for
constant speed operation as & function of switching angle for
two—~phase bifilar wound permanent magnet stepping motors with
two—-phase—on constant voltage excitation and for three-phase
permanent magnet stepping motors with one~phase—-on coanstant
voltage excitation. By taking a derivative, he then found the
switching angle that maximized the average torque at a given
speed and the resulting value of the maximum average torque.13
Kuo used the above method and the principle of time
continuity of flux linkages to calculate torque—speed curves for
various switching angles that could be obtained in a two—phase
bifilar wound permanent magnet step motor under various drive and
control schemes. In addition to calculating the maximum average
torque, he calculated the minimum average torque that could be
used for stopping the motor. Specifically, chopping, bilevel,
and two-phase—on control schemes were considered. A chopping
drive was approximated by assuming that the chopper kept currents
at a constant level. As expected, the magnitude of the maximum
average torque for two—phase—on excitation was 20.5 times greater
than for ome-—-phase—on excitation, but oddly enough his

calculations also showed that a bilevel drive resulted in only a
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slight improvement in the torque produced in the one-phase-on
scheme at low and medium speeds and actually deereased torque
produced at high speeds.' Kuo, Lin, and Yen calculated torque-
speed characteristics in three phase variable reluctance stepping
motors using one-phase-on drive with constant voltage for
different switching angles.15

The waveform figure used for detection must be sufficiently
in advance of the equilibrium position of the switched on phase
to provide a large enough lead angle to maintain the maximum
desired speed. Smaller lead angles and hence lower speeds are
achieved by adding in an electronic time delay between the time
that waveform feature detection occurs and the time that phase
switching occurs. Thus, by increasing the electronic time delay,
the steady state speed is lowered.

Lead angles that incorporate time delays have distinct
advantages over fixed reference lead angles without any time
delays. The electronic time delay results in better acceleration
characteristics. Since the time delay corresponds to a smaller
distance at low speeds, the effective lead angle is larger until
the final speed is achieved, and at speeds above some low level
that is quickly reached, the larger lead angles produce a higher
torque that accelerates the motor more rapidly. Likewise,
electronic time delay also provides the motor with better
deceleration characteristics. In addition, electronic time delay
makes the motor speed less dependent upon load variations., For
example, if the load is increased, speed tends to decrease, so
the rotor moves a shoﬁter distance during the time delay, so the

lead angle increases, tending to increase the speed, thereby

17



partially offsetting the effect of the load increase.12’16

In an optical detection system the angle of detection, the
lead angle with no time delay, is always constant. This need not
be the case in a waveform detection scheme. 1In one waveform
detection scheme the angle of detection increased from 2.1 steps
to 2.4 steps as the motor speed increased. The motor will
operate properly as long as the curve of the detection angle
versus steady state speed has a positive or zero slope. With
such a curve, when the motor is loaded, the speed will be reduced
and hence the lead angle is reduced. This is a welcome outcome
since the smaller lead angle will produce a greater torque to
apply to the load. A curve of detection angle versus steady
state speed with a negative slope would not work, since applying
a heavier load would slow the motor down and thus increase the
lead angle so that less torque would be available, and eventually
the motor would stall.l7

In control schemes with encoder feedback control, such as an
optical scheme, the injection of extra pulses may be used to
achieve a lead angle greater than two steps. In control schemes
with waveform detection this would be analagous to the use of a
small angle of detection using one waveform feature at low speeds
and a large angle of detection using another waveform feature at
high speeds. In both cases a larger lead angle causes a higher

speed.8

2.2.3 Speed Control with Iraditional Logic Circuitry

Using traditional logic circuitry, the lead angle can be
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varied via the use of a "fixed-unit time delay speed controller."
The speed controller is composed of three main parts: a speed
comparator, a time delay selector, and a time delay. The speed
comparator compares the time taken to perform a motor step with
the desired step period and decides whether or not the average
speed over the last finished step is too fast or too slow. If
the average step speed is too slow, the time delay selector
adjusts the time delay for the next feedback pulse to be one
fixed time unit less than the preceding time delay. If the
average step speed is too fast, the time delay selector adjusts
the time delay for the next feedback pulse to be one time unit
greater than the previous time delay. Because the time delay can
only be adjusted by one time unit after each feedback pulse, a
tradeoff exists between the accuracy or fine tuning of the steady
state speed and the time taken to achieve the steady state speed.
A "variable~unit time delay controller® that uses a time delay
increment which is proportional to the error in speed can be used
to avoid this tradeoff but only at the expense of more
complicated electronic circuitry if traditional logic circuitry
is used.12

Yackel has given the complete circuit diagram for one
particular implementation of a fixed-unit time-~delay speed
controller. A network of gated one-shots can produce a delay of
up to 70 fixed units with each unit being equal to 25

microseconds. 18

2.2.,4 Microprocessor Control of Agceleration,
Deceleration, and Constant Speed
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Complex step motor control schemes require specially
designed logic cirpuitry that is usually expensive and time
consuming to construct. By using microprocessors complicated
control algorithms may be implemented without complex logic
circuitry at a lower cost.

B.H. Wells used an Intel 8080 microprocessor with a two
microsecond cycle time to implement acceleration and deceleration
algorithms on a three phase step motor with a feedback system
using two photoelectric sensors and a slotted disc in an encoder
arrangement. Speed was determined by the time between encoder
pulses. For either acceleration, deceleration, or constant speed
operation the microprocessor would perform four basic tasks for
each motor step:

1. Delay a specified amount of time past an encoder interrupt of
the microprocessor. The delay was calculated during the last
step.

2. After the delay is over, send a pulse to the motor driver
card,

3. Calculate the delay for the next step.

4, Wait until the next encoder interrupt which will restart the
sequence,

To provide maximum acceleration, an algorithm is used
to provide the motor with maximum torque at all times. With
instantaneous buildup and decay of current, a switching angle of
0.75 times the step angle(or a lead angle of 1.25 steps) would
produce maximum forward torque in a three phase step motor.

However, the current has finite buildup and decay times, and the

20



finite buildup time must be included in the acceleration
algorithm., The acceleration algorithm is:

1; Measure the time for the preseat steﬁ.

2., Predict time for the next step(IN).

3. Delay = 0.75(IN)-buildup time

To predict the time for the next step, the following
equation is used:

Tee1 = Tg + a(Tg = Tg-1) (4)
Changing the value of the constant a will change the degree of
curvature. However, in order to implement an acceleration
algorithm, a modification of equation (4) is necessary. If the
time for the next step is predicted, then actually it is the time
for the present step that is currently underway that is being
predicted. To solve this problem an algorithm that predicts two
steps in advance is used:
Teez = Tx + ala + 2)(Tg - Tpg) (5)
Experimental datas showed a(a + 2) = 0.5.

For low speed operation utilizing large switching angles,
the execution order of the four basic steps could be rearranged
as follows:

1. Calculate the delay for the next step once an encoder
interrupt is received.

2. Delay the specified amount of time just calculated.

3. After the delay is over, send a pulse to the motor driver
card.

4, Wait until the next encoder interrupt which will restart the
sequence.

While this rearrangement of the four basic steps does not
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allow a small enough switching angle for maximum speed operation,
it has the advantage of requiring that step times be predicted
only one step in advance rather than the two step in advance
prediction that must be used with the first ordering given for
the four basic steps. This, of course, improves the accuracy of
the prediction.

For the first three steps, the two step in advance algorithm
cannot be used, Two alternative measures can be used. First,
encoders can be used to generate a suitable switching angle.
Secondly; if the load is not subject to much variation, delays
can be preselected. For the third step delay, the time value for
the first step could be included in a calculation.

Because deceleration took a much smaller portion of the
total time than acceleration, Wells used a simple deceleration
scheme., By skipping one pulse and setting the delay to a
constant, the lead angle was changed from about two
steps(depending on the speed) to less than one step. When the
motor had been decelerated, the delay was set to zero in order to
provide a one step lead angle for slow constant speed.

Wells proposed but did not implement an algorithm for
constant speed control. One 8 bit byte is used to specify the
speed in steps/second divided by 10: A speed from 10 to 2550
steps/second is specified. A nominal delay is calculated for the
specified speed. The unloaded speed versus switching angle curve
is represented by a linear approximatioi. For the motor used the
linear approximation is:

e =9.4 - (0,00571)(1/T) (6)

22



with a = the switching angle and T = sec/step. Also:

delay = (Ta)/15 (7
with 15 the number of degrees/step.
By algebra this yields:
delay = 0.627T - 3.81 x 1073 (8)
If one computer unit %-0.8 x 106 second, then:

delas'll = 0.627T, - 476 (9)

or

delay, = (7.84 x 10%/(speed/10)) - 476 (10)
A processor can perform this calculation before the motor is
set in motion. After the nominal delay is calculated, the motor
is accelerated until the acceleration algorithm calculates a
delay less than the nominal value, and from this point on a
special error routine is used instead of the acceleration
routine. The error routine provides an adjustment in the delay
proportional to the difference between the measured and desired
speeds so as to minimize the error. The following control law is

suggested:
delayy,, - delayyx+1 = a(Ty — Ty) (11)

where 0<a<0.617 in order to insure stability and T, js the

desired time for each st:ep.]'9

2.2.5 Phase Superposition

Phase superposition refers to the overlap of phases or the
extent to which phases are turned on simultaneously. Wetter,

Jufer, and Imhof defined the rate of phase superposition as
ks = (ts/T)(IOO) (12)

with ts = time of superposition, the time phases are turned on
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simultaneously, and T = the interval between two phases switching

onor T = 1/f where £ = steps/second.

If P phases are present, k; = -100% if all phases are off
and kg = (P-1)(100%) if all phases are on. In a four phase motor
ky would be:

-100% for all phases off

0% for one phase on
100¢ for two phases on
200% for three phases on
300% for four phases on
By varying the phase overlap any particular percentage between
-100% and 300% could be achieved.

The rate of phase superposition yielding maximum torque was
found to vary from one frequency to another. For a definite
fixed load, the superposition rate that minimized speed
oscillations or maximized dynamic stability was not necessarily

the same as that resulting in maximum torque.20

2.2.6 Specific Schemes Implemented or Simulated

Singh and Kuo did a computer simulation of a single stack
four phase variable reluctance stepping motor using dual voltage
drive that drove the printhead in a high-speed impact printer
system. After an excursion of an even number of steps ranging
from 2 to 100, the printhead had to come to rest in a fully
damped manner with a tolerance of about seven percent of a motor
step within 30 milliseconds. The simulation was performed by

integrating six nonlinear equations for the motor using the
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fourth-order variable~-step size runge-kutta method. The
simulation was accomplished via seven steps:

1. The best switching angle for acceleration was determined.

2. The number of steps after which deceleration started was
determined.

3. The best switching angle for deceleration was determined.

4, Either (a) the number of steps after which the switching
angle was changed for low velocity operation was determined or a
probably better method (b) the proper motor speed at which to
change the switching angle for low velocity operation was
determined.

5. The low velocity switching angle was determined.

6. The pulse to the last step was inhibited with delayed last
step damping.

T. At low velocity indicating near peak overshoot the last pulse
was given.

The motor came to a uniform low speed mode before the
command to stop so that a single damping scheme was possible for
all step increments.21

Frus and Kuo ran a three phase single stack variable
reluctance step motor in the one-phase-on scheme using detection
from a waveform in the on-phase mode.17

J.D. Unger used parameters in the current waveforms of a
three phase variable reluctance step motor in the one-phase-on
scheme to determine the damping delays needed for optimum damping
using an electronic backphasing scheme. A "position" peak that
occurred in the current waveform of one phase exactly when the

rotor crossed the detent position of another phase provided the
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initial information needed for damping. It told the system to
begin the damping process, The time difference between the
"position™ peak and a peak in another phase current following
shortly thereafter was found to vary with load, so the time
difference between these two peaks provided information that told
how much time should pass after the "position™ peak until a
backphasing pulse was applied. The duration of the backphasing
pulse was kept constant to avoid circuit complexity, but
modifying it w&uld have yielded some damping improvement.1°

Kuo and Cassat, working with a three phase variable
reluctance step motor, developed a control scheme for one-phase-
on operation by detecting current peaks in the phases. First=off
mode detection was defined as detection of a waveform feature in
a phase that was on during the last cycle and second-off mode
detection was defined as detection of a waveform feature that was
on two cycles ago. It was found that peak detection in the on-
phase current was difficult to predict and not advisable, for
even if peaks were found at low and high speeds, they might
vanish completely at medium speeds. The first-off mode was
usually reliable at all speeds and recommended for closed loop
control, The second-off mode could only be used after the motor
was brought up to speed, but had the advantage of sometimes
allowing higher speeds. Switching the waveform detection from
the first-off mode to the second-off mode is analagous to the
injection of an extra pulse in a closed loop scheme with an
encoder and optical detection.8

Pittet and Jufer used as feedback detection of a zero in a
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current difference to achieve closed loop control of a one phase
stepping motor. They have referred to such closed loop control
as self-synchronization.22

Mckee used current feedback from the on-phase of a three
phase variable reluctance step motor to achieve load adaptive
damping of single steps using electronic backphasing. The height
of the current waveform was found to be inversely proportional to
the square root of the inertia, As the height decreased, both
the optimal time after the peak to begin the backphasing pulse
and the optimal duration of the backphasing pulse increased
exponentially. The correct timer intervals for optimal damping
are achieved by application of a scaled version of the amplitude
of the peak to the timerts RC network. This is possible because
the pulse width of the timer increases exponentially as the
voltage decreases; that is, the relation is fortuitously similar
to those between the amplitude height of the local peak and the
two timer parameters.23

Lin, Kuo, and Goerke found three waveform detection schemes
that coud be employed in a bifilar-wound four phase permanent
magnet step motor. The voltage waveforms across the phase
windings exhibited detectable peaks, a positive peak in the
first-off mode and a negative peak in the third-off mode, at
practically all speeds. A closed loop scheme was developed that
was based on detecting the first positive peak in the first-off
mode, Current waveforms had detectable peaks at low speeds, but,
unfortunately, at high speeds peaks did not not always appear in
one specific phase. However, detectable peaks could always be

found in the difference between currents in opposite phases, such
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as i,—i, or ip-ig, if the two phases were in the first—off and

third-off modes. This control scheme based on current
differences was successfully implemented in the one—-phase-on
scheme, but because of the existence of some unknown parameter
could not be implemented in the two—phase-on scheme. Finally,
detent positions of a permanent magnet step motor were detected
by sensing the zero crossings of the back emf generated by the
permanent magnet flux linkage while the rotor was turning. The
voltage across phase a was written:
Vo = Rgig + drg/dt : (13)
with A being the flux linkage of phase a which was expressed as
Ay = Lgig = Lgig + Kjcos® (14)
with Ly and L; the average inductances of phases a and ¢, Kj the
maximum flux linkage due to the permanent magnet, and 6 the rotor
position in electrical radians. Taking the derivative of
equation (14) :
dA,/dt = Ll(dig/dt) - (dig/dt)] - Kjwsin® (15)
where L = L, = L; and o = d0/dt.
Then using simple algebra on equations (13) and (15) :
Kiwsin® = L[(dig/dt) — (dig/dt)] -Vy + Ryig (16)
Ki0sin® was defined as the back emf generated by the permanent
magnet and was obtained by using the appropriate op—amp network
on measurements of L[d(i ;i )/dt], V,, and Rpi,.
By similar manipulations a back emf waveform of the type
“Kiwc0s0 can be obtained with phase B and phase D. In theory a

pair of measurements of Kjwsin® and -Kjecos® could have been used

to uniquely determine the rotor position, but in practice the

28



amount of switching noise did not allow this to be dome, so zerxo
crossings were detected to show rotor detent positioms. For
operation over a wide speed range, zero crossings of the first-
off and second-off modes were used. However, when the motor was
started, because the speed was very low, there were no detectable
zero crossings in the off-mode waveforms, so the peak of the on—
phase back emf was used for starting the motor. This peak in
wsin® has the advantage of showing load—-adaptation
characteristics. The back emf detection scheme has the advantage
over other waveform detection schemes of being invariant under
different drive schemes. Both one-phase—on and two—phase—on
drives yield the same back emf waveform. This scheme has the
disadvantages of requiring a complex controller and placing an
upper limit on the steady state speed due to noise occ;;pying an
increasing portion of the back emf waveform at higher speeds due
to an increased frequency of switching between the phases in this

constant voltage drive scheme.9'24
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CHAPTER 2 OVERALL CIRCUIT DESIGN ISSUES

1. The Three Phase States Encountered During Chopping

Suppose phase D is being chopped on and off. The resulting
phase B and D current waveforms are shown in Figure 2.1, The
three states of voltage and current situations existing in tke
field and phase coils are shown in Figures 2.2a - 2.2c.

Yhen phase D is chopped off, an opposite current of nearly
equal magnitude appears in the reverse coupled phase B. When
phase D is off, the phase B current and the field current are
being returned to the volfage supply through a diode in antipar—
allel with the field coil.

When phase D is first switched on, by reverse coupling it
almost immediately assumes a value equal in magnitude to that of
the phase B current at the end of T3, the interval of reverse
current flow. During T; the phase D current is less than the
field current. As the phase D current increases, less of the
field current flows through the diode antiparallel to the field
coil and more flows through the phase D coil. <5 ends and T
begins when the value of the phase D current becomes equal to the
value of the field current. During Tty the phase D current is
equal to the field current and the diode antiparallel to the
field coil is off. Since approximately the entire supply voltage
is across the phase D coil during Ty, while during t2 the supply
voltage is spread across both the field and phase coils, the
phase D current rises more quickly during Ty than during t».

With a duty cycle of 0.5, ig ¥ill decay all the way to zero

producing an interval of zero torque, so the duty cycle should be
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kept greater than 0.5.

2, Position Detection by Sense Coil Voltages

Vp = Lppd(ip)/dt + Lpp(®)d(ip)/dt + ipwdLpp(®)/de

represents the voltage across phase coil D in T1 and T3 when
phase current flows only through the D coil. Likewise,

Vg = Lppd(ip))dt + Lpp(@)d(ip)/dt + ipwdLpp(®)/de
represents the voltage in the field coil in Ty and-tz. When
phase current flows omnly through the D coil during T1 the
additional constraint Vg = -VpgyN 1S present. At startup the
terms containing w are very small and may be ignored. So at
startup during Ty

Lypd(ip)/dt + Lpp(8)d(ip)/dt = -VpoN

Noting that Lpp(®), @ sinusoidal function of position, can be
either positive or negative, Lpp js always positive, and VDON is
close to zero, it is seen that during T; q(ip)/dt at startup can
be either positive or negative;

Vg = Lgpd(ig)/dt + Lgp(®)d(if)/dt + ipwdLpp(8)/d6
represents the voltage across the phase B coil dnriﬁg T3 when
phase current flows only through the B coil. Likewise,

Vp = Lgpd(ip)/dt + Lgp(®)d(ip)/dt + ipwdLgp(®)/de
represents the field coil voltage during T3 when phase current

flows only through the B coil, V

F = ~VpoN during ©3, so at

startup during T4

Lppd(ip)/dt + Lpp(®)d(ig)/dt = -VpoN

Noting that LFB(O), a sinusoidal function of position, can be

either positive or negative, LFF is always positive, and VpoN is
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close to zero it is seen that during T3 d(ig)/dt at startup can
be either positive or negative.

Because the diode antiparallel to the field coil is off

during %,, d(ip)/dt must always be positive during tp. In
conclusion, at startup d(ip)/dt is always positive during Ty but
can assume either polarity during T3 or v3. This is verified
experimentally by repetitively switching a single phase while the
motor shaft is slowly turned manually.

Rather than sensing directly from the phase coils, sensing
is actually performed on separate sense windings, which are wound
in the same manner as the phase windings so that the voltages
across the sense windings are proportional to the voltages across
the phase windings. This is done so that the voltage swing on
the sense windings will be within the -5 to +5 volt range of the
comparator, If sensing had been performed directly from the
phase windings, positive and negative comparator input voltage
limits larger than the 20V used to supply the field and phase
coils wonld have been needed, and positive and negative supply
voltages greater than 20V would have been needed to power the
comparators.

When chopping is being performed on a give# phase, waveform
detection is performed on the following phases’s sense coil
voltage. Hence, when A-B-C-D-A activation is employed, when
phase D is being chopped sensing will be donme on sense coil A to
detect the arrival of phase A. Crossings of the sense voltages
from negative to positive polarity cause detections, so phase D
is turned off and phase A is turned on when tﬁe polarity of the A

sense voltage becomes positive.
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The voltage across the phase A coil is:

Vo = Lpad(ip)/dt + Lppd(ig)/dt + Lpcd(ic)/dt + Lpapd(ip)/dt +
LAp(@)d(ip)/dt + ipwdLAp(8)/de

Lyg and Lpp are small and since sensing is only done in phase A

when phase A and phase C have been turmed off long enough for the
A and C phase currents to have decayed to zero, thenr di,/4t =0

and dic/dt = 0 during a phase A sensing. Then when sensing phase
A:
VA = LAR(0)d(ip)/dt + ipwdLp(0)/de
At startup when the field transistor is turned on and the

entire supply voltage falls across the field coil giving a large

d(ip)/dt, the polarities of the LAp(®)d(ip)/dt, Lpp(@)d(ip)/dt,

and Lpp(@)d(ip)/dt voltages are sensed to indicate the initial
position. After the initial semsing at turnon, before the motor
picks up speed and the ipydL,p(6)/d0 term predominates over the
LAF(G)d(iF)/dt term, sensing mnsf only be performed on phase A
just before phase D is chopped off, that is, during Ty when the

field current is equal to the phase D current. As previously

discussed, d(ig)/dt is always positive during T3 but can be of

either polarity during Ty or v3. Thus, the Lpp(0)d(ip)/dt term

only comveys positional information during the T, jinterval.

Torque for phase A, Tp = ipipdLaAp(©)/d0, becomes positive

180 degrees before the equilibrium position for phase A. Thus,

the ipudLAp(0)/d0 term becomes positive at the same time the

torque becomes positive, 180 degrees before the equilibrium

position. The L,n(6)d(ip)/dt term becomes positive only at the

start of the second half of the positive torque interval for
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phase A, 90 degrees before the equilibrium for phase A. At
turnon the initial sensing of position based purely on
Lop(@)d(ip)/dt, Lpgp(8)d(ip)/dt, and Lpp(®)d(ip)/dt terms
activates the phase that is located between 180 and 90 degrees
from the equilibrium position.

Startup failures may occur when w is very low and
LAF(G)d(iF)/dt predominates over ipwdLpp(0)/d6. Then, phase A is
turned on 950 degrees before its equilibrium position, and if o
remains very low, switching to phase B will not occur until phase
A is at its equilibrium position. Suppose that phase A arrives
at its equilibrium position and phase B has just missed being
detected. Then, the motor will stay indefinitely at the phase A
equilibrium position and phase B will never be detected.
Increasing the initial acceleration by increasing the field
current will solve this problem.

WVhen phase D is being chopped, phase A is being used for
waveform detection, and © is appreciable, them the ipwdLAR(6)/de
term predominates over the Lpp(8)d(ip)/dt term. In a ome phase
on scheme, phase A is activated 180 degrees before its
equilibrium position and phase A is turned off and phase B is
turned on when phase A is 90 degrees before its equilibrium
position. In a two phase on scheme, phase A would be turned on
180 degrees before its equilibrium position and turned off at its
equilibrium position, that is, phase A would be on during the
entire interval of positive torque except during windows
occurring in the second half of its positive torque interval when
it would be turned off so that i, would decay to zero to allow

sensing in phase C, The use of such windows would have the
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disadvantage of reducing available torque. In this thesis only a

one phase on scheme is employed.
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Figure 2.1
Phase D is chopped on and off 3 times,
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CHAPTER 3 HARDWARE DESIGN ISSUES
1. QOverall Block Diagram

An overall block diagram of the hardware scheme employed is

shown in Figure 3.1.

2. Ihe Case For Using Fast Recovery Diodes

Current and voltage waveforms showing how switching compares
for real and ideal diodes are sketched in Figure 3.2. Fast turn-
on diodes will have more ideal turn-on characteristics than slow
diodes and fast turn-off diodes will have more ideal turn-off
characteristics than slow diodes. Technological considerations
usually result in a fast turn-off diode being fast turn-on.
Generally, the turn-on surge voltages and power losses are of
secondary importance compared to turn-off surge voltages and
power losses.

When phase D was chopped on and off in my predecessor's
eircuit, a circuit without snubber networks but with diodes
connected antiparallel to the switching transistors to allow
reverse phase curreant flow, then a careful examination of phases
B and D revealed positive current spikes occurring in both phases
during the instant of phase D turn-on. A highly schematic
nonscaled diagram of these current spikes is shown in Figure 3.3.
These current spikes were caused bf a reverse current flowing
through the diode in phase B immediately after that diode was
reverse biased. Since coils B and D are reverse coupled, a
current spike in phase D had to occur in the same direction so

that an immediate change in flux did not take place. To minimize
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these spikes in my scheme a MR852 fast recovery diode was used
instead of the 1N4720 general purpose rectifier used by my
predecessor.

The recovery charge Qp, equal to the integral of reverse
current through the diode, is often 200 to 500 times greater in a
standard diode than in a fast diode. Thus, the use of fast
diodes allows near total or total suppression of these current
surges to be achieved. The energy produced each turn-off is
equal to QpEc, where Ec is the reverse voltage across the diode
immediately after switching., By taking the worst case, where all
of the energy is dissipated in the diode, an upper bound on the
diode power dissipation due to switching is obtained. Thus,
p-_-QRch, where £ is the switching frequency, gives the worst case
diode switching power dissipation., Hence, the use of fast diodes
drastically reduces the diode switching power dissipation. High
losses during switching would prohibit the use of standard diodes
at high frequencies.

Eliminating the diode reverse surge current also eliminates
extra turn-on losses of the power transistor. Often, the turn-on
losses of a transistor are concentrated in its structure(hot
spots), and result in a fast fatigue of the tramsistor.

RC networks are often put in parallel with standard diodes
to protect them against high surge voltages at turn-off.
Generally, to eliminate surge voltages replacing standard diodes
with fast diodes is better than using standard diodes with RC

protection networks; the RC networks consume a large amount of

energy at high frequencies.

43



One final advantage of the use of fast diodes is the
reduction of radiocelectric interference. During diode switching,
an abrupt variation of current and hence of magnetic field takes
place. The amplitude of the interference is proportional to the
recovered charge Qg-

Fast diodes have some drawbacks; increased leakage currents,
greater forward voltage drops, and lower maximum reverse voltage

ratings are often the penalties of making a diode fast.?

3. Iransistor Switching Network

The transistor switching network used for the 4 phase coils
is shown in Figure 3.4. The transistor switching network used
for the field coil is shown in Figure 3.5.2 The field network is
the same as that used for a phase coil except that a TU405 is used
instead of a TuW01, the flywheel diode, a MR821, is placed
antiparallel to the field coil, and the sensing resistance
measures out to .079 ohms rather than .080 ohms.

In my predecessor's scheme a .075 ohm wire wound resistor
was used as a sensing resistance, but a wire wound resistor acts
as an inductance., Noninductive sensing resistances were
constructed by placing 16 - 1/2 watt carbon resistors averaging
1.28 ohms in parallel. Placing the resistors between 2 cut
pieces of a PC board, each with 16 holes, allowed a neat compact
construction. Since the standard deviation of different samples
around a mean is inversely proportional to the square root of the
sample size, paralleling resistors had the advantage of producing
sensing resistances whose standard deviation around a mean value

was 1/4 the standard deviation of the individual 1.28 ohm
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resistors around a mean value. The value of the sensing
resistances was kept as small as possible to minimize power
losses. Finally, note that tantalum capacitors of a few
microfarads were used to keep the collectors of T1 and T3 and the

emitters of To from deviating from their steady state voltages.
3.1. Discussion of the Switching Network

A and C are reverse coupled phases and B and D are reverse
coupled phases. Suppose phase D is on and no other phase is
carrying current. When the phase D power transistor is turned
off, the phase D coil voltage ¢rops and changes polarity so as to
maintain the phase D coil current. If perfect reverse coupling

were present, the phase D coil voltage would drop to -(VS +

2VpoN)sy Veg of transistor D would rise from VeE(saT) to 2Vg +
3VpoN, and the voltage across the reverse coupled phase B coil
would rise to Vg + 2Vpoy» When the phase B coil voltage reached
Vs + 2Vpgoy, then the current in the phase D coil would stop and a
current of equal magnitude would flow through phase B in the
reverse direction so as to maintain continuity of flux. However,
due to imperfect coupling or leakage inductances, this transfer
of energy to the reverse coupled phase is not perfect. Because
of the leakage inductance, at turn-off of phase D with no snubber

network present, Vop of transistor D exhibits a brief duration

large positive voltage spike before settling to a steady state

value of 2Vg 4+ 3Vpoy and the phase D coil voltage exhibits a
brief duration large negative voltage spike before settling to a

value of =(Vg + 2Vpoy).
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A turn—-off snubber is used to attennate the brief duration
positive voltage spike in collector to emitter voltage due to the
leakage inductance. If a snubber is not used, the power
transistor is quickly destroyed by the occurrence of collector to
emitter voltages much greater than the VCEO rating of the
transistor. The turn—off snubber network used is shown in Figure
3.6.

As the value of the capacitance increases, the turn—off
switching time increases since dVcg/dt decreases, but the turn-
off switching losses in the transistor decrease. For small
values of capacitance, the total turn—off losses of the sanubber
and transistor are smaller than those of the unaided tranmsistor.

Let the phase current be Ip and assume that during the
transistor fall time ty the current in the inductive load remains
constant. During the fall time tg the current decreases linearly
in the transistor and increases correspondingly in the capacitor.
Then, if no leakage inductance is present, at the completion of
transistor turnoff, the voltage Vj scross the transistor is givenm
by:

CVo = fafIcapacitordt
Therefore, Vo = Iptf/2C, the Vcg 8¢ross the tramsistor at the ead

of turnoff in the absence of leakage inductance. Thus, in the
absence of leakage inductance, the turn—off switching power
dissipation of the transistor is decreased by making Ipte/ac ¢
2Vs + 3VpoN, the value to which Vcg Tises.

Now consider the effect of the leakage inductance Lg. If
the transistor has been completely turned off and all of the

current is flowing into the snubber, LEIPZIZ, the energy in the
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leakage inductance, must be transferred to the snubber. This

energy will increase the value of Vop above 2Vg + 3VpgN by a AV
such that
Lgip?/2 = CL(2Vg + 3¥poy + AV)2 — (2Vg + 3vpoy) 21/2
= CL(AV)2 + 2(AV) (2Vg + 3VpoN)1/2
Thus, to obtain a particular AV for a given leakage inductance Lp
set |
C = Lp1p?/[(AV)2 + 24V(2Vg +3Vpoy) ]

Also, the capacitor and resistor values must be chosen so
that the capacitor is completely discharged during the .on
interval of the tramnsistor, that is, RC << tgn-

In addition, R must be large enough so that the turm—on
discharge current of the capacitor

Ai =[2Vg + 3VpgN + AV - Vcg(saT)1/R
that will flow through the transistor at tnrnroﬁ does not become
too excessive,

Finally, the power rating of the resistor must be larger
than [C(2Vg + 3vpony + AV)2£1/2, where f is the switching
frequency.

The question arises as to whether to use a turn—on switching
aid network to reduce the power transistor turn-on switching
losses and reduce the turn—on surge currents, Generally, turn—on
switching transients are less of a danger to transistors than
torn-off switching transients so only a turn—off snubber is

used.s’4

3.2, Calculations for the Transistor Switching Network
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VEc(saT) of Tp = 0.5V
+ Vpg of T1 = 0.6V

+ Vgg of Tp = 0.8V

+ Voltage across sensing resistor = 0.25V

+ Voltage across Rj

= 5.0V
Thus, the voltage across Ry = 2.85V.
Let the base curreant into TP be limited to 200 mamp.
Ry = 2.85V/0.2 amps = 15 ohms
The transistor specgfications indicate that this level of base
current should drive the transistor well into saturation for
collector currents up to 5 amps.
Let the curremt through R3 = 2 ma.
Ry = 0.6V/ 2 ma = 330 ohms
Let 4 ma come from the base of T
Ry = (4.4V - 0.2V)/(4 ma + 2 ma) = 680 ohms
Voltage across Ry = 9.5V. Let 20 ma flow through R2.
Ry = 9,5V/20 ma = 470 obms
No current limiting resistor is put in series with the
1N4933 diode since the peak reverse base current pulled from the
2N6339 is experimentally determined to be 0.6 amps.
te for the 2N6339 is about .13 psec at 2.0 amps. Ignoring
the leakage inductance, at the end of tg the transistor collector

to emitter voltage Vg = Iptg/2C. Let Vo = Vcgo/2 = 60V. Then
C = Iptg/2Vp = (2 amps) (1.3 x 10" 7sec)/2(60V) = 2.2 x 1079 farad

Now consider the effects of leakage inductance.

Lpy = Lgc = 20 uh.s
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Assume 2Vg + 3Vpgy is kept to 80V. To be safe keep 2Vg + 3VpoN +
AV to 100V. Then AV = 20V,

C =[Lgrp21/[(AV)2 +2AV(2Vg + 3Vpon) ]

[(20 x 1076 H)(2 amps)21/[(20)2 + 2(20)(80)]

2.2 x 10~8 farad

Clearly the leakage inductance determines the size of the
capacitor used in the turn—off snubber.

At turnoff,

AVep/At = Ip/C = 2 amps /2.2 x 1078 farad = 108 volts/sec

If AVpop = 100V, then the turn—off switching time At is only 1

psec.
The transistor can handle 25 amps continuous current. So
let the initial current discharge of the turn—off snubber
Ai = (2Vg + 3VpoN + AV)/R < 100V/R = 10 amps
R = 100V/ 10 amps = 10 obms
RC = (10 Ohms)(2.2 x 108 farad) = .22 psec, which will be

far less than the on interval of the tramsistor.

4., Pushbutton Inputs to the 8039 Microprocessor

The three pushbutton inputs to the 8039 are shown in Figure
3.7. Traditional debounce latches with nand gates follow each of
the pushbuttons. Since a microprocessor reset sets all the

output ports to one thereby turning on all the transistors, a

long RESET input to the microprocessor would burn out a fuse or
one or more transistors. Thus, a2 74121 monostable is used to
keep the RESET input short in duration. The RESET pin must be
held at ground(.5V) for at least 10 milliseconds if a reset is

performed just as the power supply comes within tolerance.
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However, only 5 machine cycles are required if the power is
already on and the oscillator has stabilized. Since a reset is
always performed many seconds after the circuit has been powered
up, the pulse width need only be at least 5 machine cycles =
5(1.36psec) = 6.8usec. The monostable RC network yields a pulse

width = 0.7RC = 0.7(1.5 x 1042)(10-%farad) = 10.5usec.

5. Intel Microcomputer Compoments

The Intel microcomputer parts used are shown in Figures
3;8a—c. One 8039 microprocessor, one 8212 address latch, two
2716-1 2K x 8 EPROMs, one 8185-2 1K x 8 bit static RAM, and three
8243 I/0 expanders are used.

New programs are installed by erasing the EPROMs under UV
light for 25 minutes and thean programming with the universal prom
programmer of an Intel microcomputer development system. With
programs of 2K or less of memory space omnly the #1 2716-1 EPROM
is required. Because the EPROMs are continuously removed from
their sockets for reprogramming, zero insertion pressure (ZIP)
sockets are used for the EPROMs. Use of regular sockets would
rapidly lead to pin destruction through mechanical wear during
DIP insertion and extractiom.

Note that the 2716-1 is used instead of the 2716. The
2716-1 is the same 2K x 8 EPROM as the 2716. It has just been
selected out because of a faster speed. According to the 1979
Intel Component Data Catalog the 2716 has a maximum access time
of or an address to output delay time of 450 nsec. For the

2716-1 the maximum access time is 350 nsec. The 8039
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microcomputer has 2 maximum address setup to data in time of 400
nsec. The 8212 address latch has a maximum write enable to
output delay time of 40 nsec. Thus, the EPROM must have a
maximum acess time no greater than 400 — 40 = 360nsec. Therefore,
the 2716-1 is suitable while the 2716 is not. Using one 4K x 8
2732 EPROM would be simpler thanm using two 2K x 8 EPROMs, but
unfortunately EPSELzlab does not have the equipment needed to
program a 4K x 8 EPROM.

The 8039 has an 8~bit CPU, an 128 x 8 RAM data memory, and
an 8 bit timer/event counter. The 8039 operates with an 11 MHz
crystal whose output is divided to form 1.36 psec machine cycles
consisting of 5 machine states. Each instruction is executed in
one or two machine cyclesl

Two 8 pin SPST switches provide input data to the 16 ports
on the #2 8243 I/O expﬁndef. Such information as the phas; to be
tested, the maximum and minimum phase current levels, the initial
switching delay time; and the frequency with which the delay time
is updated can be inputted on these switches. Input data should
be read in with the high order bit corresponding to P73, P63,
P53, or P43 and data should be outputted with the high order bit
corresponding to P73, P63, P53, or P43 because if this order is
reversed then the ordering of bits in the accumulator becomes
opposite to the ordering of bits on the I/0 expanders and
arithmetic cannot be performed on accumulator numbers moving
between the accumulator and an I/0 expander.

The #3 8243 I/0 expander is used for two purposes. Before
or while the motor is running, it outputs current 1level

information to the DAC latches., After the motor has stopped
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running, it can output phase duration counts to 7407 buffers
driving LEDs thereby allowing acceleration profiles to be

obtained.
The 8185-2 RAM is used solely to store the phase duration

counts used in acceleration profiles.

6. Current Level Regulation

Four types of current level information are provided. When
the motor is started, the field tramsistor is turned on. As soon
as the field current reaches a desired field current level
determined by the field DAC input to the field comparator, the
field transistor is turned off and the desired phase transistor
is turned on, After a phase transistor has been turned on, the
phase current rises until it reaches a maximum current level
determined by the maximum DAC input to that particular phase’s
maximum comparator, After the maximum current level has been
reached, the phase tramnsistor is chopped' off and a reverse
current flows in the complementary phase. When the complementary
reverse phase current has fallen in magnitude to a minimum
reverse current level determined by the minimum DAC input to that
particular complementary phase’s minimum comparator, thea the
original phase transistor is chopped on again, The bottom DAC
and comparator are present solely to check for proper functioning
of reverse phase coupling., The bottom comparators prevent a
phase turn on signal unless the reverse current detected is above
a certain magnitude. If very little or no reverse phase coupling

occurs, and the reverse phase current is always less than the
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bottom current value, then the phase current will not be chopped
on again, a new phase will not be detected, and the motor will
stop.

To illustrate this better, suppose the field current level
is set at 2.9 amps, the maximum current level is set at 3 amps,
the minimum current level is set at 1.5 amps, and the bottom
current level is set at 0.5 amps; Then, the field transistor is
turned off forever(unless a restart occurs) when the field
current reaches 2.9 amps; Phase currents are chopped off when
they reach 3 amps and are chopped back on again as soon as a
reverse complementary phase current between 1.5 and 0.5 amps is
detected. If reverse phase coupling is functioning properly, a
detection of a reverse phase current between 1.5 and 0.5 amps
will occur as soon as the magnitude of the reverse phase current
has decreased to 1.5 amps. Thus, chopping will keep the phase
currents between 1.5 amps and 3 amps.

Figure 3.9 shows the eight 74LS75 latches used to output
current level information from the #3 8243 I/0 expander to the
four DACs. Since each latch has 4 bits and each DAC has 8 bits,
two latches are used for each DAC., An 8243 can sink 5 ma at .45V
on each of its 16 I/0 lines simultaneously. On each I/0O line is
a 7407(driving a LED) requiring a -1.6 ma low level input
current. Each enable or G input on a 74LS75 requires a -1.6 ma
low level input current. Then, the 4 enable pins required to
address the 2 latches driving 1 DAC require —-6.4 ma low level
input current. Hence, the 4 enables for the 2 latches drivimng 1
DAC must be driven by 2 separate I/O lines.

Figure 3.10 shows the DAC — op amp networks used to generate
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reference voltage levels for the curremt level comparators. The
field and maximum DAC - op amp networks gemerate outputs between
0 and +0.5 volts., The minimum and bottom DAC - op amp networks
generate outputs botween 0 and -0.5 volts., The op amps input to
pots with wipers positioned to input 4/5 of the output voltage
as a reference level to a comparator input terminal. With pots
compensations can be made for differences in phase comparators
and sensing fesistances. A pot was used for the field comparator
only so the scale factor for the field current level would be the
same as that for the other current levels, Reference voltages
with magnitudes up to 400 mv can be placed at the comparator
input terminals with unit increments to the DAC corresponding to
gradations of 1,56 mv at the comparator terminals., Gradations of
1.56 mv across a .080Q sensing resistance correspond to current
gradations of 1,56 mv/.080Q2 = 20 ma. When the power tramsistor
is turned on, 0.2 amp of base current flows through the power
transistor so for any given maximum current level I,y not
exceeding an upper bound of 4.8 amps set the comparator reference
voltage at 16 mv + Iypx(80 mv/amp).

Of course, the current—carrying capacity of the wire used
for winding the motor must also be considered. Varnish coated
number 19 copper wire was used for winding the motor.6 According
to one reference #18 wire has a curreant—carrying capacity of 11
amps and #20 wire has a current—carrying capacity of 7 amps,? so
by interpolation the motor wiring should have a current—carrying
capacity of 9 amps.

Careful attention must be given to grounding issues to
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ensure the proper functioning of the comparators. All the
sensing resistances employed in this circuit - the 4 resistances
sensing the phase currents, the resistance sensing the current
through the field transistor, and the resistance sensing whether
or not the diode antiparallel to the field coil is on — have all
been located physically close together so that the distance and
hence the inductance of the wires joining the ground sides of
these sensing resistances is minimized so the voltage variation
between the grounds of the sensing resistances is as small as
possible, This will prevent problems caused by the fact that
comparators have a poor common mode rejection ratio, The ground
terminal of the sensing resistances is tied directly to the
ground terminal of the circuit board and does not connect with
the logic chip grounds uantil the ground terminal. This
separation of logic and power grounds is necessary to prevent the
occurrence of noise in the logic grounds from the switching of
the power transistor currents into the inductance presented by
the logic grounds., Note that the pots determining reference
levels for the comparators are connected to the ground side of
the corresponding sensing resistance rather than to the logic
ground whereas the ground pins for the comparators are connected
to the logic grounds(Figures 3.11,3.12a-b, and 3.14). This is
necessary because use of a logic ground for the pot would have
the effect of putting a long wire length or an inductance between
the input terminals of the comparator — the distance being the
wire distance from the ground side of the sensing resistance to
the ground terminal along the power ground wire plus the length

along the logic ground wire from the ground terminal to the logic
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ground point connected to the referemce pot.

To prevent comparator oscillation compensation networks were
applied to some of the comparators used in this circuit(Figures
3.11, 3.12a-b, and 3.14), Oscillations are particularly a
problem with the maximum level comparators because of the slow
rate of rise of the phase current toward its final value during
the T state. Positive feedback or hysteresis applied to the
balance pin 5 removes these oscillations. The .002uf capacitor
between the 2 balance pins serves as a high frequency filter. It
provides a low impedance shunt to any high frequency noise. The
resistor network for comparator compensation was determined
experimentally., Networks were constructed with the 2,2KQ and
33KQ resistors and the value of the third resistor was increased
until a square wave input would not cause oscillations in any omne
of four 311 comparators tested.

The network for sensing the field current level is shown in
Figure 3.11,

The network used for current regulation of phases A and C is
shown in Figures 3.12a-e. An ideantical network is used for
current regulation of phases B and D. The two monostables shown
in Figure 3.12e that provide the clocking for the JK flip flops
of phases A and C will also provide the clocking for the JK flip
flops of phases B and D,

The monostables shown in Figure 3.12¢ that produce 5.7 and
1.89 psec positive pulses cause a delay of 5.7 usec to occur
before the J input of the flip flop shown in Figure 3.12d can be

presented with the information that the phase current has reached
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its upper limit. The current must exceed its maximum limit for
5.7 psec to send a signal to the J input. This serves two
purposes. First, it ensures that a transient maximum current
detection occurring right at the instant of transistor turanon
does not immediately turn the transistor off again. Second, it
allows sensing to be done in the 5.7 pusec just before the phase
is turned off. Since not 21l phase chops include a T, state,
this does not ensure that all the detections will occur during
the T, state, but it does ensure that the current will reach the
specified maximum level before the next phase activation occurs.
The monostables shown in Figure 3.12¢ that produce 12.6 usec
negative pulses ensure that a phase is not turned on immediately
after being turned off - that is, it makes sure that a detection
does not occur during the current transfer between the two

reverse coupled phases;

7., External Interrupt Gemeration

An external interrupt to the 8039 microcomputer is generated
whenever a next phase detection is made. The circuitry used to
accomplish this task is shown in Figures 3.13 to 3.16.

Figure 3.13 shows the comparators used to detect the sense
coil voltage polaritieé; As discussed in chapter two, at startup
the outputs from these comparators provide the initial position
information to the #1 8243 I/0 expander. Note that the ground of
the sense coils is tied directly to the ground terminal of the
circuit board. The LM111 specifications indicate that neither
input terminal should be allowed to become more negative than the

negative supply voltage, With the 1N4148 diodes conmnecting -5V
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to the noninverting terminals, negative voltage spikes occurring
in the sense waveforms cannot become more negative than one diode
drop below -5V,

Figure 3.14 shows a comparator network used to detect the
presence of state T, During vy the diode antiparallel to the
field coil is off and a positive voltage exists across the field
coil. At least 3V will appear across the 5.6MQ resistor during
state Ty, Then a base current of 3V/5.6MQ = .54 pa will flow.

With this PNP transistor an ig = .54 pa yields an ic > 110 pa.

Hence, a collector current of 110 pa is set equal to a reference
voltage of 0.1V. Thus, a sensing resistor of 0.1V/110 pa = 1KQ
is usedz No more than 50V ever appears across the field coil.
Then, ig = 50V/5.6MQ = 8.9 pa. For this PNP transistor an ip =

8.9 Ha yields am ig ¢ 3.7 ma. Hence, (3.7 ma)(1KQ) = 3.7V is the

largest voltage that should appear at the positive input terminal
of the 311 compazator; The 1.2KQ resistor is put in merely as an
added protection for the comparator. The positive input voltage
limit is 30V above the negative supply or 25V, Thus, if the PNP
transistor shorts, the maximum voltage appearing at the positive
input terminal will be equal to (1KQ/(1KQ + 1.2KQ))(50V) = 23V,
and the comparator will be protected.

Figure 3.15 shows the network that determines if a T, gtate
is an external interrupt requirement. When OVERRIDE Ty

RESTRICTION = O, an interrupt can only occur during state T,

When OVERRIDE ©, RESTRICTION = 1, then an interrupt can occur

during ©; or T3,

When sensing phase A, V4 = Lyp(6)d(ip)/dt + ipwdLAF(©)/d6.
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At startup the Lap(8)d(ip)/dt term predominates. Thus, at
startup all detection of the next phase must be done during Ty
when the polarity of d(ip)/dt is known to be positive rather than

during T; or t3 when the polarity of d(ip)/dt can be either

positive or negative. As the motor speeds up, the ipdeAF(O)/dG
term predominates and detection of the next phase need not be

restricted to Ty, In fact, with high speed operation the number

of chops is maintained at a smaller and more uniform number if

detection occurs during both Ty and ©3. When next phase

detection is restricted to T3, the average number of chops per
phase becomes larger and less uniform., A string of phases
containing mostly onme or two chops will also show an occasional
phase containing three, four, or five chops. In summary, at
startup OVERRIDE T, RESTRICTION should be O but should become 1
as speed increases.

The question arises as how to determine the proper point for

switching OVERRIDE T, RESTRICTION from O to 1. The switching

from 0 to 1 should occur when the iFudI‘AF(e)/de term predominates
over the Lpp(@)d(ip)/dt term. Since d(ip)/dt is proportional to

the supply voltage and for a phase containing a fixed number of
chops w is proportional to the supply voltage, then for a phase
containing a fixed number of chops @ is proportional to d(ip)ldt.
Hence, since ip, LAF(6), and dLAp(6)/d® are independent of supply
voltage, the switching of OVERRIDE t, RESTRICTION from 0 to 1
should occur when the number of chops per phase falls below a
certain level,

In the network shown whemever the number of chops per phase

is less than a value determined by the input data switches for 2

59



consecutive phases, then OVERRIDE t, RESTRICTION is equal to 1.

Otherwise, OVERRIDE t, RESTRICTION is equal to 0. If 1111 or

1110 is the initial value put on the input data switch, then

OVERRIDE T, RESTRICTION is equal to 0. If 1101 is the initial

value, then whenever only one chop per phase occurs for two
consecutive phases, OVERRIDE t, RESTRICTION is equal to 1. If
0000 is the initial value on the input data switch, then whenmnever
the number of chops per phase is less than fifteen for 2
consecutive phases, OVERRIDE t, RESTRICTION is equal to 1.

A chain of three 74LS04 inverters is used to ensure that the
load input of the 74LS161 is low for a sufficient time before the
clock goes high,

Figure 3.16 shows the network gemerating the external
interrupt to the 8039 microcomputer. The interrupt is-sampled
every machine cycle during ALE, so the pulse of the monostable
serving as a nand gate input must be at least one machine cycle
in length or 1.36 psec long, To prevent a false reading caused
by a glitch or transient, a sense coil positive voltage during a
phase maximum current signal must be confirmed 2.31 usec later to
indicate a next phase detection. This is particularly important
in preventing a false detection during a short CURMAX glitch that

could occur at transistor turnom if OVERRIDE T2 RESTRICTION = 1.
8. Miscellaneous Details

According to T.I. gold plating on wire wrap posts is not
necessary. A T.I. technical report concludes that unplated wrap

is stable after exposure to harsh environments.8 Therefore, the
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use of unplated wire wrap sockets is not expected to cause any
problem.

Adequate use is made of capacitors. Before using the
circuit three huge electrolytic capacitors are attached to the
board’s barrier strip for voltage supplies. They are placed
between the power supply voltage and ground, +5V and ground, and
-5V and ground. 0.1pf ceramic capacitors are used between +5V
and ground and where applicable between -5V and ground for every
DIP on the board. 1In addition, six electrolytic 1000uf
capacitors are scattered over the board. Also, tantalum
capacitors of a few microfarads are used to'keep the collectors
of T1 and T3 and the emitters of Ty from deviating from their
steady state voltages. Finally, .05pf ceramic and 6.8uf tantalum
capacitors are used to keep comparator reference voltges
constant.

Three 3 amp fuses are present in the circuit. They are
located between the power supply voltage and ground, +5V and

ground, and -5V and grouad.
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P73 to P40 also output to the DAC latches. See Figure 3.9.
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Figure 3.15 Network determines if a Ty state is an external
interrupt requirement.
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CHAPTER 4 SOFTWARE ISSUES AND RESULTS

1, Simple Test Programs

An important part of a good design procedure for a system is
the inclusion of simple test programs used for checking or
debugging the circuitry. 7Two such programs are included here.,

The first one is titled D TO A SECTION TEST., This program
sends reference voltage levels to the appropriate comparator
input terminals. This allows an information route going from the
input data switches to the input switch I/0 expander to the 8039
microcomputer to the LED/DAC I/0 expander to the TALSTS5 DAC
latches to the DACs to the op amps to the pots to the comparator
input terminals to be easily debugged.

The second test program is titled TRANSISTOR SWITCHING TEST.
With this program any of the 5 transistor switching banks can be
repetitively switched. A phase bank will be repetitively l
switched between a specified minimum and maximum current level.
If the field transistor bank is tested, the field current is
brought up to the specified field current level and then the
field transistor is turned off for 44.6 milliseconds, a time
duration which allows the field current sufficient time to decay
to zero. Then, the field transistor bank is switched on again.

This program allows easy debugging of the transistor switching
banks.

2. Ihe RUN THE MOTOR Program

In the program titled RUN THE MOTOR the current level values
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used at startup are replaced with a second set of values when a
button is pressed. Thus, since the motor's greatest current
requirement occurs at startup, the phase current levels can be
decreased once steady state motion is achieved. This program
will now be examined in some detail.

The initial reset state sets all the output ports to one
thereby turning on all the transistors. The transistors are
turned off, the input switch I/O expander is enabled, and the
LED/DAC I/0 and main program I/0 expanders are disabled. When TO
is pressed, the field and first maximum values are inputted to
RAM locations on the 8039 via the input switch I/O expander.
When T1 is pressed, the first minimum and bottom values are
inputted. Then, TO is pressed to input the second maximum value.
Finally, T1 is pressed to input the second minimum and bottom
values,

TO is pressed to start the motor running. The LED/DAC I/0
expander is enabled and the input switch I/0 expander is
disabled. The first set of current level values stored in the
8039 RAM are outputted from the 8039 RAM to the DAC latches via
the LED/DAC I/0 expander. Then, the LED/DAC I/0 expander is
disabled and the main program I/0 expander is enabled. After an
18 unit timer wait, the field transistor is turned on until the
field current level rises to the desired value. A delayed check
of the field current level is made for extra certainty. Then, an
initial position sensing is made by inputting the sense coil
voltage polarities to the main program I/0 expander. The initial
sensing information causes the phase located between 180 and 90

degrees from its equilibrium position to be activated as the
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field transistor is turned off., The location containing the
first interrupt address is stored in R3, the timer is started
from zero, and the external interrupt is enabled. Before the
current levels are changed, when the program is waiting for the
first interrupt or is between interrupts, it will circle in a
simple loop testing for six timer overflows since the last phase
turnon and for thé pressing of the T1 button.

The generation of an external interrupt will cause the
execution of the first of the program'’s two external interrupt
routines. The first interrupt routine turns off the old phase,
turns on the new phase, restarts the timer from zero, updates the
phase registers containing the present and next phase
information, and resets R4 to allow for another 10 restart
attempts.

Before the current levels are changed, after a new phase has
been activated, if more than 6 timer overflows occur before an
external interrupt indicating a next phase detection occurs, then
a restart occurs. In a restart the phase transistor is turned
off and the program is reentered earlier at the MREST location
where the 18 unit timer wait occurs just before the field
transistor is tlu-ned on. Ten consecutive restart attempts are
allowed. After ten consecutive unsuccessful restart attempts the
transistors are turned off until the TO button is pressed again.
Pressing the TO button resets R4 to allow another 10 restart

attempts and causes the program to be reentered at the MREST

location.,

When the T1 button is pressed, the location containing the
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second interrupt address is stored in R3 and the next interrupt
generated will cause the execution of the second rather than the
first interrupt routine. The instructions at the beginning of
the second interrupt routine are identical to those in the first
routine. Then, it disables the main program I/O expander and
enables the LED/DAC I/0 expander., The second set of current
level values are then moved out from the 8039 RAM to the DAC
latches replacing the first set of values. The LED/DAC I/O
expander is disabled and the main program I/0 expander is
enabled., Finally, the address of the first interrupt routine is
stored in R3 so that all further interrupts will result in
execution of the first interruﬁt routine. Between interrupts the
program circles in a simple loop testing for six timer overflows
since the new phase activation., If six timer overflows occur,
then the program is reentered earlier at the START2 location
where R4 is reset to allow 10 consecutive restart attempts just
before the first set of current level values is outputted to the
DAC latches.

This program will accelerate the motor up to a maximum speed
of about one chop per phase relatively quickly. Although most of
the phase intervals contain only one chop, an occasional phase
has more than one so the speeds obtained are slightly less than
would be obtained by purely one chop per phase. Because the
current rate of change across an inductance is proportional to
voltage, then at higher voltages the amount of time per chop is
less and hence the speed is greater. Also, since higher current
levels take longer to achieve, once a current level that can

maintain a speed of one chop per phase is reached, further
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increases in the current level increase the time per chop and
hence decrease the speed. At 20V with the current levels kept

between 1.75 and 3.15 amps, a speed of 1625 R.P.M. is obtained.
3, Speed Control Programs

The program titled CONSTANT SWITCHING DELAY allows constant
load speed control. A time delay is put at the start of every
interrupt routine so that a time delay exists exists between the
detection of the new phase and the switching on of the new phase.
The 8 low bits of time delay are stored in R1 and the 8 high bits
of time delay are stored in R2. The first interrupt routine
takes advantage of these stored timed delays by starting as

follows:

SERVE1: DJNZ R1,SERVE1 ; DECREMENT THE 8 LOW BITS OF TIME DELAY

DJNZ R2,SERVE1 ; DECREMENT THE 8 HIGH BITS OF TIME DELAY
The execution of a DJNZ R.(decrement register and jump if
the contents are not zero) instruction requires 2 instruction
cyeles or 2.72 microseconds. Thus, time delays can be changed in
increments of 2.72 microseconds. Unfortunately, the use of 2
DJNZ instructions adds 5.44 microseconds to the minimum possible
delay since both DJNZ instructions must be passed through at
least one time during the execution of an interrupt routine.
Steady state speed decreases as time delay increases.
Measurements of speed resulting from the inputted constant time
delays were obtained for the unloaded motor running with a 20V
supply voltage and the phase currents kept between 1.75 and 3.15

amps over a speed range going from 17.6 to 1625 R.P.M. At speeds

88



equal to or greater than 108 R.P.M. a stroboscope was used for
measurements. For speeds less than 108 R.P.M. visual counting
was performed with the aid of a stopwatch or a pushbutton
electronic counter. The results are shown in Table 4.1 with
speed in R.P.M. and 1/(speed in R.P.M.) resulting from the
inputted constant time delay in units of 2.72
microseconds(exceeding the minimum possible 5.44 microsecond
delay caused by one pass through the 2 DJNZ instructions).

Plots of time delay in units of 2.72 microseconds versus
1/(speed in R,P.M.) are shown in Figures 4.1a-c. These plots of
delay units versus 1/speed show a very good linear fit.
Performing a least squares fit on the 131 data points with a
HP33C calculator yields the linear equation:
delay in units of 2.72 microseconds = 3.190 x 105(1/(speed in
R.P.M.)) - 130.3
with an excellent correlation coefficient of .99957. As
mentioned in Chapter 1 B.H. Wells expected an equation relating
delay and speed of the above type to result for a step motor
whose unloaded speed versus switching angle curve was nearly
linear.!

The program titled VARIABLE SWITCHING DELAY runs the motor
at a fixed speed by continuously varying the time delay between
new phase detection and new phase switching, The 8039 timer is
used to measure the time interval for 4 consecutive phases so as
to eliminate measurement problems caused by differences in the
individual phases. A calculation of the actual time interval for
4 consecutive phases minus the desired time interval for 14

consecutive phases is performed using 2 register arithmetic. If
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the result is positive, then the motor speed is too slow and the
delay time is decreased. If the result is negative, then the
motor speed is too fast and the delay time is increased. If the
result is zero, then the speed is correct and the delay time is
left unchanged. The number of phases that are to elapse between
every set of U4 consecutive phases that is used for speed
correction is fed in on the input data switches. At low speeds
the maximum correeiion rate is compatible with good speed
regulation, but at high speeds the maximum correction rate causes
marked fluctuations in speed to occur., Decreasing the correction
rate alleviates this problem. This program could run the
unloaded motor with a 20V supply voltage and phase currents kept
between 1.75 and 3.15 amps over a speed range going from 100
R.P.M. to 1640 R.P.M. Because feedback is used, this program can
be employed in varying load situations.

The program titled CONSTANT SPEED VIA VARYING CURRENT runs
the mbtor at a fixed speed by continuously varying the phase
current levels., The minimum phase current level is always set
equal to half the maximum level. The 8039 timer is used to
measure the time interval for 4 consecutive phases. A
calculation of the actual time interval for 4 consecutive phases
minus the desired time interval for 4 consecutive phases is
performed using 2 register arithmetic. If the result is
positive, then the motor speed is too slow and the current level
is increased. If the result is negative, then the motor speed is
too fast and the current level is decreased. If the result is

zero, then the speed is correct and the current level is left
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unchanged.

The number of phases that are to elapse between every set of
4 consecutive phases that is used for speed correction is fed in
on the input data switches. Table 4.2 shows the speed
fluctuations around an average speed of 1565 R.P.M. resulting in
this varying current scheme from changing the number of phases
elapsing between every set of U4 consecutive phases that is used
in speed correction. The best speed correction occurs with 20 to
24 interspersed phases. A narrow range of updating rates yields
maximum speed stability, and updating either more or less
frequently increases the speed fluctuations.

This program can only run the motor with average speeds
ranging from 1400 to 1710 R.P.M. The upper speed bound occurs
because the time per phase chop increases as current level
increases so once a speed near one chop per phase is reaéhed
further current level increases decrease the speed. The lower
speed bound occurs because the current starts to fall to zero

very precipitously.

4, Acceleration Profile Program

The program titled SUMMARY ACCELERATION PROFILE runs the
motor from rest to full speed while storing in the 8185-2 RAM
timer duration counts for 512 sets of the designated number of
consecutive phases. In this program the timer interrupt is used
.to increment the 8 upper time bits when a time counter overflow
ocecurs, After 512 sets have been stored in the RAM, all
transistors are turned off so the motor stops. Then, TO and T1

are alternately pressed to read out the timer duration counts in
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the LEDs.

Three trials were performed with timer counts obtained for
sets of 60 consecutive phases or 1 revolution.(The program titled
TRANSISTOR SWITCHING TEST can be used to prove that 60 phases
occur per revolution by single stepping the motor in an A=B=C-D=A
activation sequence.) _ In these trials measurements were made for
the unloaded motor running at 20V supply voltage and phase
currents kept between 1.75 and 3.15 amps. Table 4.3 shows the
number of timer counts in each of the first 100 revolutions for
each trial. The final average speed is taken as that speed given
by averaging the timer counts of the last 20 revolutions, Half
final average speed is obtained at some point from 14 to 16
revolutions and 9/10 final average speed is obtained at some

point from 39 to 43 revolutions.
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Table 4.1 Speed in R.P.M. and 1/(speed in R.P.M.) resulting from
the inputted constant time delays in units of 2.72 microseconds,

DELAY IN UNITS OF  SPEED IN R.P.M. 1/(SPEED IN R.P.M.)
2.72 MICROSECONDS
0 1625 6.154 x 10~%
4 1610 6.211 x 10~%
6 1595 6.270 x 10-4
8 1580 6.329 x 102
10 1565 6.390 x 10~%
12 1550 6.452 x 10~%
14 1540 6.494 x 104
16 1530 6.536 x 102
20 1515 6.601 x 10-4
2} 1490 6.711 x 10~4
28 1470 6.803 x 10-4
32 1455 6.873 x 10~4
36 1435 6.969 x 10-3
38 1420 7.042 x 10~%
40 1410 7.092 x 10-4
4y 1390 7.194 x 10~%
48 1370 7.299 x 10-%
50 1360 7.353 x 10~%
52 1345 7.435 x 10-4
56 1325 7.547 x 10~
60 1305 7.663 x 10-3
64 1285 7.782 x 10”
68 1265 7.905 x 10-3
72 1250 8.000 x 10~%
76 1235 8.097 x 10-4
80 1220 8.197 x 10~}
8y 1210 8.264 x 10-4
88 1200 8.333 x 1074
96 1180 8.475 x 10-4
100 1165 8.584 x 10~%
104 1150 8.696 x 10-%4
108 1140 8.772 x 10~%
112 1125 8.889 x 10-%
116 1115 8.969 x 10~2
120 1110 9.091 x 10-4
124 1090 9.174 x 10~4
128 1080 9.259 x 10-4
136 1060 9.434 x 10~4
140 1050 9.524 x 10-4
144 1035 9.662 x 10~%
152 1015 9.852 x 10-4
160 995 1.005 x 10~3
168 975 1.026 x 103
176 955 1.047 x 1073
184 935 1.070 x 10-3
192 915 1.093 x 1073
200 900 1.111 x 103
208 880 1.136 x 10™3
216 860 1.163 x 10-3
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DELAY IN UNITS OF SPEED IN R.P.M. 1/(SPEED IN R.P.M.)
2.72 MICROSECONDS

224 840 1.190 x 10-3
232 830 1.205 x 10~3
210 815 1.227 x 10-3
248 800 1.250 x 10™3
256 785 1.274 x 10~-3
264 770 1.299 x 10~3
272 760 1.316 x 10-3
280 750 1.333 x 1073
288 740 1.351 x 103
304 720 1.389 x 10°3
312 705 1.418 x 10-3
320 668 1.497 x 10~3
328 - 655 1.527 x 10~3
336 646 1.548 x 10~3
344 6146 1.548 x 10-3
360 640 1.563 x 10~3
364 630 1.587 x 10~3
368 619 1.616 x 10~3
372 617 1.621 x 10-3
376 610 1.639 x 10™3
384 600 1.667 x 10-3
400 583 1.715 x 10™3
416 575 1.739 x 10-3
432 554 1.805 x 10~3
448 552 1.812 x 103
480 526 1.901 x 1073
512 514 1.946 x 10-3
544 483 2.070 x 10~3
576 470 2.128 x 10-3
608 458 2.183 x 1073
640 432 2.315 x 103
704 505 2.469 x 10™3
768 375 2.667 x 10-3
800 360 2.778 x 1073
832 346 2.890 x 10-3
864 335 2.985 x 10™3
896 326 3.067 x 10~-3
960 305 3.279 x 1073
1024 288 3.472 x 10-3
1088 270 3.704 x 103
1152 256 3.906 x 10~3
1216 24 4.098 x 10™3
1280 236 4,237 x 10-3
1408 217 4.608 x 103
1536 203 4.926 x 10-3
1664 190 5.263 x 1075
1792 178 5.618 x 103
1920 167 5.988 x 10~3
2048 158 6.329 x 10-3
2304 142 7.042 x 1073
21432 135 7.407 x 10-3
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DELAY IN UNITS OF SPEED IN R.P.M. 1/(SPEED IN R.P.M.)
2.72 MICROSECONDS

2560 130 7.692 x 10=3
2816 119 8.403 x 10™3
3072 108 9.259 x 10-3
3328 100 1.000 x 10™2
3584 91.6 1.092 x 10-2
3840 8.3 1.186 x 10~2
4096 77.8 1.285 x 10-2
4352 72.8 1.374 x 1072
4608 67.8 1.475 x 10~2
4864 64 .1 1.560 x 10™2
5120 60.9 1.642 x 10-2
5376 57.8 1.730 x 102
5632 55 .4 1.805 x 10-2
5888 52,1 1.919 x 10~2
6144 ‘ 49,7 2.012 x 10-2
6400 48.0 2.083 x 10™2
6656 46.2 2.165 x 10-2
7168 42.8 2.336 x 1072
7680 40.6 2.463 x 10-2
8192 38.2 2.618 x 102
8704 35.8 2.793 x 10-2
9216 34.2 2.924 x 102
9728 32.1 3.115 x 102
10240 30.9 3.236 x 1072
11264 28.2 3.546 x 10~2
12288 25.8 3.876 x 1072
13312 23.7 4,219 x 10-2
14336 23.1 4.329 x 1072
15360 20.5 4.878 x 10-2
16384 19.3 5.181 x 10™2
17408 17.6 5.682 x 10-2
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Table 4.2 The speed fluctuations around an average speed of 1565
R.P.M. observed for differing numbers of phases elapsing between
every set of 4 consecutive phases used in speed correction in the
program titled CONSTANT SPEED VIA VARYING CURRENT

ELAPSED PHASES MINIMUM SPEED MAXIMUM SPEED

1 1310 1910

2 1280 1910

4 1300 1880

8 1300 1840
16 1520 1610
20 1540 1590
24 1540 1590
28 1480 1550
32 1500 1630
64 1460 1640
128 1360 1720
256 1280 1720
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Table 4.3 Three acceleration profiles showing the number of
timer counts for each of the first 100 revolutions as the motor
is accelerated from rest to full speed

REVOLUTION # TRIAL #1 TRIAL #2 TRIAL #3

1 3943 3545 2936
2 1745 2040 4067
3 3031 1511 4011
) 4098 2057 3406
5 2969 3679 3529
6 3121 2849 2894
7 2800 3167 2359
8 2611 3026 2286
9 2315 2437 2093
10 1982 2168 1915
1 1970 2145 1793
12 1837 1962 1713
13 1733 2107 171
14 1657 1857 1764
15 1562 1767 1510
16 1503 1582 1413
17 1450 1511 1384
18 1399 1448 1340
19 1351 1401 1387
20 1317 1362 1267
21 1264 1315 1233
22 1249 1279 1199
23 1214 1245 1196
24 174 1219 1131
25 1170 1193 1127
26 1124 1173 1102
27 1114 1135 1087
28 1085 1109 1066
29 1068 1100 1065
30 1069 1071 1015
31 1035 1063 1016
32 1018 1045 1010
33 999 1089 982
34 1000 1012 979
35 980 1010 966
36 962 984 954
37 957 963 936
38 946 966 943
39 936 9u8 926
40 927 936 916
41 934 936 910
42 901 939 913
43 930 909 895
4y 889 910 888
45 895 909 934
46 893 895 938
47 881 876 867
48 876 896 872
49 868 865 853
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REVOLUTION # TRIAL #1 TRIAL #2 TRIAL #3

50 859 876 857
51 871 881 852
52 862 869 857
53 859 857 830
54 858 853 856
55 8uy 868 831
56 846 857 8u5
57 849 854 836
58 952 856 833
59 824 858 833
60 831 836 877
61 830 857 891
62 830 833 825
63 832 858 877
64 870 855 822
65 873 900 820
66 823 8uT7 819
67 815 900 818
68 819 831 818
69 819 910 819
70 819 878 811
71 821 840 820
72 816 822 868
73 817 829 814
T4 819 831 814
75 814 830 808
76 815 821 822
7 817 821 812
78 867 822 868
79 814 819 815
80 815 878 815
81 813 823 813
82 813 824 813
83 819 877 813
84 862 8214 813
85 818 825 815
86 812 823 922
87 870 879 817
88 815 827 812
89 872 879 816
90 815 828 925
91 819 871 815
92 814 826 830
93 814 827 823
oy 816 822 814
95 815 820 822
96 869 820 830
97 872 820 882
98 815 818 817
99 815 819 876
100 821 987 879
AVERAGE LAST 829.0 842.0 837.4

20 REVOLUTIONS
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TRIAL #1 TRIAL #2 TRIAL #3

REV, TO ACHIEVE 14 16 15
1/2 FINAL SPEED
REV. TO ACHIEVE 42 43 ‘39

9/10 FINAL SPEED
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SYERST: 1

2 EXTINT:

TIMINT:

A STATIO TEOTA
L SECTION TESTHY

PAGE 1

SOHRCE STATEMENT

TESTRAC

THTS PROGRAM TEETS THE REFERENCE Y00 TAGE [EVELS SENT 70 THE
TNVERTING INPUT TER NYMA{” OF THE § FTELD. 4 HaX[MMITHR). 460
4 MINITMUMIMITIDLE) COMPARATORS ANDY 70 THE NONINVERTING TERMINALS

0F THE 4 BOTTOM COMPARATIRS 3Y THE 4 CORRES
ﬁﬂk (i CONVERTERS, WITH ALl POTS &FT 70
SUTRUT ”ﬂiT&[F IO THE COMPARATOR INAUT ’”UnL
HNF IN THE 2 DIGIT NUMBER APPLIED T THE D

Q%Nﬁl%h r[nxr L T?

AW am 4S wm sw am e an

t (PAMP (FFSE z—:r

! mm '.f’zu

s Tii O MY aND ¢ 1Lﬂﬂ_f
TOTNRUT TERHINAL IR AROIIT 5 ANPS 00

THE TP GET OF DATA INPUT ﬁur*‘quﬁ ud3&h
INIICATE Tqr VA IE TG BE ﬂ??‘]rﬁ 0 THE ”
STGNIFTCANT RIT AN PLO AR THE LEART 20N
P53 = 1 FNARLES THE LATCH QBHRF?H;ﬁﬁ THE
FIELD DAL,

P52 = 1| ENARLES THE LATCH ADDRESST
FTELT DAL,

Pel = | ENARLFS THE LATCH ADDRFSS
MAXTMUM(TOP) DAL,

PS = { ENARLES THE LATCH ADDRESSTNG
MAYTMIMITCRY (AL,

P42 = { FNARLES THE LATCH ANDRESST)
MINTMUMIMITODLE) Dac,

ShG WILL

NG THE 4

R

RITS OF THE

THE: THE 4 HIGR BITS OF TH

THE

CibE ST 8
G BITS OF THR

AITo moT
RS P

-

NG THE & HIGH

Pi; = | ENARLES THE LATCH ADNDRESSING THE & L0y BITS OF THE
HINTMIMOMITIOLE) TAC,
P41 = | ENARLES THF LATCH ADDRESSING THE & HIGH BITS 0F THE

FOTTOM DAL,
P40 = 1 ENRRLER
NTTOM DAL,

THE LATCH ADDRESSING THE 4

LW BITS OF THE

QRR 3
FYTERNAL TNTERRUF
D{? i
RETR
G 7
y TIMEDR INTERRIPT
TS TONTT
RETR

M A, #3I0H

QUTL P2,4 3 TSABLE THE MATH PROGRAM
Tl P& 3 TURN OFF THE TRANSTS

} TXPANDER, AND ENARLE

NAHL

§ :
T OTHE TNRGT
L!r"vrl Q F7

MW R4, A

Mn AR
HQU 54
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ITE-TT MPZ-427URT-41 MACRG ASSEMBIER. VA0 PanE

RE MY LINF STHIRCE STATEMENT

Gt on 5 M AP

i AR 4 MW RA.A

O013 Or &7 HUG A.P4

014 aF =2 MOV R7.4

0015 2340 59 WV &, 440H ¢ DISARLE THE TNPUT SWITCH I0 FXPANGER

o017 33 A0 QUTL P44 1 AND ENRELE THE LED/DAC 10 ZYPANDER

a0a FO &1 MWW ARS8

o019 OF &7 MOVL 77,4

oA FT £3 MOV ALRS

Mg 3F a4 MR PALA

0N FE L5 MY AR

oD an & HOUD PE.4

O0F FE &7 MOV A,R7

O01c an &3 MYUT P4,4

o070 2380 L9 MV A.HQ0H ¢ TITSARLE THE LED/DAC [0 FYPANDER

G077 0400 70 JMPOHFRE ¢ AND FNARLE THE INFUT SHITCH {17 FYPANTER
71 ENR

HEER SYMAN S

EYTTHT G003 HERF (000 REZET 0009 SYSRET 0000 TIMINT 0007

ASSEMBLY COMPLETE, NI ERRORS



TRIS-11 MOS-40/1PT-41 MACRD ACSFMBLER, V3.0 PAGE 1
TRANSTATNR 2WTTCAING TERT

i (R LINE STURCE STATEMENT
1 3 TRANSTATOR SWITCHING TEGT
2 5 THIS PROGRAM TESTS TRANSTSTOR SWITCHING WITH CURSENT REGIRATION
2 3 FROM THE COMPARATORS, THAT 135, THE PROMIBIT GUTAUT [3 JERG,
4 1 FIRET THE APPROPRTATE VAILUES ARE PLACED ON THE LATCHES SDERESTING
5 1 THE nACS,
A s 1.} 0N P73 T PAD. THE TOP SET OF DNATA TNPHT SWITCHES. THRTCATE
7 5 THE VALLFE 70 BF APPLIED T THE FIFLD DAC WITH P73 A5 THE M5B
3 T ANIT P&GO AT THE 1SR, LTKEWISE. ON PR3 TO P4Q, THE BOTTOM SET
9 1 00F DATA INPUT SWITCHES, TNRTCATE THE VAILUE T0 BE APPLIED ™0
16 1 THE DAL ADURESSING THE MAYTMUM VALUE(TOR) COMPARATORS.
11 3 PRESS T4,
12 $ 2.0 N P73 T PAD INDIICATE THE VALUE TO R APPLIET TO THE DRAC
13 3 ADDRESSING THE MINTMIM VALUE{MIODLE) COMPARATIRR, (N 2531 10
14 ! P40 INRICATE THE VALIE T BE APPLIEDR T TRE DAL ANMRESSING THE
15 § ROTTONM COMPARATIRS.
14 5 PRESE 71,
17 $ 3.1 THEN. SRLECT THE TRANSISTOR BANK T BE TESTED.
{ $ P71 =1 TRETS PHASE 4,
19 5 P72 = | TFSTS PHASE R.
0 5 P71 = { TESYS PHASE €.
7 1 P70 = 1 TESTS PHASF I,
22 ¢ PHASE T1IRRENTS ARE SNITCHER BETWEEN THE SELECTET MINIMUIM AND
23 5 MAYTMIM VALIES,
A $ IF NONE 0F THE ABOVE ARE CHNGEN, THE FIELL IR TESTED. AFTER
73 } REACHING THE SELECTED FIELD VALUE, THE FIELD TRANSTSTOR 15 TURMED
26 3 OFF FOR ARCHT 44,4 MILLISECONDS,
27 $PRESI T
i) $ 4.) TOOSELECT A NEW TRANSTSTOR BANK MERELY CHANGE THE
9 3 VALLE OF ThE P7 GHITCHES.
a0

000 A {IRG O
3% SYSRET: ¢ SYSTEM RESET

2000 0409 x| JMPOREGET
n

03 §5] RG 2
25 EYTINT: ¢ FYTERNAL INTERRIPT

anaR 15 27 s I

008 23 K] RFTR

{007 a0 | 7
41 TIMINT: @ TIMER INTERRUPT

a7 35 47 B1S TINTT

onog 22 43 RETR
44

o009 2380 4% BESET: MOV AL 830H

9008 2A 44 QUTL P2, 1 NTSATLE THRE MATN (0 ZYPANDER

(W 37 a7 MITL P1.A& 5 TURN 0FF THE TRANSISTORS. NTSARLE THE LET/OAR 10
4= ! ORYPANDER. AND ENAALE THE INPUT SWTTCH 10D ZYPSNDER,

0N 240N 49 MARTNI  NTO MATN

G008 3A0F S0 MERE1D  JATO HFREY 1 WATT &R TO T 3F PRESSED
51 MOUTT R.P7 ¢ HOUE IN THE & HTGH RITS

a7 Ao P MV R4,4 1 0OF THR FIRLD DA VALUE

O3 OF =3 MV AP L MOME TH THE 4 1LOW RTTS

N1d Al =4 MW ORS.A ¢ OF THE SIE10 DAC YALIE

s



TET8-T1 MC5-43/UPT-4{ MACRI ASSEMTER. V3,0 PAGE

B

TRANSTETOR SHITCHING TEST

LI R

s on
M4 OF
o7 or
0013 AF.
N9 4419
0018 5418
oMn oF
e A3
OMF OF
070 A%
o021 on
077 A4
GH3R of
4074 AR
7S 2340
0027 39
078 2300
o074 I
{X77R 7300
ooon it
{Q2E Ff
(F 3F
O FN
aoRY 2F
032 2303
o424 30
s FE
{038 IF
(037 FF
a03] 3F
022 7300
2038 20
020 7300
oNag o
0k R
040 3F
04y F9
047 OF
0043 2303

N4s 30
(044 fa
0047 F
(048 FR
047 3F
AR AN
O0an I
004N 2820
Q0&F JLAR
0051 7280
0053 39
=4 OF
G055 7270
057 5287
57
(SR 17a0

LINE
SA
:7
55
59
40
I3
A
&3
A8
A%
Ah
A7
A3
A9
70
71
72
73
74

73
b

i

77
73
79
a1
D)
a2
24
a8
24
a7
=9
Rl
N
72
KX

24
25
4
97
29
106
0]

L] {k‘\

L")d
105
104
in7
103
147

SMRCE STATEMENT
MOVD &.PS
MV RALA
WOV A, P4

MOVE TM THE 4 HIGH BITS
{IF THE MAXTMIIM DAC VALIE
MOVE IN THE 4 L0W RITS

OF THE MAYIMUM DAC VALLE

w4 em aw

HEREZ2: JNTY HFREZ

HFRE3: JT{ HEREZ 3 WAIT FOR T1 TO 5E PRESSE
MWWE A.F7 53 MOVE TN THE 4 HIGH qrrq
MY ROLA 5 IF THE MINTMUM DAL VALLE
MOV A,PA 1 MOVE TN THE 4 LOWK RITS
MOV RY.A 5 OF THE MINIMUM DAC VALIE
MOVD A,P5 3 MOVE IN THE 4 HIGH RITS
MW R2.A t OF THE HOTTOM DAC VALLE
MIVDI A,P4 1 MOVE TN THE 4 LOW BITS
MW R34 1 OF THE 30TTOM DAC VALUE

MOV A, 840H 5 DITSARLE THE INPUT SWTTCH 10 EXPANDER
QUTL P14 5 AND ENARLE THE LETVDAL I EYPANTER

W0y A, 80CH | DISARE THE 2 MAXTMUN DAC (ATTHES

MOUD PS,A 3 AND ENABLE THE 2 FIELD DAC *mr HES

MOV A$00H ¢ NTSARLE THE 2 MINIMUM ANR 2 ROTTOM LATCHES
HOVT) P4, A

MV A.R4 ;3 MOVE THE 4 HIGH BITS

MAUR 27,4 ¢ OUT TN THE FTELR DAD

MV ARS ¢ MOVE THE & (0 RITS

MOV PA,4 ¢ QUT T THE FIELD DAC

MOV A, #03H 5 DISARLE THE 2 FTELD DAC LATCRES

MOVD PS,A 5 AND ENABLE THE 7 MAYTMIM DAC LATCHES
MOV A.RA ¢ MOVE THE 4 HIGH BITS

MOVR P7.4 1 OUT T0 THE MAXTALM VAL DAC

MOV A.RT ¢ MOVE THE 4 LW RITS

MOVD PA,A 3 GUT T THE MAXTMM VALLIE TIAC

MV A, 800H 1 DISARLE THE 7 MAYIMUM VALUE [AC LATCHES

MOVG PS.A

MOV AJIOCH 3 ENABLE THE 2 MINTMUM VALUE DAC LATCHES
MOVD 74,4

MOV A.RD ¢ MOVE THE 4 RIGH RITS

MOV 7.4 ¢ LT TO THE MINIMIM YALUE DAC

MW ARL 1 MOVE THE 4 17 BITS

MOV PALA 1 T T THE MINIMUM VALHE DAC

MOV A, #0°0H ¢ DISABLE THE 2 MINTMUM DAL LATTHES

MOVD P4, A& 3 AND ENABLE THE 2 BOTTOM DAL CATCHES
MV 4.R7 1 MOVE THE & HIGH BITS
MOVD P7.4 3 ONT TG THE BOTTIM DAC
MW AR 3 MOVE THE 4 [OW BITR
MOV PA.A ¢ OUT T THE BOTTOM DAC
MV A B00H ¢ DISARLE THE 7 ROTTOM TWAC LATCHES
MOUD P3L,A
HERE4: | INT{ HERE4
HERFR: TG HFRE H .uHIT FiR .t) ki1 BE PREE‘.!?EH
PHT! DI Q H ni‘-li“ FN{-‘-”-I F T’Ar TNP’_{T "‘HTT(‘.H 7(" EK"A'\I"’"
SELECT: MOVD A.P7
JRT ACHLY
JRZ EONLY
JHL CONLY
JRG TONLY
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Lon Rt

ST 2300

A4 A9
{NsS 0F
OAA 57
Uﬂéf 7255
147 0463

(\r)n-x A
ol

GOAD 39
{DLE 38
AR 2
mn7h &2

a7t 55

On77 Bend

074 1473
T4 DT
073 FI74
GOTA A5

CO7R 0AS4

oaTh 233t
{7 39
130 D454

o0as 9
O0Es (454

0087 77
h ‘m-‘".;

(038 454

el 4
5

G0RF 0454

Horn -'\n..(qr ,:.
ANl Y ,ﬂ"ﬂ
SEREY O00F

SRLECT 0054

AGOFMRLY COMPLE

LINF

tHa

~1T MPR-AS/UPT-41 MACRD ARSEMELER. V3.0
SWTTAHING TERT

111 FONLY:

142

e e oot ot aarbe e

DL T D L
; :

SRS e s T TN TS

e et
-t

134

S FAFNSE:

121 FOFF:

WHTT:
MORE:

135 AONLY:

134
137
1
159
140
144
147
143
{44
145

{44

147 Tt

143
149
150

151

BN Y

aoe?
a7
0000

ETE, Nt FRRGRS

BONLY:

CONLY:

¥:

SOURCE

TIMINT 0007

PAGE 3
STATEMENT

MOV A, B00H 3

T P24

MOU AL S0TOH

00T 21,488

MWD A,PL ¢

MW 31,4

MOUN ARt

AN AR

JBO FOFF

MR FRENEE

MO n.ﬂgﬁH TURM OFF THE FTELT TRANGISTOR

GUTL PHLA 3 AND SMARLE THE TMTTTA, ”A[‘” 0 OFCANNTR

CUTL P2,A 5 DISARLE THE MAIN PROGRAM T EXPANTER

CLROA T WAIT PR ARCHIT 84,4 MILLISECINDS

i -U’ T*A

STRT T

MOV RI.#4 ¢ NIUMBER OF TIMER (WERFIOMS FEF
T ON AGATH

ENABLE THE MAIN PROGRAM T0 EXPANDER
THRN "IN THE FTELD TRANSTAETOR
'B 'T'“?lF THE INITTAL YALUE [0t £
CHECK FIELD CURRENT LEVEL

CONFTRM WITH A DELAYRD CHECH

{FANDER

(RE THE FIELD 13
JTF MORE

JMPOWATT

NN7 RYLWAIT

STHP TONT

JMBSELECT

MOV 4. $81H
QUTL P1LA 1 THAN (N
JMP SELECT

PHOSE A

MV 8,387
T, 24,4 5
JHR SELECT

THRN (% PHAZE B

A

MOV A, #34H
it P& s
JMP SELECT

VRN N PHASE

MO 2, B
QUL PLLA
JHPOSELECT

THRN AN PHASE [

ENDI

oMY 00a7 LY EYTINT 0003 EFF Oh&D
WFRED CGIR HEREA HERES  OGEF MATY G000

AT

THRNET

"!"AJ[

e
MOAE




AGMAR IF{ISTIAIN, MAT TRRLG YREF TITLE( AN THE MOTARY

TRIS-1T7 MCE-23/1PT-41 HACRD ASCEMRLER. V3,0 FAGE i
RilM THE MOTDR
LAM (R | THE STURCE STATEMENT
1 1 DR{GRAM TO RN THE MOTOR
2 T INITTALLY THE FIELD TRANSISTOR 1S TURNED (M AND THE FIFLT DURRENT
3 H R 4II?&Fn T RISE UNTTL [T REACHES A [EVEL DETERMIMED 3Y THE
4 ¢ FTELT MAL VALIF FET *M N TPF INFIT TATA SWITCHES, & FESTART
] T WL AR SHRECT FTELD CURRENT TO THE SAME RERLATION, Pdacs
& t CHRRENT 4TIl RE KEPT EETWFEN HAXTMUM AND MINTMIM [EVELS DETERHINGG
7 tOAY THE MAXTMLM AND x.TNfH“"ﬂ TAD VALIES FED OTH ON THE IHRNT TATA
a t SWITRHER, PRESSING THE TO RUTTIN HYII START THE HOTOR AND FRESSING
2 1 THE T{ RUTTON WILL REPULACE THE ”?Iﬁ}ﬂal MAYTMUM AND HINTMUM PHAGE
16 s LEVELS KITH A CEﬂﬂMn SET ﬂF MAYTMUM AND ﬁIMTHﬂH PHASE [EVELS,
t1 T ORECAISE THE MaX ‘*ﬁm CURRENT REGUTREMENT OF THE MOTOR QOGRS AT
12 3 STARTHP, IT 15 HRUALLY DESTRARBLE 70O NECREASE DH“'F [4RAENT ONCE
{3 1 STEARY ATATE ﬁﬁ:{ﬁﬂ HAS GFEEN ACHIEVED. EYATERNAL THIRRANSTS T
14 y INQITCATE DETECTUON OF THE NEXT PHASE WILL EE TRI!G “RED Y 7ERO
15 $ CAESINGS 0F THE SENSE UAVESDRMS GOTAR FAOM NEGATIVE TO MISITIVE
14 3 POLARITY.
7 1 T0 N THE MOTOR:
ig H 1,) N P72 TR PAP THE TOP SET OF DATE INPLIT SWITCHES. INRICATE
17 ¢ THE FIELD DAC YALURE WITH 773 A T4P M5B AND PAQ A% THE L8R, 0N P53
0 H Tn Pdﬁ, THE BOTTOM OET (F DATA INPUT *NI..hF’. (NnIIﬁTF TPE FIRST
el s VALUE TO BE APPLIEL T TMF NAC AGTRESST THE MAYTMUM YALLE(TOR
7 : i“FFkEﬂTﬂR“ WITH PR3 A5 THE MSR AND P40 ﬁ’ THE LSE.
7 1 POFRS TO,
el 820 nd PI3 T0 PLO INDYCATE THE FIRST VALDE TO BF APPLIED 7O THE
i) 3 DAN ADDRESSTMG THE MINTHUM YALUEIMTIGOLE) IMPARATORS, N FRI TR
Zh Y P40 INDICATE THE FIRET VALUE TO BE APPLTED TO THE DG ADTRESSING
7 s THE BNTTOM CCFPéd. (R3,
Y 5 PRERS T,
7% I3 PEﬁ T PA) IMOTCATE THE SECOND MRYTMIM VALUE,
Riy] } BREZS T0,
= s 4,) (N F73 TD PEG TMUICATE THE SECONT MINTMIIM VALLE, 0N P52 7O
12 H 940 IﬂanAT’ THFE SECONG BOTTOM VALLE,
33 VPRESE T
24 L PRF%S TO TN ATART THE MOTOR WITH THE FIRST RET OF VALIES,
a5 U oA, ) FRESS T1 Ti REPLACE THE FIRST SET OF VALUES WITH THE SECOND
24 y SET,
e
S000 a2 RGO
37 BYSRET: 3 SYRTEM RESET
0000 G308 A} JMO RESET
41
003 47 fRG =
A% FYTIMT: ¢ EYTERNAL INTERRUPT
A003 FR 44 MOV AWRT ¢ NP T THE FYTRRMAL THT “V?T ROLTINE WHISE [OCATIOM
0004 B3 a5 JEPP B0 1 15 STORED AT THE ADDRESS TN RZ
14
07 47 G 7
42 TTIMINT: & TIMER INTERRUPT
{07 35 4 1S TONTIT
03 23 20 RETR
=1
7 OF 57 TATAY: TR 1 OM =ERVED
i Gh 53 DATAT: i ;




TRT5-11
RN THE Mﬂ’ﬁR

(BLN

GO0R
L]
0aF
O00e
[L 8}
M3
oS
AT
007
0018
{019
A
MR
oot
anin
O1F
O0tF
{020
0a?
o4
0025
O07h
37
72
079
7R
2R
00
anan
ON3E
a0
anan
3032
0024
31w
0034
37
{038
{037
)24
HYX
00oF

O03F 0

(040
0341
{47
0043
a044
045
044
47
o042
G0ay
0044 ¢
0GAD

Rl

200
v
A
FROF
"!l.ji
B30
iF
a0
18
0OF
iy
13
on
]
12
o
A0
AA70
Ly
ia
oF
A0
i
63
A0
}'D
m
a0
12
o
iy}
2430
K32
12
on
A0
12
ar
£
AL3G
5630
17

Fat

Al
i3
(\L‘
AD
12
on
a6
12
an
&0
"i.: *A
2840

S-43FT-81 MACRD ASSEMBLER. V3,0

LINF SOURCE STRTEMENT

A% RESET: MOV A, 4004
A QT PLL,A
=7 i, P2,4

TURN {IFF THE TRANGISTCRS, ENARLE THE INPUT SWITEH
SUITCH T EXPANMER, AND NTSABLE THE LED/DAC 10 EXPANDER

NISABLE THE MATN PROGRAM T0 EXPANDER

59 HERE?: ITO HEREZ ¢ WAIT FOR TO TO BE PRESSED

58 HERE{: NTO YRREY
Al MOV RO. 8704
A1 MAVD A, PT
42 MY 8R0,A
42 ING RO

¥ MOV 8,24 1
5 MW 8R0.A 3
h4 INC RO

&7 woun ALPT 3
43 MOV 2R0.4 3
A3 INC RO

70 MWD B,P4 ¢
A MV 8R0,A ¢

72 HERE:  JNT{ HERER

72 HERRA:  JT{ HERE4
74 INC RO

73 ¥R A, P7 3
7h MY 280,44
i INC RO

73 MOVD A, P4 4
79 MOV 8R0,A 3
a0 ING RO

a1 MﬂUW A.P5 3
a2 MV 8R0.4 3
a2 INC RO

a4 Movn A,P4 3
" MV BROLA 1

24 HERES:  JNTO HERES

37 HEREA:  JTO HEREA ¢
o ING RO

39 MWVD 4.P5 8
94 MV 8R0.A 1
7 ?NE RO

e MOUTL ALPA
3 an 2R0,4 3

24 HERE7: NT1 HFRE7

95 HERER: .JT! WERER
4 N RO
7 WOVE 4,P7 3
23 MY 8R0.4 ¢
79 INC RO
100 MWD ALPA 3
101 MOV BR0L.A
107 INC RO
103 MOVTE ALFT 1 !
104 MOV BRO.A ¢
105 TNC RO
4 MOV AWPR
107 MY ARGA ¢

102 HERE?: . NTO HEREZ
109 HERE1O: JTO HERELD

107

s
2
[}
1

MOVE THE 4 HIGH RITS 0OF THE
FIELD VALLE TO MEMORY LOCATION 20H

MOVE THE 4 L0W BITS OF THE

FTELD VALUE VALUE T DATA MEMORY LOCATION 21H

MOVE THE 4 HTGH BITS OF THE FIRST
MAXIMIM VALUE 70 DATA MEMORY LOCATION 224

MOVE THE 4 LW BITS OF THE FIRST
MAYTMUM VALLE TO DATA MEMORY LOCATIAN 234

WAIT FOR T TO BE PRESSED

MOVE THE 4 HIGH BRITS OF THE FIRST
MIMIMUM VALIE TO TATA MEMORY LOCATION 24H

MOVE THE 4 {0W RITS OF THE FIRST
MINIMIM VALUE T DATA MEMORY LOCATION 254

MOVE THE & HIGH RITS OF THE FIRST
BOTTOM VALLE TO DATA MEMORY LOCATION 26H

MOVE THE 4 [0W RITS OF THE FIRST
BOTTOM VALUE T DATA MEMORY LOCATION 27H

WALT FOR TO TN BE PRESSEN

} MOVE THE 4 HIGH BITS OF THE SECOND

MAXTMIM VALLE T DATA MEMORY LNCATION 28H

MOVE THE 4 [ (i RITS (F THE SEROND
MAYTMEM VALLE TO DATA MEMORY LOCATION 29

WATT FOR T1 T BE PRESSED

MOVE THE 4 HIGH BITS 17F THE SEQOND
MINIMEM VALLE T DATH MEMORY LOCATION 2AH

MOVE THE 4 |0 RITS OF THE SECOND
MINTMUM VALUE T DATA MEMORY LOCATION 28H

MIVE THE 4 HIGH RITS (OF THE SECONG
HITTOM VALUE TO DATA MEMORY LOCSTIIN A0H

MOVE THE 4 {0W RITS OF THE SECONT
ATTOM VALLIE T [ATA MEMORY LOCATION 7D

WATT FOR TO REFORF THE MOTOR 5TARTS



TST3-T1 MLE-43/UPT-41 MACRD ARSEMALER. V2.0 e 7
RN THE MATIR

I0C fRl LINE SOURCE STATEMENT
(G4E RCEA {10 START2: MOV RA.$-10 1 ALLOW ONLV 10 ATTEMPTS TN START THE MOTOR
{050 2240 i1 MOV A, $40H 3 DISARLE THE INPUT ZWITCH T EXPANDER

{HITL PLLA ¢ AND ENABLE THE LED/DAC I0 EXPANDER
MOV 4, 80CH ¢ DISARLE THE 7 MAXTMUM D60 LATCHER
MIVD P5.4 3 OND ENARLE THE 2 FIFLD DAC LATCHES
(LR A 3 DISARIE THE 2 MINIMIM

MOVD P4.4 1 ANDI 7 BOTTIM DAL LATCHES

MOV RO 820H

MOV A,8RD 3 MOVE THE 4 HIGH RITS

057 3
0053 2200
0088 A
WS4 77
0057
0053 B30
Q0ZA FO

M 1N |

Jomt Jamale fretlh e Jorecdn et s
Sl (e oy B el o
RN B JEE) BF 00 ]

SR 3F 119 MOVTE P7.A ¢ DUT TG THE FIELD DAC
0050 143 120 INC RO
G050 FO 121 MOV A, 8R0 5 MOVE THE 4 [OH BITS
6O5E 38 122 MOV PA.4 5 QUT 0 THE FIELD DAC
O05F 7302 122 MOV A, 802H 3 DNISABLE THE 2 FIELD DAC |ATCHES
0041 20 124 MOVD PSLA 5 AND ENABLE THE 7 MAXIMUM DAC LATCHES
02 18 173 INC RO
O0AT £O 134 MOV 4,8R0 ¢ MOVE THE FIRAT 4 HIGH RIT3
(048 3F 12 MW P7.4 ¢ CIT TO THE MAXTMLM VALLE DAC
aes 12 123 INC RO
{045 FQ 129 MOV A.8R0 5 MOVE THE FIRST 4 LOW RITS
(047 3E 130 MOUD PALA ¢ TUT TO THE MAYIMIM VALUE DAC
6062 27 i MR A 1 NTSABLE THE 7 MAXTMIM DAC [ATCHES
067 30 132 Mvn Ps, A
04A 2200 133 MOV A.80CH 3 ENABLE THE 2 MINTMUM DAC LATCHER
G0AL 36 124 MOVD 24,4
G0sR 1R 135 INC RO
ODAE FO 136 MOV A.8R( § MOWE THE FIRST 4 HIGH BT
0&F 3F 137 MOVD P7.A & OUT TO THE MINIMUM VALLE DAC
0070 {2 13R NG 20
0671 FO 137 MOV A.8RO 1 MOVE THE FIRST 4 LOW BITS
0072 35 140 MOUD P4 5 BUT T THE MINTMUM VALUE DAT
0073 2307 141 MOV A.807H 1 NTSARLE THE 7 MINIMUM DAC LATCHES
0075 2L 142 MOVD P4,4 1 AND FNARLE THE 2 BOTTOM DAC LATHES
0076 14 42 INC RO
0077 £0 144 MV A.8R0 3 MIVE THE FIRST 4 HIGH BITS
(078 2F 145 MOUR F7.0 1 DUT TO THE BOTTOM VALUE DAC
0079 13 144 THE RO
(976 FQ 147 MOV A, 8RO ¢ MOVE THE FIRST 4 LW RITS
0078 3£ 143 MOV PA.4 5 OUT TO THE BOTTOM VALUE DAC
qa7e 27 149 CLR A 1 NTSARLE THE 2 BOTTOM DAC LATCHES
a07n N 150 MOVD P4,A
0078 7300 15 MOV A, 40C0H ¢ DISARLE THE LERVIAT 10 EYPANDER
0RO 37 132 T 1.4
a0 7 52 CLE A 5 ENARLE THF MAIN PROGRAM T4 FXPANDER
G0ar A 154 GT P4
{027 D47 155 JHPMRERT

156

157 1 SHERONTINES
anas IFF 158 WATTIT: MOV Ad-1 1 WAITIT WATTS FOR | TIMER INIT
0027 42 159 WATTTM: MOV T.4 ¢ WATTTM WATTS FOR & OF INITS OF TIMF
0037 55 156 STAT T 1 EGUAL TO THAT TN 4
(08?1420 tA] WAITTFT JITE WTMR ¢ WATTTF WATTS FOR TIMER FLAG
S02R 0459 162 JMPOWATTTR
D &5 1A% WTMR:  2TOP TONT
NG3E 2 184 RETR

110
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.
Lac

onae

R

rt'\r]’) B

093 3

09s

§ ;c‘)u,t'
{ ‘l ,Q’?
R

074
1095
0a
000
{WPF

MOTOR

ot

Cat

L et

-
s o b

a9

(DAS 22

Q05k
a7
(A%

(643

O0AT
L HA
GNaF
ahaF

OfR1 |
HGRY A
{11R%
N0E4

FE
4360
%
InF

_ﬂ?\J Y]

-
7
7

L]

<

.l

BRQA

—
Py
n

“t~
o fﬂ

P aTie

B
Y ¢

=l

R

e ~od k)
Fa

by

m*.._‘_‘A“,._‘..“_‘.mm._-_ﬁ‘q...*‘_,‘_A,_*,m*
3 nd e o o
NG T I

SERVEL:

-

SOHRCE STATREMENT

¢ FYTERNAL INTERRUPT RONTINES

MY A,R5

(R AEOECH

CUTL P1.A 1 TURN OFF THE (LD FHASE ANDH TURN ON THE NEW PHASE
GNL PLLBODFH ¢ TURN OFF THE PROMTITTION 0F DAC ROROATION

R 4&

MW T.4

STRT 7 ¢ ATART THE TIMER FROM O

MOV RS, 84 1 NUMEFR OF TIMER CVERFIOMS DEFORE A RESTART 15 ENTRERED
MV A,RA ¢ IFDATE PHASE REGISTERS R7.RA
MO R7.4

SHER A

R A.RA

fLA

AN A.¥0FH

MOV R4,

MOVT P7.4 & FNARLE NEYT PHASE TO NPT 70 INTERRURT

MV R4, E-100 ¢ TF ON LINOERSPEED OCTHRS ALLGW 10 RESTART ATTEMPTS

RETR

MOV A, RA
R A, 30E0H
TUTL PU& ¢ TURN OFF THE OLD PHASE AND THRN N THE NEW PHASE

ANL D1.$00FH ¢ TURN (FF THE PRCHIBITION OF DAT LATTON

"".l

"gA
..V T,
STAT T ¢ START THE TTMER FROM O

5]“ xﬁ‘ﬂﬁ { MUMPER OF TIMFR OWERFLOWS REFORE A RESTART 13 ENTERER

ﬁ

0 e

MOV AWRE ¢ UPDATE PHASE REGIZTERS R7,R&
Y] R7‘§

?&ﬂ?

R AGRA

g A

AL A, #0FH

MOV RALA

MWD B7.4 1 EMARLS

(RL PP.830

A P #7r

WO AL RS

MH N ES,
PR A RTRARLE

“h HE

M ROL470H

ﬁPU A4.8R0 § MOVE THE SEVOND 4 MTGH BTTS
Movn ”’ WA CHT TOOTHE MAYTMUM UXLE DA

{1



1515-
RIM THE MOTOR
100 DR
M7 12
o0CR FO
00 28
O0CA 2
$OCR 3
LT
00CE
O00F 13
0000 !
oy 3
00n2
a0na ;
o5 ""*n"
N7 o
o 18
0n? Fo
anng 3
O0TR 18
annt Fo
annn 2F
(one 27
O00F 3
00 3920
ONEZ PR7F

Q0E4 RROZ

CHT K

(0E7
O0F9

29FE
1437

ODER

A
{{IFF
{EE
Q0F0
G0F
00F3

2910

OF
&3
(F
52
17F5
{4FD

COFS
(0FA
oG
S0
107 704
[UHo el U
0104 2714
103 2410

or

24K

1704

arat

Gi0F "4"('1

LINE

1T MRR-4R/1PT-41 MACRD ASGEMBLER, V3.0

Rl

LS H

NPAGE:
4 EDATIE

«t_')F!fZ:

PRGE &

SNURCE STATEMENT

INC RO

MW A,8R0  MOVE THE ':‘xFl"ﬂ’Jf} 4 L“’é RITS
MIVD PALA ¢ OUT 1O THE MAXTHMUM VALUE DAC
fIR At DISARLE THE MAXTMIN DAC m"fHF
MR PS4
MOV A, 80CH 5 ENABLE THE MINTMM [RC LATCHES
MWD P4,4

H

MV A,8R(0 5 MOVE THE SRCOMD 4 HIGH RITR
MOVTE ©7,4 t QUT T THE MINIMUM VALLE Dar

INC RO
MOV A. 8RO ¢ MAVE THE SECOND 4 1AW BITS
(0T TO THE MINTMUM VALLE DAC

HOVD P4 3 .
MOV A, B0 : DISABLE THE 2 MINTMUN DAC LATCHES

P}g\'{ﬂﬂg‘i JA ¢ AND ENAMLE THE 7 BOTTOM DAC LATCHES
MOV A.8R0 1 MOVE THE SECOND 4 HICH 3178

MOVD P7.4 5 04T TO THE BOTTOM NAC

NG R0

;H'IU A.8R0 1 MIVE THE SECOND 4 LOW RITS

MOVR PALA 5 OUT T0O THE BOTTOM DAC

CLR A ¢ DISABLE THE 2 ROTTOM DAC {ATCHES

MVD Pf; &
ORL P1,480H ¢ NISARLE THE LETVDAC 10 EXPANDER
ENABLE THE MAIN PROGRAM [0 ZXPANDER

AL P2, 87FH
MOV R3804 TATAL ;

1 OF THE FIRST INTERRUPT RIUTTNE N A3
RETR

MOV A, #-18 4
CALL WATTTM

START DELAYED FOR 1% UNTTS

ORL P1,#10H 5 SWITCH AN THE FIELD TRANSISTOR UNTTL THE FIELD
3 CHRRENT REACHES THE VALUR TETERMINED Y THE FIE

MOVD A.P& ¢ CHECK FTELD G_JERFNT LEVEL

MV R1,4
MOUDL A.P4 5 COINFTRM WITH & MELAYED CHECK
ANL A, R1

JBO MEEN
JMPOFON

HOUD A,P4 s
JHP NPAGE
{IRG 100K

INTTTAL PORITION SENSF. SIGNAL TS

JB0 S0

JP3 BRO ¢ SENGETI CD MEANING POSTTION A

MR BRO 5 SENSED B MEANING POSTTION D

JBY OB ¢ CGENSED AR MEANING PAOSITION [

JMPORRO ¢ SENSED TA MERNING POSTTION B

Y NEFINE R7 A8 CURRENT PHASE SRITCH. R& A% NEYT PRASE SWITCH

MY R7,#0MH
MY RE,#O7H
MR A1

R

STORE THE LOCATION TONTAINING THE AMNKESS

A

WIE T IFY/T)

I

l‘-

.



TETE-TT MOS-4R/1PT-41 MACRT ARSEMBLER, V.0 FAGE A
AN THE MOTOR

L0 DR LINE SOURCE STATFMENT
LY

a1 Bee
0114 2470

st 275 5SRO MW R7.8474
7L Moy “.3048
277 MR 3

278 50 MOV R7, #0484
. 279 MOV RA.H02H
0114 7470 a0 JMP 51

a0 BFDR ;1 SN0 MY 97, 8034
O41E BEO1 ?ﬁ? MV RA.40MH

* ETAGE |

MV A.804H ¢ SELECT SENSE INTERRUPT
MV P4, 4

MOV RE.ELOW DATAL RF THE LOCATION CONTATNTNG THE FIRET INTERRUFT

3 ST

+ ADORESS IM R3

M ALRL

MOVN P7.4 3 EMABLE NEXT PHASE TO TNRUT T TNTRRRUPT

MW 4,R7

R A 40E0H

LS Pi [ 3 ThRN OFF THE FIELD AN THEN NN THE SELECTED PHASE
ANL 1L BOURH 1 TURN OFF THE PROHTIBITION OF 0AC l”QRFNT REGHLATION

oRa

WV T.R

STRT T 1 START THE TTMER FROM O

MY RE.84 3 NUMBFR NF TTMER OVERFLOWS RERFORE 4 RERTART [5 ENTERED

0178 29
0173 990F

AR *7

M T 3 ENRRLE THE FYTERNAL INTFRRUFT

S04 WORKE T JNTT WORKE D
05 JTE MORET

S04 JMPWORKEA

A7 MORET: DLNY q,.unnwxz
R ne 1

0B STOR T!NT

210 JMP RFETRT

K49}
THEF GASA 247 HOREL 2 T R7

D1AE 1485 Ha JTF MORET?

MR HORKT 2
MBRFTE MUNT RS, UIRKLY
nis
ﬁrpn TOMT
RFE?TRT’ MEU A $OCOH t TURN [FF THE TRANZTSTIR
EEE I
TNC KA ¢ TF 10 TRIALS ARE P THEN STOP TILL TO 1S FRECSED ARATN
MU AR
47 HFRF1d
JME MREST
HFRF11: NTO HFRF1
HEREL2: IT0 HEREZ
MO R4 E-10 1 AW {0 RESTART ATTEMPTR

JMPOMREST

o
e

an

STasE 7



TRIA-TT MOE-22/1PT-41 MACRO ASSEMBILER, V3,0

RN THE MOTOR
LT Rl
0154 EROA

MEL 144D
0158 2450
A1a0 B0
ME2 15

0143 &5

0144 2280

O1h4 24
0147 044E

HEER ovmERLS
FATRY 0007
HERF? G
MORFT1 0129
a0An 01
SERVEY 008F
RORKLY 0133

ABSEMBLY COMPLETE,

LINE

0
T
Kerd

SOURCE STATEMENT

MV R, HL0N TATAZ

3R WORKLZ: JTF MORETI

234

JHP WIRKLY

. am A

I35 MORETR: L7 RE.WORKLI

ny
340
241
242

NATAZ  000R
WERER 00720
MORET? 0145
Z0RC_ 0194
SERVEZ (0R4
WORKL2 G13F

oS 1
TP TONT

PAGE 7

LEVFLS TN R3

MOV A, R0 5 DISABLE THE MAIN PROGRAM 10 FYPANDER

HTL P24
JMP START?

END

EXTINT 0003
HFREA 0022
MORETZ 014D
a1 0420
START2 O04F,
WORKL2 015

Nt FRRORS

o
-
&

FON  OOFR
HERED (030
MREST DOE7
52 t=a
SYERET 0000
WTMR 063D

HERE
HERFS 0032
MEEN  OOFG
S0 G104
TIMINT (9007

O0OF

HERETD 004
HERET 0024
NPAGE 100
SRG 910
BATTIT (085

ETORE THE LOCATTON CONTATNING THE ANDREES 0F
TAE INTERRUPT ROUTINE THAT CHANGES THE DAC

HEREY§ (152
HERER 0020
RESET 000
a0 0114
WATTTF 0087

HERETZ D54
HERE? 0044
RESTRT 0147
RV I
RATTTH ONR7



AGMAR (FUITRTDEL.MAC DERUG REF TITLZOCONATANT SHITCHING DELAY)

TETE-TV WOE-43/11PT-41 MACRO ASSEMELER. V3.0 PAGE 1
CONSTANT SHTTCHING DAY
1O MR I INE SIAIRCE STATEMENT
i 4 PROGRAM T RUN THE MOTOR WITH A FTYEN TIME DELAY AFTER NEXT
2 1 PHASF DRTECTION BEEORE PHASE SWITCHING
3 5 TNITIAILY THE FIELD TRENSISTOR TS TURNFD ON AND THE FIELD CLBRENT
) v IS ALLOWED T RISE UNTIL IT TEGCHF" £ LEVEL. DETERMINED 4Y THE
3 t FTFLD DAC VALUE FED TH ON THE INPUT DATA SWITRHES, A RESTART
4 3 WILL ALSD SURJECT FIELD CIRRENT TO THE 2AME REGULATION, PHASE
7 5 CHRRENT WILL RE KEPT RETWEEN MAYIMUM AND MINTMIM (EVEL S DETERMINED
2 + BY THE MAYIMM OND MINIMUM DAC VALUES FED IN ON THE INPUT DATA
2 ¢+ SWITCHESR, EXTERNAL INTERRUPTS TO INDICATE TETECTION OF THE
! $ NEXT PHASE WILL BE TRYGREREN BY 7ERM CROSIINGS 0F THE SENGE
A + WAVEFORMS GOING FROM NEGATIVE T0 POSITIVE POLARITY., PRESSING
12 5 THE T1 SUTTON WILL START THE MOTOR WITH THE TIME ODELAY ﬂQZhIMQLI!
13 § APECIFTED., TO CHANGE TO NFW TIME DFLAY VALUFS SET THE TNRUT
14 + DATA SWITCHER APPROPRYATELY AND ALTERNATELY PRERS T AND TI,
15 3 TO RUN THE MOTOR:
14 $ 1) 0N P72 T PAG. THE TOP SET OF INPUT DATA SWITCHES, INDICATE
17 s THE FIELD NAC VALUE YITH P73 A3 THE MAR AND P AS THE 15B,
i 3 ON PSX T Pa0. THE EOTTOM SET OF TNPUT DATA SWITCHES. INBICATE
19 « THE VALLIE T0 BE APPLIED 10 THE TAC ADTRESSIMG THE @AXIMM VALUE
20 s (TOP) COMPARATORS WITH PS2 A3 THE MGR AND P40 AS THE | SR,
! H F’R‘-‘ 0.
22 1 2,) ON P72 TN PAQ TNNICATE THE VALUE T0 BF 4PPLIED TG THF [AC
22 1 ADDRESSTNG THE MINTMUM VALUE(MIDDE) COMPARATORS, 53 70
4 ! P4 XEHTCQTE THE VALIFE T BE APPLIED 70 THE DaC ABDEES&I%G THE
= 1 BOTTOM COMPARATORS,
24 5 FRESS T1,
i § 2,) ON P73 TO PAQ INDICATE THE TFLAY TIME AFTER NEXT PHASE DETECTION
P 1 BEFORE PHASE SWITCHING TS TO 000LR,
29 1 PRESS 70,
?0 H 4 } PRFQR Tt T0 LN THE MOTOR,
K} 3 %) TN CHANGE Th A NEW TIME DELAY TNRICATE THE DFSIRED VALLE AND
Y, : ALTERNATFLY PRESS TO AND T1.
0
0000 21 RGO
A5 GVERET: ¢ SYSTEM RESET
000 DA0R ‘% JMP RESET
37
0003 » TRG 3
29 EYTINT: ¢ CYTERNAL INTERRIPT
003 FR a0 MV AWRT ¢ JIMP TO THE EXTERNAL INTERRUPT ROMTING WHOSE LOCATION
(004 R3 31 JHPR 84 1 TS STORET AT THE ADDRERS TN RI
42
007 43 RG 7
A4 TIMINT: 3 T’FFR INTERRLIPT
007 = a5 5 TONTI
008 93 A4 RETR
47

009 27
onna B4

OO0R 7380
000 39
(00F, 74
Q00F ZLOF

43 naTAL: TR L(Y SERVEY
49 DATAZ: TR LW SFRVE2

ﬁl RESET: MW A.#80H 3 TURN OFF THE TRANSTSTORS, ENARLE THE TNFUT SHITCH
7 ML P1,4 1 [ EXPANDER, AND DTSARLE THE LER/DAC 10 ZXPOMGER
=2 T P7.A ¢ DISARLE THE MATN PROGRAM 10 EXPANDER

54 HFRE1:  (NTO HEREY

i1

S
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133!
a3
o5
Q014
7
R
{9
1A
iR
a0ig
onin
{iFE
MF
o760
S 7d

fnat
0147

Ra i
1'£n§ t
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oF
47
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e
i
A0
12
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.
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ITTEHING

“pa ops T
PR

E

R I

a2

R w RN TN
gt

7

HERE?Z:

HERES:
HERES:

SEMALER. Y30 PAGE v

STHIRCE STATEMENT

JTO HFREZ ¢ UATT FOR TO
MY RO.ET0H

HWOVn 4,87

SHAP A

MY RZ7.A

M A.P&

{17 A.R7

MY 8RG.A 3 MOVE THF FTELN NAC VALLFE TNTO LOCATION

INC RO

BOUTE A.PS

SHAP A

MOV R2.4

MUn 4.P4

Rt A,R?

MOV BROLA 1 MOVE THE MAXTMUM DAC VALIE INTD LOCATION Z2HH

JNT! HEREZ
JT1 HEREA ¢ WAIT FOR T1 TQ BF PRESSED
INC RO

v

WIVE THE MINIMUM [AC VALUF TNTO LACATION 72H
HOUT AP

AP A

MOV RTLA

OV AL P4

TR 4,87

MOV em,;: MOVE THE BIITTOM DAC VALUE INTR LICATION 73
JNTO HE

Nio) HEF\E.’:\ 1 HATT FOR TO TO BF PRESSED

MWD A, 57

SRAF A

N!-w Y4
i /s-i

MOV A, P4
ﬁﬁi A,R7
W ORLA 3 PUT THE & HIGH RITS IN RY
Wﬂ“ﬂ AP
'-HAF. LY
MOV R, A
MOVT A, P4
553 =,R7 DOSIT THE S LOM BTTS IN &
THE & 1 ATTE 1 TO THE 2 {0W INPUT RITS SO THAT AN TNFUT 0 VIFLDR
3 THE SMALLFST TT E TELAY

AN

I 1;-

AON 1 TO THE & HIGH INPUT BITS &0 THAT AN INFUT O YIFIDS

.
:
: THE NALLEST TIME T4V
:
:

BT THE & [Hh NIFE &Y “T'“ FOR THE DLNT DRV 2AY INTO LOCATION
ERH:H HL
Ri

THE & WIGH TELAY RITS FUR THE TuM7 DELAY INTO LOCATIRM
. -_.qq
ERR ]

AW L E40H ¢ TURARLE THE TMPUT SHTTOM 1O EYRANDER



TRIS-TT MOS-42/1PT-41 MACRO ASSEMPER. V3.0
CIINSTANT SWTTCHING TRLAY

Lo

o4 9
004N 7200
O04F 20
=0 27
ansy an
o052 RA70
054 &5
058 OF
0054 47
G057 oF
053 7207
00SA 2n
0038 12
ONEL FO
Qo5 R
O0SE 47
005F 3F
onén 27
{041 20
G047 220G
LR 2
0045 12
&4 FO
RT 3F
{iN&s 47
QAT 3F
O06A 2303
Q0AC a0
040 18
0&F FO
O0AF 3F
o070 47
071 F
w72 27
072 2
0074 2300
074 39
77 27
o0n7a 28
0079 3477
/7R SATR
0370 BORA
O07F RROZ

iRl

031 2304
083 3F

{084 R4
(R4 DAFE

023 23FF
02/ &7
0037 55
0080 1490

LTNE

N P e ot s b e e el e o et

e et e ot o0l fomsde S sy o prrels [t [k e et o
RARDBNERAEIRURN M Ao — =

Lol a2 T N )

——

3
~d

3
B

120

.-
ad
=

~,

s
AR

ot
12

.4_*.‘
Xy
By

140

.,E-_.
o
-

__”M
RHES

147

142

149 HERET:

150 HERES:

15

152 START?:
152

154

155

154

187

158

157

140

141 WAITIT:
162 HATTT™:
1A%

164 WATTTF:

PAGE 3

SOURCE STATEMENT

T PLLA
MY 4.400H
MOVD 05,4
18 4

HVD P4, 4
MOV RO.&20H
MY 4.8A0 ¢
MWD PL,A 3
SKHAR A H
MVD PT,A 8
MOV 8. 8074
MIvD PE.4
TNC R

MV A,8R0 ¢
HIVD PALG 3
SHAP A H
MOVD P7.4 3
R ea

WOV PSLA S
MY A 8OCH
MOVD P4.4 3
INC RO

MOV A,8R0 3
HOVD PALR ¢
SUAP A :
MWD PT.4 %
MW A HO3H
Mo ~4.4
INC RO

MOV A, 8R0 3
MOVD PA,A 5
SUAP 4 H
MWD P74 4
iR &

MOVR PALA 5
HOV A, $0C0H
ML P1.A 3
iR A

ML P2.4 3
JNTL HERET
ATY HERER ¢
MY R4.%-10
ROV R #L0W

MW A, 4044
WD PAA 2
MOV RS, #2720
JMP MRFST

3 AND ENAMLE THE LETUTIAC 10 EXPANDER
! DISARLE THE 2 MAYXTMUM TAC LATCHES
1 AND ENARLE THE 2 FIELD DAC LATCHES
1 NTSABLE THE 2 MINIMIM

T OAND 2 BOTTOM DAL 1

MOVE THE 4 LOW RITS IN LOCATION 204 00T 70
THE FIELD RAC
MOIVE THE 4 HIGH BITS [N LOCATION 20H QU7 T
THE FIFLD BAC

GISARLE THE 7 FIELD DAC tATCHES

ANTY ENABLE THE 2 MAXTMIM DAC LATCHES

MOVE THE 4 |0W RITS TN | OCATION 24H OUT ™0
THE #AXTMUM VALLE DAC

TCRES

am oan

3 MOVE THE 4 HIGH RITS N LOCATTON 21H QUT ™0

THE MAXTHLM VALUE DAR

NISARLE THE 7 MAYTMIM DAC | ATOHFS
FNARLE THE 2 MINTMUM TIAL | ATCHER

MOVE THE 4 (0 RITS TN LOCATION 224 QUT T
THE WINTMIM VALLE DA

MOVE THE & HIGH RTTS IN LOCATION 27H 30T TO
THE MINTMUM VALLE DAC
§ DTSABLE THE 2 M7 i I &

M CMAT D TLT Y 6 b
P AND RMARLE THE 2 &1 i

MOVE THE & L0OW BITS IN LGo&Tha 2
THE ROTTOM DAL

MIWE THE 4 HIGH BITS IN LOCATION
THE BOTTOM DAC

DISARLE THE 2 ROTTOM DAC LATCHFS
QISARLE THE LEDVDAC 10 EXPANDER
ENARLE THE MAIN PROGRAM 101 EXPANDIER

WAIT FrR 71 TO BE PRESSED
§OALIOW ONLY 10 ATTEMPTS T START THE

TH T TG

23 AT 10

MOTOR

TRTAY ¢ STORE THE §OCATION CINTAINING THE FIRST

§ TNTERRUPT QOORFSS [N R3
SRLECT SENET INTERRUDY

! NUMBER (F TTMER NVERFIQWS REFIRE A RESTART I3

+ SURRCLTINES

MOV A.8-{

HATTIT YAITS FAR § TTMER INIT

MW T.A ¢ WURITT™ JATTS FOR # (F INITS OF TIHE

SW|T T

FOUA, TR THAT IN A

JTF WTMR 3 BATTTF WATTS FOR TIMER FLAG

117



TETR=-1T7 MR-40/11PT-41 MACRO ARSEMRIER, V3.0 PRGE 4
FONATANT SUTTCHING OFLAY

Lor gRl LTHE SOURCE STATEMENT

Q0RE 0480 165 MR WATTTF
0090 45 166 WTMR:  STOP TONT
0691 72 ! RETR
14 3 EXTERNAL INT‘QRHPT ROUTINES
0097 £992 170 SFRVEL: QN7 RILSERVED 5 DECREMENT 2 LOW RITS 0F TIMe DELAY
0074 EATY [WNT R2,5ERVEL § DECREMENT 8 HIGH RITS (F TTME [ELAY
0094 FE MW A.R4
(097 4350 ORL A, BOEOH
007 22

{10 F90F

a0 27
o090 &2
NPF 55
(f)3F RMt4

iR A
MOV T.A
ATRT T ¢ START THE TIMER FROM O

NAY FE
ana? AF
0A7 47
064 4F
RS F7
ongs Ba0F
(0AZ AF

MW R7,4
SWAP A
MRL. A,RA
RL A

ANt A, #OFPH
MOV RA.A

(0A9 2F
00AR ROFA

OGAC R34
(DRE &0

e A9
00PN 18
00RO
(AT AR

MOV RO, #24H
MV A,BRO L PUT THE 2 [0W RITE D
MW RLLE 1 INTR AL

THC RO
MV A.BRD ¢
MV RZA O TNTG R

GORR 97 RFTR
(IRG FIRS 07 SFRVF2: ﬁnwy R1.SFRVF? © DECREMENT THE @ LU
R4 FARS N7 R7,5FRYET 4

MV ALRA

MR AHOECH

QUYL P1.A 2 THRN OFF 1{F {0 PURSF &
oL BLLENAH ¢ TUEN FE TME PROMIRITT

fRa

Y T.4

STRT T ¢ START THE TIMER FROM D
MY RS.&?H : MIMEFR (F T}?F QUERRY

3RF 77
{HIFF &7
SO0 S5
RN HAT

“1
=

MY R7.4
SHAP A

—
-t
0

0Tt P1,A 3 TURN OFF THE (LD PHASE AND TURN ON THE NEW PHASE
AN PLLBODFH ¢ TURN OFF THE PROMIBITION {IF DAC REGULATTON

MOV RS, 420 ¢ NUMRER OF TIMER OVERFLOWS REFORE A RESTART 1% ENTERER
MW A.RA : HIPDATE PHASE REGTSTERS R7.R&

MOVE P7.A 3 ENARLE NEXT PHASE T INPUT TO INTERRUPT
MOV RA,&-10 5 IF AN UNTERSPEED OCCLRS ALLOW {9 REETART ATTEMPTS

TIME PELAY IN LOCATION 26

PUT THE 3 HIGH BITS [F TIMF DELAY IN LACATION 72H

RITS F TIeE [R Ay

NRECRENMEMT THE 2 ”YFH RITR 4F TIME OFLAY

W TURN N THE NE PHASE

Troad S v i T

it ._5 AT RESULATIL
LI DO S s AST 10 Nl niad
WE REEDRD A RESTART ENTERED

WOV &,RA 1 UPDATF PHASF RERTSTFRS R7.R4



-

RL A

NI A, 8OFH

MW RALA

EOVTE FT.A 1 ENARLE NEXT PHARE TO INFUT T INTERRUPT

MOV R4, 4-10 t TF AN UNDERSPEED MOCURS ALLDH (0 RESTART ATTRMPTS

(ORL PZ.HB0H ¢ DTSAHE THE MATH FROCRAM T EXPANTER

'}i'} Wy F9EF ANL P1.BORBFH ¢ ENABLE THE TNPUT SWITCH [0 EXPANDER

T 00 WOUn A,PS
17 CHAP 4

{1
m‘ s on
unﬂA ik
onn7 a9
onne oF
oo 47
G0A &

0NA OF

MOV RZ,A

MOVTE A P4

Rl A.R2

MOV RIGA ¢ BT THE 3 LW RITS IN R
T A, F7

THAP A

MV R2.4

MU A, P4

Q0T a8 iRl A,R?
O 44 M 22,4 ¢ PUT THE 3 HIGH RITS TN 37
O00F 19 TNCRY  ARD L TO THE & LOW RITS 20 THAT AN INFAUT O Y7ELDS THE
3 SMALIEST TINM= ang
COIF 1A INC R? ¢+ AT 1 T3 THE 2 PL’“-' RITS S0 THAT AN JNRUT O YIELDS THE
4 OSMOALLEST TIME DELAY
uﬂf} 9 MOV A,RY
Ban4 MOV 30,8244 ¢ FUT THE 3 1L0W QITS OF TIMF TRLAY
&0 WY BRO, A 1 INTD LOCATION 74H
ot} Hv 4,72
i3 1IN RO s PUT THE 3 HIGH BITA OF TIMF TFLAY
O0F& An MW OBRG.4 ¢ INTR LOCATION 75H
(F7 G240 ﬁn! Pi, #daH H .I SAHF THC 1?PH| SHITCH 10 FYPANDER
O0F7 MTF ANL PDLETFH .-‘daq ROGASM 1O FYPANDER
FR BRS MY B3 8 OW TIATAS

__LﬂT}QN CTMTAINING THE FYRET INTERRUPT

HOV A8-13 ¢ ZTART TFELAVED FOR {2 UNTTS
t

RLPLOEIOH 3

AOVD A, P8

et i'\} Rt H
MOUT ALPL 1 CONETRM WITH A DFELAYED FHECY
AN 1 1
RO M’FH
§i -]

F70 OMEEMD MOVD A, “A O INTTTAL PORITTON TENMSE, STONAL T2 DUFE 70 DHIRMARUTY

7 JMPOMPAT
77 wa tﬂﬁh

»IC"‘: L"

CTH DT MEANTNG POSTTIVON A
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CTNATANT SWTTRHING NELAV

tant 0B

104 2410
e 3714
4108 2410

ﬁ'na arn

Ll »!" ,‘Fﬁ?
DLOF 74720
10 BFO?
O117 BEM
0114 28720
{114 BFO4
0113 BEOS
0114 2470
M RFOR

0120 AR74
M3 FO
M3 A9
124 12

LINE

‘ITE
”7‘ S0RC:

‘?7-3
e
780 SA:
s
727
287 SR:
704
T84 800
R7
o
290
791
a2

3

é
O]
e
o~

?96
a7

44 LORKL 13

27 MARETi:

.....

257 WIRK 2t

75 MORET?:

SURCE STATEMENT

JHP 300 3 RENGED AC MEANING PRATTION
JRY 500 ¢ '-'; \l"‘En AR MEANING PISITION O
JMP 5RO ¢ SENRER TA MEANTNG POSITION B

1 TEFINE R7 AS [HRAENT PHRSE SWITCH, Rf AS NEYXT PHASE SWITCH
MOV R7.401H
MOV RE, BOZH
JMP St

MOV R7, 4004
MW RA.304H
JMP 51

MOV R7.%C4H
MOY RA, #02H
JHP 3

MOV R7, 302H
MY RALHOIH

! STAGE 1

MY RO, §74H

MOV A.@R0 ¢ PUT THE 3 LOM RITS OF TTME DELAY TH LOCATION 244
MV RL.4 1 INTO RL

INC RO

MOV R, 8R0 ¢ PUT THE 8 BIGH BITS OF TIME RELAY IN LOCATION 2%
MOV R2.4 1 INTORZ

MWV 4, RA

MOVDR P7.A 1 ENARLE NEXT PHASE T0 INPUT TO INTERRIPT
M ART

IRL ﬁ‘#ﬁEOH

OUTL P14 5 TURM OFF THE FTELD AND TURN ON THE SFLECTED PHAS
ANL PL #OBFR s THRN (FF THE PROMTRITION OF DAC CURRENT RERUM ATW
nR A

i T,A

ATRYT T ¢ START THE TIMER FROM O
EM T @ FNARLE THE FYTERNAL TNTERRUPT

JNTO WORKL 2

ATF MORETH

JMPRORKE

Thi7 A5, WIRKLY

HIEIR

STOR TONT
RESTRT

JT0 CHANG]
JTE MIRET?

JMp HP‘KI“
ILNT R, WIRKL?
me I

ETOP TONT
P RESTRT
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CTINGTANT ZHITCHING TELAY

ac R
(4R BR0A

014D 4479
HY4F 1457
Q151 2440
(153 Enan
I

{1154 43

57 20463

0159 SALE
OISR 145F
Mo 2459
015F FI%
Ma&1 15
01462 45
G143 2300
045 39
&6 1L
0147 ET
MAS TAAD
(146 047F
AL D479

{11 &F RRDA

0170 2431

JIGER SYMROL S
CHANGY O14R
HEREZ 0072
MORET D3
ARG G104
START? O07F
WIRKL2 M

AEREMBLY CIMPLETE,

T 21,4 ¢ THAN OFF THE TRANSISTOR
IF 10 TRIALS ARE UP THEN 2TOP THL T 15

LINE ROURCE STATEMENT
20 CHANGI: MOV R2.ALOM DATAY
B3|
KLt
27
34 WiRKL3: JNTD WORKL 4
15 JTF MORETY
234, JMP WORKL 3
337 MIRETZ: NUNT RS, WARKL3
R et
9 STOP TONT
240 JMP RESTRT
241
347 WORKLA: JTY CUANG?
2 JTF MIRETA
244 JMP NORKLA
345 MIRETA: DUNZ RS, HORKLA
244, IR
247 STAP THAT
245 RESTRT: MOV A, $000H
249
250 TN R4 5
251 MY 4,R4
257 JA7 RTEP
352 JMP START?

354 STEP:

2

354 CHANG?

357
R

=2
260
2R

CHANGE O1EF
HERE4 074
MORET4 OM5F
a1 o
ATEP Q140
WORKLR (13D

JMP HERET

I OMOV R3.4LOM DATA?

JMP WORKL A
EMTI
NATAL 0009
HERES 0024

MRFET QOEF
SAh (HOA
SYSRET Q000
WORKL 4 0159

Ml ERRORS

ﬂhTQﬁ

3
1
I
.
.
1

PAGE

STORE THE | ICATION [PNTAINING THE ANTRERS OF
THE INTERRIPT ROUTING THAT CHANGES

: TIME TN R}

THE TELAY

ECSED AGAIN

RTORE THE LOCATION CONTAINING THE ADDRESS OF

THE INTERRUPT

TINE IN R3

(008
0034
(0FL
g 5]
0007
4020

EXTINT 0003
HERE7
NPAGE

WATTIT ﬂﬂ%‘

FON  00F4
HERER (078
RFEET  OO0R
&h0 e

WATTTF 00&0

ROUTINE THAT CHANGES THE DELA

RERE] QOGF
MWORETY 01329
RFRTRT 0143
AERYEL 0072
WATTTH 0034

HERED? 0011
MORET? 0145
SGA0 0107
SERVED (084

A0RELYL 0133
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UARTARLE SWTTCHING NELAY

inc 0l

1000

OO0 2400

LINE

Lo T R IR B N I VR IR

e e
—

i~

D
~f T A L

i

@&

m2RD

A
"

SMURCE STATEMENT

PRIGRAM TN RUN THE MOTOR AT A ETYEDR SPEFDN AY VARVING THE TIME
TELAY AFTER NEXT PMASE DETECTION SEFORE PHASE WTTCHING
INTTTAILY THF FTELT TRANSISTOR 15 TURNED 0N AND THE 15D DHRRENT
T8 ALLONET) T RTSE UNTTL [T REACHES A LEVFL DETERMINED Ay THE
FIE!.,U PAC VALLE FED TN O THE INPUT DATR SWITCHES, & RESTAAT
WILL &S0 SHRJERT FIELD QURRENT 70 THE SAME REDULATION, RMASE
CLURRENT WILL RE KEPT BFTNF' N MAXTMLIM AND MINTMUM LEVELS DETERMINED
RY THE MAYINISY ANT MINTMUM VALIES FER TN 0N THE TNPUT CATA SNITOHES,
THE INJTIAL TIMF IFLAY ANTr THE TIMF INTERVAL FOR 4 r‘.fm?r:'*z T
PHARES AT THE DESTRED FTYFD APEFD ARE FFD IN (N THE TNRUT DATA
SHITCHES, THE CALCHATION OF ARTUAL TIME INTERVAL - _rzr .IRED
TIME INTRRVAL 15 PERENRMED FOR & CONSECUTIVE FHASES 1RING 2
REGTSTER ARTTHMETIC, [F THE REQIAT IS PORITIVF, THEN THE MOTOR
SPEEN 13 TAN 30U AND THE DFLAY TIME 75 NECREASED, IF THE RRAILT
yo. MERATI'JE. THEN THE MOTOR SPEED TS TN FAST AND THE DELAY
IME T2 INCRFASFN, TF THF RECHLT 18 7FRi. THE SPEED IS CORRFCT
ANR THE DELAY TIME 15 LEFT UNCHANGER, 4 RESTART WILL NOT RESTORE
THE INITIAL TIME DELAY, ALSO FED IN ON THE INPUT DATA SWTTOHES
S THE NIMRFR OF PHASFS(FROM O T0 255) THAT BRE 7O FLAPSE RETWEFN
"UFRY SET OF 4 CONSFOUTIVE PHASES THAT 15 IISFD FOR =PSED CORRECTION,
FYTERNAL INTERRUPTR TO I‘\Jl‘hs“t‘TF TETECTION 0F THE NFYT PHASF
WILI. BE TRINGEREN BY 7FR0 CROSSINGS OF THE SENSE NAVEFORMR GOTNG
FROM NEGATIVE TO POSITIVE Pﬂ!.{&.RITY
T4 RN THE MOTOR:
1,) ON P72 T PAG. THE TOP SET OF NATA TNPUT SWITCHES, TMDICATF
THE FTRLD DAC VAILUF WITH P73 AR THE MSR AND PAQ AS THR 1SR,
N P52 701 P80, THE BATTOM SET OF INFUT DATA EH'TW‘@E?\- INIICATE
THE VALIE TN OF APPLTFT TO THE DNAC ATDRESSING THE MAYIMIM VALLE
(TAP) COMPARATORS WITH PS3 A3 THE MSR AND PAD A% THE LSR.
PREST T,
2.) (N P72 T0 PAO INDICATE THE VALUF T RF APPLIFT TO THE MeC
ANDRESIING THE MINTMUM VALUF(MINDLF) COMPARATIRS. M f =.3 ™
o4 TNITCATE THE VALUE TOURE APPLIET T THE DAC ATRESSING THE
T BOTTOM COAMPERATORS,
PRESS TI,
3.0 [N P72 T0O P40 INDIGATE THE INTTTAL RRLAY TINME.
PRERS TG,
4,Y [N P72 TO P40 INDICATE THE TESIRED TIMF INTERVAL FOR 3
CONGFCHTIVR PHARES, [ CAVFE THF 873 TN TUE O PORTTINY SINCE
THIS RIT MIST SFRVE AS A + nn - I OIN THE -;:m*n..rﬁnm (PERATION
OF ACTUAL TTME INTERVAL -~ DERIRED TTHE (INTERVAL
PRFRS TY,
5.} ON P72 TO PAN INDICATE THF NIMRFR {F PHASFS THRT ARE TN
FlAPTE RETWECN EVRRY 26T OF & CONSTOUTIVE SHASES THAT 15 {9E0
FOR GPEED NMRRECTION,
eReRs TO,
A,) PRESS TY TO RUN 1R RESTART THE MATOR,
7.3 TOOCHANGF TN 4 NEW TIMF INTERVAL FOR 4 CONSECHTIVE ~uases
INDICATE THE TESIRED VALUE 0N P75 T P40 AMD AL TFRNATELY PRFRS
TO 4ND T,

AW AB AN JE UK AR AN AN AE IR AR AN CUE AR AR AR AR AN AN AE AB AR SN AR AN AR SR AE AR AN B SR UR AR AU BB e A6 wN SN AR AR AN AN ek W AR AR ae el

QRGO
SYSRET: ¢ SYSTFM REGET
h“P AESET

122



Lot o

0on3

003 FR
004 R

007

a007 31

0009 14
(00A 4R
O00R FA

On0c 7IFF
Q00F 42
O0OF 55
o0 1413
0017 0410
0148 A5
4015 9

A FItA
1R FALA

OMA FF
0047 43R0
omn 39
OME M0F

a0 77
00 A2
a7 55
077 RS
o023 AQ
074 RN

0077 FE
o079 &F
0070 &7
0028 48
o E7
GO SAUF
O0%F Af
000 5F

0031 RCFA

({33 BE74
035 FO

LINE

]
Sh
b2
o
&0
&
A2
A3
t4
&5
Al
&7
&3
£9
70
7

72 WAITLT
73 WATTTH:

74
74
77
73
77
a0
3
]?
e,
24
a5
4
37
an

79

=)

H

97

ER

94

75

%

97

3
100
A
107
183
104
105
104
107
18
9

10

! CRO ARSEMRLER, V2.0 PAGE
VARTARLF SWITCHING DELAY

FYTINT:

TIMINT:

NATAL:
TIATAZ:
DATAZ:

HATTTE:

3

SOUACE STATEMENT

Y 2

3 EYTERNAL TNTERRUPT

MOV 4R35 NP TN THE EXTERNAL INTERAUPT ROUTING WHOSE LOCATION
JMPR BA ¢ TR STORED AT THE ADTRESS TN R2

am 7

! TIMER TNTERRIPT
013 TONTT

RETR

MR 10W SERVEL
NR LY SFRVEYD
IR LOW SERVEZ

I SHEROUTINES

MOV A1 3 WATTIT WATTE FOR § TIMER INIT
MOV T,A 3 WATTIM WATTS FOR & OF INTTS OF TTME
ATRT 7 5 EQUAL TO THAT [N A

JTF WTHR ¢ WAITTF WAITS FOR TIMFR FLAG

P HAITTF

STOP TONT

RETR

t FYTFRNAL TNTERRUPT ROUTINFAR
[DLNT R1,SERVEL 3 OECREMENT THE 2 LW BITS OF TIME DELAY
MN7 R2.SERVES © NECREMENT THE 2 HIGH RITS OF TIME [ELAY

MW A, RE

R A 8OFCH

(UTL P1,A 3 TURN [FF THE (LD PHASF AND TURN 0N THE NEW PHASE
ANL P1,#00FH 5 TURN OFF THE PROMIBITION OF DAC RERMATION

i34

MW T.4

3TRT T ; START THE TIMER FROM O

WOV RO, $35H ¢ (1EAR THE 2 HIGH BITS OF ACTUAL TIME TN LNCATICN
MOV 2RO.4 1 3SH FOR THE NEIT 4 PHASE QVOLE

MOV R340 5 NUMPER (F TTMER (VERFLOWS BEFRE A RESTART 15 ENTERED
MW A.RA 2 UPBATE PHASE REGTSTERS R7.RA

v R7.4

SUWAF A

GRL A.RA

R A&

AML. A 80FH
MV R&.A

AW P7.R ¢ ENAREE NEXT PHASE T INPUT TO INTERRUPT
MOV R4, 4-10 ¢ TF AN INTERSPEED OCCLRS ALLRW f0 RESTART ATTEMPTS

MV RO, 4764
MOV ALRRO * PUT THE & LW RITS OF TIME TELAY TH LOCATICN 24H

123
Vi



TST5-1T MES-40/11FT-41 MACRD ARSEMELER, V2.0 PagE 2
VARTARLE SWITCHING ORLAY

I 0l { INE SOURCE STATEMENT
(125 A% 1o MOV R1,4 ¢ INTO Rt
037 13 11 INCRD
038 F) 112 MOV AVBRD ¢ PUT THE & HIGH RYTE OF TTME NELAY IN LOCATION 234
0077 AA 113 BV R2,4 1 TNTO R?
{14
074 RRR {15 MOV Rﬂ,#‘:::'z ¢ DFCREMENT THE WORKING REGISTER LOCATION 3OH HEED
03 FO 14 M!}V A, 28R0 3 !'l KFEP TRACK 0OF THE NIIMBER (F PHASES R’MWIM:
o030 07 117 NMEC At BFFGRE A SPEED COUNT 15 MADE
{%F 1442 112 A RACKR
040 A0 119 MOV 8R0.4
o041 33 120 RETR
047 RAMA 171 RACKEZ: MV RO.878H
044 0 177 MW A, 8RO ¢ INITIALTIE THE WOARKING RESJSTER LOCATTON 28H USER
045 338 173 MOV R0.833H ¢ TN KFEEP TRACK OF *hF MMQE? F FHASES REMATNING
anaT A0 174 MOy BRO.A 3 DFFORE A SPEET COINT 75 MADF
(047 RAGA 175 MY R3. 8 "!U DATAZ ¢ STORE THE l_ﬂCATII}N CONTAINING THE ADORESS
I?ﬁ $ O0F THE TNTERRIPT THAT COUNTS FIR 4 PHASES
177 1 INR3
o048 7 ] RETR
129
4R &5 130 SFRVE?2: STOP TONT § STOR THE TIMER DOUNT
13t
(04 E74R B hev TLN7 RILSERVEZ ¢« DECREMENT THE 2 10U RITS {F TIME DELAY
(fi4E FA4R 123 [LNT R?,5ERVEZ ¢ DECREMENT THE 2 HIGH BITS OF TIME NELAY
138
2050 FF 125 MY A,RA
051 A3F0 134 ORI A;#OEOH
o052 29 127 OUTL PI.A ¢ TURN OFF THE LD PHASE ANTY TURN 0N THE NFW PYASE
H054 INF 139 AN P1.R0DFH 5 TURN OFF THE PROHTRITION OF DAC RECGULATTON
12
NS4 42 140 v AT
057 &R 141 MOV R2.4 ¢ PUT THE TIWER COUNT IN R?
0053 27 147 R4
00s9 L2 143 M T, A
0= 58 134 3TRT T 1 START THE TIMER FROM O
J0SR BR1A 145 MOV RS,820 ¢ NUMBFR (F TIMER MWERFLONS REFORE A RESTART 15 FNTRRED
144 '
0 FE 147 MOV A,R4 & [PDATE PHASE REGTSTERS R7.RA
5F AF 142 MV R7.4
5F 47 M’*’ SWAR A
0L AF 156 o7, A.RA
(A1 F7 i.‘}% 7l ﬁ
0047 SIOF 157 ANl A, #0FH
0464 AF 153 WOV R&H
15
O0N&S OF 155 MOUD PT7.4 ¢ CNARIE NEYT PHASE TO INPUT TO INTERRUFT
154
O0kh BIFA 157 MOV RS.4-10 ¢ TF AN NDFRESPEFT NOTURS ALLOW 10 RESTART ATTEMETS
H f-'.;fg
£048 REDD 159 MOV RO #27H
a0Ls B0 148 MW n 2RO
(iO4R F7 f4 <
GOAR A0 147 'mJ erm A 1 HPOATE POSTTION ,-mEf IN 4 PUASE (VI
AR 1798 143 JRO DELCHK 3 HAVE COMPLETED & § PHASE DYDLE
G0&F 2270 {44 JRY STRICT 1 JUAT STARTING 4 !.‘-‘s’f‘-l.E

174
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VRRTARLE ZWITCHING DRLAY

NG AR LTHE SMURCE STATEMENT

7! R34 165 MOV ROLH34H 1 24M CONTAINS T F 3 LW 3IT3 OF ACTUAL TINME
L4 ¢ 3SH CONTAINS THE 8 HIGH BITS OF ACTUAL. TIMF

HM73FA 167 MW A2

78 40 168 AND A, @RQ 3 LIPDATE THE & [OW RITS OF ACTHAL TIME IN 22H

an7S AQ 143 MOV 2R0,A ¢ WITH TIME FLARSED QUTIINE THE INTERRIPT

(074 F&FT 170 JNG FINIS

0078 18 i7t INC RO @ UPDATE THE 2 HIGH RITS OF RCTUAL TIME TN 25H WITH TIRE

o077 10 172 INC 2RO ¢ FLAPSED MTATDE THE INTERRUPT

0070 Q4AF? 173 MP FINTS

0070 §ad 174 RTRTCT: MOV RO, 4334

(07F F& 174 MY ALR? ¢ PUHT THE 2 LW RITS OF TIME ELAPRER QUTSIDF THE TNTERRUPT

007 A 174 MOU 8RGO,A 1 N 24H

0030 H224 177 MV RO #7484

2032 FO 173 MV 4,880

a3 07 179 MEC A ¢ [ECRFEMENT SINCE | REPRESENTS THE SHOREST DELAY TIME
180 3 AND ) REPRFESENTS THFE LONGEST UELAY TIME IN (L CATION 2

G5 60 181 MV Ri’ A 1 PUT THE TECREMENTED 2 LOW BITS 0F DELAY TIME IN R“Z

8035 1R 152 INC RO

054 FO 183 MOV A.8RO 1 PUT THF 2 HIGH BITS OF TELAY TIME TN THE ACCHMIE ATOR

8037 67 124 DEC A 1 DECAREMENT SIMCE { REPRESENTS THE SHORTEST DELAY TINE
183 3 ANTY O REPRESENTS THE | ONGEST DELAY TTME IN LOCATION 2°H

0028 77 1234 ARG

0nae &7 187 RRC A ! ROGTATF THE 3 HIGH BITR 70 THE RIGHT

074 74 1722 iWH A,R2

GO8R &7 13 RRT: A * ROTATE THE 8 LOW RITS 7O THE RIGHT

O0R% 74 190 LCH 8,82

anen 97 194 R C

ONEF A7 197 RRC A 3 ROTATE THE 3 HIGH RITS T THE RIGHT

03F 26 193 ICH 4,7

0% A7 124 RRI" A ROTATE THE & LOW RITS TO THE RIGHT
195 s ADD THE OFLAY TIME DURTNG 4 TMTERRUPTS '!'i THE 3104 BTTS 0F
194 s ACTHRL TIME OHTSIDE THE 'NTFRC'HPT ™ LOCATION "4{4 NOTE THAT
197 ' A LN i"iﬁﬁ!lf""lm T3 7 CMTLES WHILE A TYMER INCREMENT OCTHRS
198 t FVERY 37 LYCLES, ':'HH.“. YFR & INTERRUPTS & D7 INSTRICTION
199 1 1513 1“:’{3 FR. 30 7 RIGHTWRRD SHIFTS ON THE “LW DAY TTHMES THRN
0 s GIVE INITS fF ! ? TYPLES OVER A PERIOD 0F & JNTERRUPTS.

071 3374 Fill a‘lx'iv RO 8554

092 .’.(l e AN A.8R0

174 &) w3 MW R0, A

095 I8 4 INC RO 4 THFN AND THe TELAY TIME MURING & [NTERRUPTS TO THF &

Y74 FA 205 MOV &,R7 @ HIGH RITS 0OF ACTUAL TIME IN LOTATINN 354

097 7 208 ARG A,@R()

(neg Ad 07 MOV 8R0.A

{099 NAF? 208 JHR FINTS

Of9R HER 709 TELCHK: MOV ROLB2EH E"!T THE NUMPER OF FHASFS T SLAPSE BETWFEN FUCRY

4090 F) 20 MY A,8R0 1 SET OF 4 CONSCCUTIVE PHASES USED FOR SFERD CORRECTION
214 Y ’PF ACTIMILATOR

O09E 94847 17 JNT WATSRY

000 0444 13 JHP TI'PFRF s Nt OTHER PHRCFS E‘ apPsE r{FTUEFN FYERY S5T OF &

047 8RGT 714 HATSPL: Mﬁ'd R3, 8 7 DATAL @ STORF "}'F JWCATTON CONTAINING THE FIRST INTERRIPT
5 } ATMRESS IN R2

a4 5324 214 TOHMERE: MV R0.434H

&4 FO 217 MOV AGRY 5 PLACE THE (PTIATEDR R L0W BITS OF ACTHAL TIME N THE

(A7 A e ANN A, BRO 1 ACTIMN i‘«Ti*R

ONAR FAALC e JNC SKTRIN

—
o3
n
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VARTARLE SWTTCHING TELAV

Lar {ml

0088 13
Q0&R 10
ONAN BAZ4
O0AF 37
ONAF A0
anmn 37
0R1 24
{OR7 RAZS
{0B3 70
ONRS ROOO

(R7 RR?7
0089 27
GORA 70
COBR 37
ORC FAOF

(0RF 3408
0 FA
0001 9805
(003 O4AF7
60rs B34
7 €0
o008 07
M7 A0
QOCA CACE

O G4F?
F 189
O00F £O
annn 07
(0D CADA
003 A0
O0Gn4 04F7
Q004 IV
002 3O
Govh 18
QONR 3001
o0t 04F2
GONF RAY4
oort FO
DOE2 10
00F2 CEFT7

005 04F7
GF7 1B
YOF3 50

(F9 TAFF

O0ER 10

GOFT. 04F7
ONFF R4
GOFN ROGO

LINE

??2 SKIPIN:

742 DELDCRY

284

-'r,;:)

750 SKIPNE:

254 | UEST:
752

79

L

?{i NRLINC:
247

?52

7R

A3

b4

47

A3 MORFTM:

49

70

27

“1""7

"’ HIGHFS:

774

SNUIRCE STATEMENT

INC RO 3 UPDATE THE 3 HIGH RBITR OF ACTUAL TIME IN 2%

NG 8R0

MOY RO, #26H

R A

AR A.8R0)

FLas A ’HF 2 LLW RITS OF ACTURAL TTME - THE & LOW BITS OF

MY 2.4 ¢ TRESIRED TIME IN &2

MOU R,435H 1 PUT THE & HIGH RITS OF ACTUAL TINE TN THE

MOY 7. ORD 3 ACTY MAATOR

MOV eRO, 40 5 CLEAR THE 3 HIGH RITE 0F ACTUAL TIME TN LNCATION
354 FOR THE NEXT CYOLE

MOV RO, 877H

oPL A
ANDC A,@RO © HIGH 2 BITS OF ACTIAL TIME - HIGH 2 BITS OF BESIRER

£AL 4 3
JB7 DELING ¢ ACTUAL TIME IS LESS THAN DESIRED TINF
ACTHAL SPEED IS GREATER THAN DESTRED GPERD
INCREASE THE TIME DFLAY
anq ANY OTHER NONTERD MUMBER GFCRERGE THE TIME
_AY

o am

?%

JN7 DFLICR
MOV R, RD 1
JNTDRLOCR
JMP FINIS
MOV RO, #24H
MOV &, 8R0
DEC A 3 DECREMENT FROM THE 8 LOU RITS AND PUT THE NEW VALIE TN
MOV 8RO,A ¢ LOCATION 244
JT SKIPDE ¢ TF & O RFSIETS FCREMENT FROM THE 28 KIGH BITR SIN(E
3 1 REPRESENTS THE LOWFST TIME DELAY AND O REPRESENTS
¢ THE HIGHFST TIME DELAY

e

P FINTS

INC RO

MOV £.8R0 1 DECREMENT FROM THE 2 HIRH RITS AND PHT THE NEW VALIF

NEC A 1 TN LOCATION 254

JTLOWEST 3 INFSR A 7FRN RESLLTS IN THE & HIGH BITR

MY 8R0,A

JMP FINIS

MOV RO, #24H t TN WHICH CASE THE DFLAY 1S ALRFANY A% (0N AS POASTRLE

MV 8RO, #1 : THEN KEEP IT *HT“ AY BY PUTTING A (NE UQLHE IN BOTH

INC RO 5 TRt AY REGTETERS

MV @R, 3

P FINTS

HY RO, 4244

MV A.BRO ¢ INCREMENT THE 2 {00 BITS N LACATION 24H

T 8RO

JI MORETN 1 IF A& TFRM, THE HIRMEST PACATRUE DRELAY. WAS TNCREMENTED
$ TN 1, THE LOMEST POSATRLE NELAY. THEN TNCREMENT THif
TR HIGH RITS

JMP ETHIA

TNC ROt IF THE 2 WIMH RITS ARE ALREAIY 0. THEM THE DELAY I8

MW AJBRO T AT L ARGE AR PUSRIRLE

A7 HIGHFS & TF THE 3 HIfH RITS ARE NOT 0, THEN TNCREMENT THE HIGH

ING 8RO ¢ BIT DELAY REGTATER

JWP FINTS

MIV RO 4204 5 TF THE TIFLAY 16 A% LARRF A% SOERIRLF, THEY KEEF

MY BRO.40 ¢ TT THIS WAV BY AUTTING 4 t,n a TN T BT TE av

iPA



T313~11 MIS-43/0PT-41 MACRO ARGEMBLER, V3.0 PAGE A
VARTARLE 2] TCHING DELAY

e nad RE S SMRACE STATEMENT
7% i RERTSTER
005 RA2Y 27A FINIS:  MOY RO, #3244
(IF4 £O 7 MOV A.8RO 3 PUT THE 5 100 BITS OF TIME DFLAY TN ICATION Z4H
agFs A9 273 MW R1.A 1 INTD R
O0eh 13 279 INC RO
O0F7 FO 220 MOV A.8R0 ¢ PUT THE 8 HIGH BITR OF TIME OFLAY N LODATIAN 750
0OFR AR 1 MW R2.4 ¢ [NTO R
GoFe 72 a7 RETR
223
OOFA EIFA 74 SFRYEI DUNT RIGGERVED 3 TECREMENT THE 8 LOM RITS OF TIME TELAY
QOFC FAFA 723 TNZ R2,3ERVEZ ¢ NECREMENT THE 3 HIGH BITA 0F TINE OSLAY
224
WFE FE %7 MW A.84
OOFF 4260 i, TRL A, SOEOH
o101 39 a9 fITL P1.A 3 TURN OFF THE NLD PHASE AND TURN ON THE NEW PHASE
0102 991F 290 ANL P1.B0DFH * TURN (0FF THE PROHTRITION OF DAD RERULATION
291
atod 27 792 fLR A
0% A2 PG MW T.4
M4 55 4 ATRT T : START THE TIMER FROM O
(107 RZA 795 MOV RO, 425H 3 CLEAR THE 2 HIGH RITR OF ACTUAL TINF IN LOCATION 25
8107 A0 224 WOy 8R0,A 3 FIR THE NEKT 4 PHASE CVILE
(1104 BR14 97 MV FS.420 ¢ MIMBER F TINER OVERFLOMS BEFORE & REGTART 1% ENTERED
g
nar Fe 799 MY 8,R& 5 UPPATE PHASE REGISTERS R7,R4
100 aF %) MW R7.4
¢ioe 47 304 SWAP A
010F &€ 302 GRL A.Rb
0HiG £7 03 A
H11Y R30F 04 M A. 0FH
0112 AF 205 MV Ré.A
: 204
0114 3F 207 HOVR P7.A ¢ ENARLE NEXT PHASE TOO INPHT T INTERRUFT
304
0135 ROFA 09 MOV R4, 4-10 ¢ TF AN UNDERSPEFT QUCLURS ALLCW 10 RESTART ATTEMFTS
319
M7 BARO 11 NRL P2,830H ¢ TIISARLE THE MATN PROGRAM 10 EYPANTER
0119 298F N2 ANL P1,80BFH 3 ENABLE THE TNPUT SWTTIH 10 EXPANDER
G1iR 00 33 MEVD A, P
oHs 47 3 C SR A
oLn aa 215 MOV RD.A
OULE O 4 MVD 4,04
Q11F 48 7 (Rl AR
0120 RA24 e MOV ROLH26H 3 PUT THE 2 |00 BITS OF THE NESIRED TIME TNTERVAL
0122 A0 217 MU 8R0,A & FOR & CANSECUTIVE PHASES IN LACATION 26H
0193 OF 20 VT A, P7
0104 47 KM AP A
G175 A3 a2 MW RZ.A
0176 OF 75, NIV 4, P4
0177 24 324 TR A.R?
0172 18 A5 ING RO @ PUT THE & HIGH RITS OF THE MESIRED TIMF INTERVAL FOR
0127 40 24 MOV 2R0.4 1 4 CONRECY RSES IN LOPATION 274
0178 2980 227 CRU P1.#40H 1 NIZARLE THE INPUT SWITCH T FYPANTER
O 287F 373 AN P2LETFH § ENARLE THE MATN PROGRAN 10} CYPANTER
329



TAT5-T1 MCR-43/119T-41 MACRO ASREMBLER, V3.0 PAGE 7
VARTABLE SWITCHING BELAY

Lo g LINF SOLRCE STATEMENT

(M7F Rz 0 MOY R0, $24H

M FO M MOV A.BRO 3 PUT THE 3 LW BITS OF TIME DELAY IN LOTATION 24H
M3t as R MOV R{.4 ¢ INTO R

0Ee e 23 INC RO

133 FO 234 MOV A,@R0 1 PUT THE 2 HIGH RITS OF TTHE DELAY TN LOCATION 25H
0134 44 35 HIY R2.A4 5 TNTO R2

LT

0135 3377 a7 HOW R0, #29H

27 RO 239 MOV 8RO, #11H 5 INITIALTZE T START {IF 4 PHASE CYOLE
39

0179 REOA 249 MOV R3.8L0H DATAT 1 STORE THE | OCATIS i
241 $ OF THE TRTERRUPT THAT CTENTS FOR 4 AHASCS
i t INR3
343

0138 22 244 RETR
245

130 7330 J44 RECET: MOV A,#R0H ¢ TURN OFF THF TRANRISTORS, ENARLF THE INPUT ZWITCH

M3 3 247 QUTL P1,A ¢+ T0 ZXRANDER. AND BISARLE THE LED/DAC 10 EYPANOFR

37 24 43 UYL P2.A ¢ MHSARLE THE MATM PROGRAM 00 EXPANTIER

3140 2580 249 HFRE1: JNTO HERFL

1147 2647 550 HEREZ:  JTO HEREZ + WAIT FOR TO TG RBE PRESSED

144 8370 i | MOV RO.420H

M4s OF R MOVE 4,P7

0147 47 a7 SWAP A

Mg Af 354 MW R2,A

1149 OF 255 MWD A.Ph

Man a4 5k ORl 4,R7

(147 80 7 MOV @RO,A ¢ PUT THE FTELD DAC VALUE IN LOCATION 20H
4 18 354 INC RO

0140 40 Ko MOV A, PS

G14F 47 240 SHAP A

14F AR 261 MW R7.4

MY On 342 MIVD A.PS

0151 24 A3 Rl 8,82

2152 80 A4 MOV GRO. A 3 FUT THE MAYTMIM DA VALUE TN LOCATION 21H
0157 485 355 HERE2S  JNT1 HERF3

55 5650 3E4 HEREAD  JT) HERFA 5 WAIT FOR TI TO BE PRESSED

G157 18 A7 INC RO

0158 OF 263 MOV A, P7

0159 47 3 SWAR A

MEA A 370 MOV /2.4

G158 OF 371 ML A, P4

0150 44 72 URL A.R?

MED A0 73 MV PROGA ¢ PUT THE MINIMUM TAC VALUE IN LACATION 774
E5E 13 374 INC RO

MEF on 275 MOVD R.P5

Glan 47 374 S4AP A

(151 A4 a7 Mow R4

G1A2 0o 372 MWD A.P4

42 42 a73 R{. ARZ

G144 AD 4} MO BROLA ¢ PUT THE ROTTOM Dl VALDE TN LACATTON 25H
MAS 2685 32 HFRES: (NTO HERES

LT 2847 87 HERF&:  JTO WFRES ¢ KATT FNR TO Tt BF FRERSFY

0183 13 -S04 ING RO

N&A ON a MOVD A, PR

1



TSIS-T1 MND-80/1PT-41 MACR
VARTAR £ SWITCHING

1a%

01468
G188
0150
(AR
R

M7

Gﬁ"i
M7
G}?ﬂ
1174
0175
-~ i’h i

M77

a7 A

oM7e

18

a7
aAa
o
A4
17

Al

13

0F
27
&A
13

17

4579

ci78

0178 5478

M7
-~ M7E
N7IF
20
1K
{)f""'!
)8 %]
(124
8135
- {11 RA
maz
s
MAg
134
1R
01an
O1EF
- M0
IR
4197
]
o194
4195

9L
2193
0199

]
an
47
Al
f"["
A
A

12
0F
47
AR
£
34

,ARB
3AED
12
OF
47
AR
{F
a4

)
al

2380
27
wann

A an

- %é?ﬂ

1A FR

3] JF
7 47

ne

ﬁﬁq
_VL

?'?7

388
"y qO
"QO
'.";i
2
ﬁhﬁ
794
-"h"q
394
.",f,?
71
ﬁgq
44
i
107
402
404
AR
104
an7
103
09
310
411
a1z
413

Ir)

Hia
415
414
417
a3
419
420
424
477

423

44
42%
426
427
429
479
470
421
437
A3
424
455
134
a7
439
429

TRLAY
LINE

HFRE7:
HERER:

HFRE:

HERE10:

ACCEMRLER, VA0 FOGE &

SOURCE STATEMENT

SHAP A

MW R?.4

MOIVD A.P4

R A,R?

INC A ¢ ADRE 1 TO THE & LOW INPUT RITS 20 THAT AN THPUT O YTELDS
§ THE SMALLEST TWF IELAY

MOV BROLA 5 PHT THE & L0 BITS OF INTTTAL TIME DFLAY IN LOCATION

a4

x

e

TNC RO
anvn A.R7

SWAP 4
M 22,4

MOVE A, P&
TRL A,R2

TNC &3 AOD 1 TO THE 2 RIGH INPUT RITS S0 THAT AN TNPUT O YIFLDE
3 THE SMALLEST TIME DELAY

MV ERO.A 3 PUT THE @ HIGH RITS OF INTTIAL TIME LELAY IN |RCATION

T

JNT{ HERET

JT1 HERER § WATT FOR T{ 711 RE PREZSFD

INC RO

MOV A,PS

SHap A

MW R2,4

MWD A, P4

ORL A,R7 ¢+ PUT THE & 1 OW RYTR OF THE DESIRE TI“F INTERVAL FOR
MOV @RO.A 3 4 COWSE PWTI PHASES N fDPﬁTIGN
TNC RO
A 6. P7
SuAP A
Moy R34
MOV A,P4
ﬂQl A.R2 3 PUT THE 2 HIGH S1T5 (F THE FEATRED TIME INTERVAL FOR
MV R0, § 4 CONSECUTIVE PHASES TH 27
JNTO HERE?
JTO HEREIO 5 WATT FOR TO TN 8F PRESSEN
INC RO
wwn 4,07

SWAP 4
MOV R2,4

MOVD A, P4 ¢ PUT THE NUMRER OF PHASFS THAT ARE T FLAPSE BETWEEN
ORL A,R2 ¢ EVERY SET OF 4 CONSECUTIVE PHRSES THAT T3 HSED FiR
MOV @RO.A ¢ SPEED CTARECTION [N [ CCATTON 28H

NIV &.840H ¢ DISARLE THE lNP”T SRITRH rn EYFANTER
QUTL PLLG ¢ AND Eﬂaslr THE LFTUTAS I FYPANDZR
MOV A, #00H 5 NISARLE THE 2 MﬂXIMHH Nac LATEHEE
WOUD PS.A ¢ AND ENARLE THE 2 FIELD [AC LATOHES
1R A 1 RISARLE THE 7 MINIMUM

MWD 24,5 1 AND 7 anrrnn DA LATRHES

OV RO EMH

MOV 4,080 ¢+ MOVFE THE 4 LOW BITS IN LOCATTON ToM
MIUT PA&.A ¢ GUT TO THE FIFLD NAC

SHAP A 1 MOVE THE 4 HInd BITS TH LOCATION 20M
MOVT P70 1 OHT TOOTHE FIRLD TAD

179



1A

1144
0184
147
01a8
1A

Mad
AR
OiAN
O1an

sk

QRO

OtR1

HiR?

0133 !

Q104

0185 ¢

(1R

R

mn
13
iy
x
a7
F
27
an
200

“oes

(£5 4405

SACT
ks

3 REZ?
1 A
1 FO

N2
EP&

1104 7400
01T PRO
0106 RERR
(LG A0

LINF

429
Al
442
443
444
445
434
347
i8n
447
Ly
a5t
452
473
454
455
437

353

459
A4
452

WATTRR:

2 MWART:

TG-1T MCR-43/1PT-41 MATRD ASSEWRLER, V2.0 PGE 9
AR1LE SWTTRHING TFLAY

SMIRCE STATEMENT

MOV A, %034 5 DISARLE THE 2 FIRLD DAC LATCHES
MﬁgﬂqPﬁa& 3 ANR ENADLE THE 2 MAXDIMM DAC [ATTHES
INC 7O

?l‘!fN A.8R0 1 MOVE THE & LOW RITS TN {OCATION 21H
MOIVD PA.A 5 GUT 7O THE MAXTMUM VALUF DAC

EWAP A 3 MOVE THE 4 HIGH RITE TN LOCATTON ZIH
MOVD PT,A 3 AT T THE MAXTMUM VALLE TIAC

1R A

MOVD PS.A 3 DTZABLE THE 2 MAXTMIM DAD LAITHES
MOV A, BOCH

MOUT PALA 5 ENABLE THE 7 MINIMUM DAC LATCHRS

INC R0

MOV A,8R0 & MOVE THE 4 LOW RITS IN LOCATION 22H
MWD PAL A 5 T T THE MINTMUM UALUE D65

SNAP A3 MIVE THE 4 HIGH RITS TN LOCATION 27H
MV PTLA ¢ DT TOOTHE MTNTMUM YALLE DA

MOV A, 403H 5 DISABLE THE 2 MINTMUM DAC LATOHER
MV P4,4 ¢ AND EMARLE THE 7 ROTTOM DAC LATCHES
NG RO

MOV A,@R0 3 MOVE THE 4 L0W BITS IN LOCATION 2H
MOV PAGA t GUT T THE BOTTIOM DAC

SWAP A 1 MOVE THE 4 HIGH RITS IN LOCATION 23H
MOVD P7,4 ¢ OUT 70 THE BOTTOM DAC

CLR A

MIVD P4,A ¢ DISARLE THE 7 BOTTOM DAL {ATCHES

MY QL 8000H

gﬁ}?_af’ln'} ¢ DISARLE THE LETUDAT [0 £XPANDER

AL P2,A ¢ ENABLE THE MATN PROGRAM 10 EXPANDER

JNT1 HERF1L

JTL HFREI2 5 WAIT FOR T1 TO BE PRESSED REFURE STARTING THE MOTOR
MOV R4.8-10 1 ALLOM DMLY 10 ATTEMPTS T START THE MOTOR

! MW RO¥7H

MOV 8RO, #1IH ¢ INTTTALITE T START (F 4 PHASE CVOLE
MV RO.423H ¢ PUT THE NUMBER OF PRASFD T FLARGE BETWEEN EVERY
WV A, 8R0 3 SET OF 4 CONAECHTIVE PHASES LRED FOR SPEED CORRECTION

.
YoeLE LW R LN e LV OGN LD
.
1

TH THE ACCUMUILATOR
JNT WATTSP
WOV R34 0% DATAZ § STORE THE LOCATION CONTAINING THE ADDRESS
§ OF THE INTERRUPT THAT CRUNTS FOR 4 PHASES
1 INR2

JHP TNWARD

MV QR4 00 GATAT ¢+ STORE THE | NCATION SINTATNING THE FIRST

; TNTERRUPT AQNRESS IN R3

MOV RO $33H 3 LGF LORATION 23H AS THE WORKING RTGTATER T KEE?

MY 8RO,A 1 TRACK OF THE NUMAER OF PHASES REMATNING REFNRE A SPEED
t CIEINT T8 MATE

MOV 4, B04H

MOVD PA.Q ¢ SELELT SENSE INTERRUPT

MOV R3.470 § NUMBER OF TTMER GVERFI WS BEFTRE 4 RESTART 13 ENTERED

MOV A.4-13 1 START TELAYETI FrR 18 UNITR
CALL WRITTH

120



VARTARLF SWTTCHING TFLAY

0 08l
({FA 2919

01F8 3400
200

Oz00 OF
Gy A9
0207 OF
973 59
004 1202
0206 4400

o8 o

9209 {20F
P08 7713
0700 4425
O20F A1F
211 2419

1712 BFOY
(215 REQ?
o717 3429
0719 P07
218 704
0217 44729
O2MF BFO4
02?1 PEOR
0277 4479
4725 RFOR
(727 BEM

0729 rg24
0278 F)

7 A9
07270 14
OF B

it A
G734 55
73R RASE
4770 a0

LINE
95
494
ATy
“yd
%3
492
504
=04
&7
S04
505
S0k
207

508 !

09

L

5t
512

13

G147

S5

4

S17 &

Ha
S19
s70

sl
572

5
SR

524
528

.,,n,m
ﬁﬂﬁ#ﬁ
D~y idn

FON:

NESEMA SR, VIO

TEU5-11 MOS-43/1PT-41 MACRO !

-
el
]
]

it

STHRCE STATEMENT
Rt P, 810H

JBP FON

{RG 2004

MVT A.PS 3 THECK FTELT CURRENT LEVEL
MV R1.A

MOV A,P& ¢ CTNFIRM WITH A DELAYVED THECK
AN 4,81

JRO MSEN

JMPOFIN

SUITCH (N THF FTELD TRANSTSTOR INTIL THE FIELD
CURRENT REACHES THE VALIE DETERMTMED Y THE FTELD DAC

am aw

MIVD A,P4 3 INITTAL POSITION SENSE, STGNAL TS TMF 7O ROTFV/IMT)
JBO S0EC
B2 CAD
JMP 800

SENCED CTy MOANTNG POSTTION A
SENZET A0 MEANING POSITION D

GRCY JBY 50O 3 SENSED 4R MEANING PRETTION ¢

JMPOSRG T GENGET DA MRANING POSTTION B

T TEFINE R7 AS [1RRENT PHASE SHITOH. RA AT NEYT PHASE SYITCH
MW R7.801H

MY RAEOZH

JHP 51

MOV R7.809H

MY R4, 8044

JHP 5

MW N7, 404

MW RALOGH
JMeont
MO ORTLHOEE
MY RAVEGIH

' STARF 1

MOV RO, 47

MIV A.ERO ¢ PHT THE & LON BITS OF TTME [ELAY IN LOCATTON 24K
MV 1.4 ¢ INTO RY

INC RO

MOV AGGRO 3 PUT THE 2 HIGH RITS OF TIME DELAY IN LOFATION 75H
MV R2,4 ¢ TNTR A2

MW ARG

M PT.A ¢ ENARLE NEXT PHASE TN TWPUT T INTRRRURT
MoV A7

Rl 4. $0FOH

OHTL PLLA 3 TURN OFF THE FIFLT AND TLEN O3 THE

AN PLLHONAH ¢ TURN OFF THE PROMIRBITION oF Ao

MR a

MY T.A

STRT T ¢ START THE TIMER FAfM O
MY RO, E35H 1 OUF % OHORTTE OF ATTUAL TIMT M IBE EOR
MOV 880,44

EM 1 3 ERARLE THE EXTFRNAL INTERRURY



TSTS-1T MOE-43/1RT-41 MARRN ASSEMBLER, V1.0 AR U
VARTARLE SWTTCHING DEF AV

e M LINE SMURCE STATEMENT
079F PRAE SEO WORKLIT JNTO WORKLZ
0241 1445 55t JTE MOAETS
0247 443F =2 M WORKL
(1285 BRI SR MORETT: MOV RO.#3TH
247 10 bt TNC 8RO

INCREMENT THE & HIGH RITS OF ACTUAL TINE IN
LOCATION 35

aw avw

0248 FIOE b MNT BT, WIRKL Y

GI4A 4477 &5t ¥R NZTRT
£57

559 WORKLY2: .ITO CHANGY

=59 JTF WORETZ

S50 JMPOAORKE D

Shi MORETZ: MOV RO, H3SH ¢ INCREMENT THE R HIGH BITR rF RCTURL TIME IN
A2 ING 280 P MCATION 35

53 ILN7 RS HARKLZ

Sad JMP NSTRT

LS

ShE CHANGLD MOV RA.ELOW DATAR 5 STORE THE LOCATION CONTAINING THE ADORESS
47 j OF THE INTERRUPT ROUTIME THAT CHANGES THE

=44 TESTRED SPEED 1N A3
543

(758 A8 70 WORKLZD JNTY WORKIA

i IRELY 571 JTF MORETS

(25 445R a7 JMPWORKL 2

(241 RA5 573 MORET3: MOV RO.43%H ¢ INCREMENT THE 8 HIGH RITS OF ACTUAL TIME IN
PR3 10 74 INC &R0 3 LOCATION 358

1244 €TCR 75 LINT RS WORKL3

0744 AM72 37A MR NRTRT

126 5630 573 WORKLA: TY CHANGD

{1260 1A4E 579 JTF MRETA

0260 3463 530 JMP WORKL 4

O2HF RIS TR1 MORETA: MOV ROLE3TH 3 INCREMENT THE 2 HIGH RITS OF ALTUAL TIME TN
270 19 347 NG 2RO P LGCATION 35

0771 ETAS SR NLINZ RS, WORKL 4

0773 15 534 NSTRT: DIS I

0978 A% 85 ETOP TONT

4275 700 Sigh MO 4. 0C0H

0777 27 =37 T P14 3 TURN OFF THE TRANSISTOR

0773 G 532 INC R4 ¢ [F 10 TRTALS ARE P THEN 5T0P TILL T0 [5 PRESSEG AGAIN
0279 a7 MY AR4

0774 CATE 590 7T TWERTA

{270 AR =2 JMP RESTRT

0777 240 797 (VFRTO: JMP HERRIY

593
0750 RROR S7A CHANGD?: MOV R2,$U0W DATAZ @ STORF THF LOCATION CONTATHING THE ADDRESS
b ! OF THE INTERRLPT ROUTINE THAT DHANGRR THE

596 * QESTRED SPEFT IN R3
0237 443F =97 P WORKL

o8

599 FNTY

HSFR SYMBYS

BAMKES 0047 CHANGY 9759 CHARMG? 0780 ATAD 09009 BATAY? 0004 TATAT 00O
fiF TG QOnF FYTINT 00073 FINTS QUF2 oM 200 HEREY Di40 HERETS SRR
RERF2 (1147 HERER B3 HFREA D55 HERES (145 HEREA Q147

0172

7
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WORFIN £0F7
OMHART TN
oUn PaLY
STRINT 0075

WATEFY G0l

MORET] 0745

o}
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T3T5-T1 MO3-42/UPT-41 MACRO ASSEMELER, V3.0 PAGE 1
CONCTANT SPEED VIA VARYING CURRENT

LAt Rl

aaen
0008 N40R
G003

0003 FR
N4 B3

o007

007 35

{003 93

0002 20

GGOA A

OGOR 2280
aeon 29
{0O0F 34
{00F 2A0F
o011 381

LINE

N S el

oo

ot et B
o~ o h g..»_‘_-.,.j._“.. 50D T ed S L o L e S WG ) I LI e Ll e

RN AL BT

EE

33 SYERET:
e l4
5
2
37 EXTINT:
2
a4

42 TIMINT:

44 T6TAL:
47 DATAX:

S0 RESET:

7 HEREL:
B4 HERED:

SOURCE STATEMENT

PROGRAM TO RUN THE MOTCR AT A FTYER SPEET
INITIALLY THE FTELD TRANSIATAR IS THRNED ON AND THE FIRID:
CHRRENT 15 ALLOMED T0 RISE IINTIL IT REACHES A MAXTMUM | EVFL
DETERMINED BY THE MAXTMUM VALUE FED N ON THE DATA INPUT SHITCHES,
A RESTART WILL ALSD SUBJECT FIFLD CURRENT TO THE SAME REGULATICN,
PUASF CLRRENT WLl RE KEPT QETWEEN THE MAXIMIM AND NINTMIM
LEVELS TETERMINET BY THE MAXIMUM VALUE FED TN ON THE DATA TNPUT
SHITCHES, THE MINIMUM CEVEL [5 58T AT HALF THE MAYTMUM [ZVEL,
THE TIME INTERVAL FOR 4 DONGFCUTIVE PHARES AT THE TESIRED FIXED
APEED I3 FED IN ON THE INPUT PATA SWITCHES, THE CRLOULATION OF
ACTUAM. TIME INTERVAL - DESIRFD TIME INTERVAL TS PERFIRMEDN

FNR 4 PHASES URING 2 REGISTER ARTTMMETIC, IF THE REDNLT I3
POSITIVE. THEN THE MOTOR SFEED IS TOO SLO4 AND THE CLRRENT LEVEL
13 INCREASED, IF THE RESULT IS NEGATIVE, THEN THE MOTOR SPEET
IS TO0 FAST AND THE CURRENT | EVEL T4 TECSEASED, ALSD FED TN

OM THE INPUT DATA SWITCHES 13 THE MUMRER 0F PHASES THAT ARE T
ELAFAE BETWEFN FVERY SET (F 4 CONCERUTTVE PHARES THAT TS LIGED
FOR SPEEN CORRECTIAN, EXTERNAL INTERRUPTS TO NMICATZ GETECTION
F THE NEXT PHASE WILL BE TRIGGERED RY 7ERD CROSTINGS OF THE
SENSE WAVEFNRMS GOING FROM NEGATIVE T0 POSITIVE PRLARTTY.

T RN THE MOTOR:

1,} ON P72 TG PAD INDICATE THE MAXTMLM CLRRENT {EVEL HITH P73
AR THE MGR AN PO A5 THE LER, W PSY TQ P40 INDICATE THE
MIMSER 0OF PHASES THAT ARE TN FLAPSE BETWEEN FVRRY 227 OF &
DONSECHTIVE PHARES THAT IS USED FOR SPEED CORRECTION,

PRESS T),

2,1 0N P73 T P40 THRTCATE THE DESIRER TIME INTERVAL WITH P72
A3 THE MIB AND P& A3 THE L5,

PRESS Ti,

3.} PRESS TO 10 RUN THE MOTOR,

0RG 0
4 SVATFM RESET
JMPORESET

am wn aw

1
e
|

AW M ER AN B AR SN Gk AN AN ek AN U AR uR el em A8 AR AN AR SR N SR AR A8 ek

0RG 3

5 EXTERNAL TNTFRRUPT

MV A.RI ¢ JMP TO THE EYTERNAL INTERRLUPT MITINE WHOSE LOCATION
JMPP @R 1 15 RTORFD AT THE ADTRESS IN R3

R 7

$ TIMER TNTERRIFT
n1s TONTI

RETR

TR LW SERYEY
PR 104 GERVRZ

MOV fL380H 3 T 15 earpiiE THE L .
AT PL,A 5 CXPRMOER, ANT DISARLE THE LED/DAD 10 EYPANDER
Tl P2,4 1 RISARLE THE MAIN PROGRAM IN EXFANDFR

HNTE) HEREY

JTG HFREZ 1 WATT FOR TO 70 BE PRESSED

toks
o
Y



TATR-11 Mro-4/1PT-41 M
FINSTANT SPEFT VTA vaa"wr CURAENT

LaC Rl

132 7320
0015 B220
M7 oF
01a 47
o019 A
nia oF
iR 44
00U AN
Gt Al
O0F ?7
COtF A7
020 18
ont 13
022 “0
4077 At
024 on
ni7s 47
0024 P4
o027 OF
{070 44
02 12
0078 40
(070 4520
Pf?n SAN
N
)?ﬁ 37
ﬁﬁﬁl fA
(037 of
0037 44
{035 19
00as At
szs {F
G037 47
G038 44
o9 OF
038 24
3
0O At
onan “&2D
‘ﬂ"ﬂ: 1‘\-"{.
04y ACFEL
043 3373
(45 By
(047 EROZ

{049 RAT?
003k F3
\qur' ﬂﬂ
0040 74D
204F 39
G50 T0F

(058
{055 RR2D

LINE
55

L
=7
£3
9
£
At
42
A3
£

]

A4
A7
i

A9
70
71
72
73
74
7:’

;
7A

R ASSEMELER, VI PAGE 7

77 HERED:
73 HEREA:
79

0
at

]

50
;ht
Sh
a7
a8
29
%0
"-1 1
77

iq HFRF\"
24 HEREA:

9%
2,
37
g
39
140
1
107

103

RESTRT:

SOURCE STATEMENT

MV Q0. 4704

MOV R, E30H

MAD A,P7

CWAP A

MY /2,4

MOVE A.PS

DAL A.772

MW 8R0.A ¢ ’EEP THE TRIGINGL MAYIMIM VALUF IN [ CCATIIN 20H
My 331»& KEFP THE LPDATEN MAXTMIM VALUE IN LOCATION 204
RLC: :IWIHE THE MAXIMIM VALUE BY 7

'?ﬂf‘ éﬂ T OATAIN THE MINTHIUM VALUE

lJP i1

MOV BROLL @ KFER THE TRIGTNAL MINTMIN UQIHE I LOCATTON “‘d

MOU BRI.A § KEEP THE (PDATED MINIMIN UALSE TN LACATION 3¢

tln-c

MW R2.4

MWD 4,P4

ORL. A.R2

¥Nf Rgp PUT THE MIMBER 0F ELAPSED PHASER [N LOCATION ZM

M BRO.A

JNT{ HEREZ

[T{ HERE4 § YAIT FOR T1 TN BE PREISE

MOVD AL P

SWAR A

MOV RZ,A

MDA, P4

ORI A, R”

INC R 3 HﬂVF THE 3 LOW RITS OF THE DESTRER TIME TO MEMORY

MV eRt.A 3 LACATION 32H

BT &, F7

THAP 4

MOV R2,A

MWD A.PA

R A,R2

TN R ¢ MOVE THE 3 HIGH RITS (F DESTRED TIME TO MEMORY LOCATION

MV 8rL.A 1 T

JNTO HERES

T HEREA 3 WAIT FUR TO BEFOGRE RUNNIMG THE MOTOR

MOV R4 #-10 ¢ ALLOW GNLY 10 ATTEMPTS TO START THE MATOR

MOV RO, 3244 5 INTTTALIZE T3 5TART OF 4 PHAGF ryrlf

MO ﬂﬁﬁ #11H

WV RI.4L0OM NATAL ;3 STCRE TWE LOCATTON CONTAINTNG THE FIRST INTERRIST
4 uWWPC”ﬂ N Rl

MOV ROSBP7H 3 “ﬁVF THE MIMEER (F PHASES TO FLAPSE REFORE THE FIRST

M A QRG § 4 PHASE thNT“ INTR RZ

MO R2.A

MOV A.#40H 3 DISABLE THE TNPIT SWITCH 10 EYPANDER

CTL PLLA ¢ AND ENARIE THE | ERVDAC T3 FYRANDER

MOV A.#OFH § FNARLE THE = FIELL DAL | ATTHES

Mo P8 ¢ amn THE 2 Mﬁ!fVHM DAL LATEHES

(iR A H

MWD PA.A 2

MOV RO.H20H

61

AN 3 ROTTIM PnL LATC%ES



TRTS-TT MOS-&3/10PT-41 MACRO ARSEMREER. V2.0 PAGE 2
CONTANT 5PFEN VT4 YARYING CURRENT

Lot R LINF SOURCE STATEMENT
057 5 Ho M A.8R0 5 MOVE THT INITIAL 4 L4 BITS Q07
NSl 3 133! HOUD Fé.A 5 TO THE FIELD ANDI MAYIMIM DACS
0059 47 112 SWAP A 5 MOVE THE INITIAL 4 KIGH BITS 00T
an%A 3F K MOV P7,A 1 T THE FIFLD AND MAXTMIMM DACY
0053 77 114 LA 3 DISARLE THE 2 FIRLD
a0st 2n 115 MOUD PSLA ¢ ANDT 2 MAXTMIM DAL LATCHES
SO0 2300 Hi4 MIV A.800H 3 EMARLE THE 2 MINIMUM DAC LATCHES
ONSF 20 H7 MOVR P4,A
0040 19 113 N 30
il 0 119 MOV A.BR0 ¢ MOVE THE JNITIAL 4 |08 RITS U7
IRV 120 MOVD PALA 5 TO THE MINIMUM DAL
00AZ 47 121 SWAP At MOVE THE INITIAL 4 HIGH BITS AU
044 3F 1722 MWD R7,A ¢ TN THE ‘ﬁNI"'l*H AL
0045 2303 122 MOV A.403H ¢ DTSABLE THE 7 MINTMUM [RC LATCHE
0047 20 124 MWD P4.A 5 AND ENARLE THE 2 BOTTOM DAC !ATI‘J’ 5
(058 27 25 flR A ! OMOVE TRE 4 HIGH RITS 0T
a2 F 124 MWD 7.4 ¢ T THE BOTTIM VALLE DAC
LA 2208 137 MOV A, #2  3 MOVE THE 4 LW BITS CHT
O0A 3E 12 MOVD PALA 5 TO THE ROTTOM VALLE NAC
04N 27 ¥ fLR A& 3 DISARLE THE 2 BOTTCM DAC LATCHES
f0AE 20 139 MOV PAL 4
OD4F 7200 131 MOV A, #0C0H 3 DISABLE THE LEDVDAC 10 EXPANDER
0671 39 132 T p1LA
72 7 122 [LR A 3 ENABLE THE MAIN PROGRAM JO EXPANRER
1073 24 134 T P2, 4
0074 2444 135 JMP MREST
134
137 ¢ SURROUTINES
an74 2IFF 132 WATTIT: MU 8,31 1 WATTIT YATTS FOR { TINER UNTT
(78 L2 139 WATTTM: MV Tsﬁ 3 WATTTM WATTS FOR & OF (INTTS 0F TTME
(077 =5 140 STRT T ¢ EOUAL T0 THAT IN A
078 1 78 {41 WAITTF: LITF WTMR 3 WATTTF WAITS FOR TIMER FLAG
OG70 0474 147 JHP WATTTF
7 4% 182 WIMR:  STOP TONT
an7E 3 144 RETR
145
144 FYTERNAL TWTERRUPT ROUTINES
147
140 SERVELY MV &.RA
143 (R &, 30FGH
150 amoeas T !R?q (FF THE 0N PHASE AND TIEN ON THE NFW PHRST
151 ANL PLLB0DFH ¢ TIRN 0FF THE 2ROHTRITION OF TAC REGLATION
v
'E'.v iR '3
' :R \'l"llv‘ T
155 STRT T : ATART THE TIHFR FROM O
154 MOV ROLB25H 1 CLEAR THE 2 WIGH RITS
157 MW RI0L.A 1 OF AL "H"! T IME N a5
58 MW RS.470 3 MIUMPRR (0F TTMER OVERFIOMS REFORE A RESTART 19 ENTERED
1‘-"7
140 MOV A.RA 5 UPDATE PHASE REGTSTFRS R7.R&
{41 M N 7.4
142
163
144




TRI5-17 MOS-a3/UPl-41 MACRD ASSREMEIER, V3.0 PARE 2
COMETANT SPEED YTA VARYING CHRRENT

{0 TR LINE SMIRCE STATEMENT

Q093 S20F {45 AN A ROFH

o095 AF 154 MV Rb.4
167

0094 3F 148 WOVD P7.4 5 ENARLE NEXT PHASE T0 INPUT T TNTERRUPT
147

o097 RCFS 170 MOV R4, §-10 5 TF AN (NRERSPEED QCCURS A1LOW 10 RESTART ATTEMPTR
t7

{79 A 177 NEC R2

(0724 Fi 173 MY &,R2

{Y7R 289F 174 JNT FINIS

009N EROA 175 MOV R, 8L.0K DATA? @ STORE THE LOTATION COMTATNING THE ARDRESS NF
{74 1 THE INTERRUPT THAT CUNTS FOR &4 PHASES TH /2

009 73 77 FINIS: AETR
173

O0RD A5 179 SERVEZ: STIP TONT 5 STOP THE TIMFR COINT
1an

008t FE IE3 MWV A.R4

(047 4350 122 ORI, AL SOFEOH

{084 29 1an QT PLLA 3 TURN OFF THE (8.0 PHASE AND TIRN ON THE NFU PHASE

GOAS 99TF 1as ANL FLLR0DFH ¢+ THRN OFF THE PRONTRITION OF DAC AEOITATION
185

0A7 47 HE1 MW AT

(1043 AR 187 MOV R2,4 3 PUT THE TIMER [XHNT IN RZ

G087 77 1298 MR A

0eh A7 129 MY T.4

(0AR 55 1989 BTRT T 4 START THE TIMER FROM 0

N0AT R4 121 MOV RS, 420 3 MIMRER OF TIMER DVERFLOWS BEFORE & RESTART 15 ENTERED
192

O0AE FE 192 MOV A.R4 3 UPDATE PHASE REGTSTERS R7,RA

DGEF AF 194 MOV R7.4

OORN 47 129 SHAP A

Q0R1 4F 194 Rl B.8A

0R? 7 197 Rt A

G033 530F 198 ANL 4, 80FH

OORS AF 199 HoV R4, A
)

Q0RE OF 201 MOVD P7.A ¢ ENORLF NEXT PHRSE TO THRUT 70 INTERRUPT
202

(OR7 RCFF a3 MOV R4, 8-10 ¢ IF AN INDERSFERR OCCIRS ALLGH 10 RESTART ATTEMPTS
xﬁd

ONRY RAP4 205 MOV RO.4724H

0ER ) 04 MV ALBRD

OORC E7 07 RL A

OGRD &0 208 MOV BROLA 1 PDATE PRSITION INDEY IN 4 PHASE NYOLF

JORF {70y 209 JRO CHRCHK 5 HAUE COMPLETED 4 4 PHASE TYOIE

OCN 300 710 JRE STRTCT ¢ JURT OTA R'TT!\.'P & CYOLE

0N R334 Mt MOV RO, 8784 1 34 CONTATNS THE 2 10W RITS F ARTHAL TIME
212 1 25H CONTATNG THE 2 WIGH RITS OF ACTHAL TINF

o604 FA 3 MY ARY

O00S AN "'5 AND A,8R0 7 HPDATE THE 3 LMW BITR OF &CTHAL TIMF 1N 2a

{04 A0 M5 My ﬁﬁu,&

GGCT FACR ”‘_% NG LATER]

G007 14 M7 MG RO

onns 10 212 TNC 8RO 1 HPTATE THE & HIGH RITS OF ACTUAL TTMF TN 35H

oA 93 217 LATERT: RETR

¢y
Jag



[375-11 MCE-A8/HPT-41 MACRY ASSEMPIER. V7.0 PA0GE 5
CONSTANT SPFED VIA VARYING NURRENT

e Mad

GOne FA
O00F ao
Oon0 93
000t 8RR
(003 FA
aona L0
(NS FAN9
aon7 12
aene 10
0Ny B2
oolR 27
CONC AD
fonn 37
00F A4

O00F pARE

{0F1 FO
00E2 800

{0F4 Be
O0F4 27
a6E7 70
OFe 57
R 2400
oon
DIG0 FROF

107 40E
M04 Fa
G108 W0F
G607 RA?
MOF 0
Q108 &4
O10R RROZ

Mon 22
0165 BAR0
o0 997F
"H{".' ")7
0'1" i
«":H T
A REN
32{7 B3SO
119 H'i
i"”" -
M18 '?L‘"ﬂ
M1{D RGFF
GHIF FD
o0 27
a1y A7
M2 13
ﬂ}”

LINE

729
240

SIRTCT:

CRCHK:

SKIPING

7L NPAGE:

NATHT:

SOURCKE ATATEMENT

MOV RO, #34H

MW A,R2 5 BT I 2 RITS F
MY 8RG8 3 -5&,'?2 AL TIP"E TN 23H
RETR

MOV 20.872H

MOY A,R2 § PLACE THE UPTATED 2 LOW RITS iF

ALl A,@RO 1 ACTHAL TIME IN THE ACTIMULATOR

NG SKTPTH

INC RO 3 UPDATE THE 3 HIGH BITE OF ACTUAL TINME IN 23

NG @30

MOV RO, 4724

A A

ADD AL @R

A

MOV R2.A 3 PUT THE LW 2 BITS OF ACTUAL TTME - THE LOW 2 BITS OF
{ DESIRED TIME IN R2Z

MOV RO,435H

MOV ALRRD ¢ PUT THE 3 HIGH RITS ﬂF ACTUAL TIME IN THE ACCHMIBATCR
MWW 8RO, #0 5 CLEAR THE 3 HIGH BITS OF ACTUAL TINE IN LOCATTON
3 2%H FOR THE NEXT f:'*'ﬂ.E
LY RO #73
£ A
ADDC A:QR“
f'?f A 3 HIGH 2 BITS OF ACTUAL TIME - HIGH 3 RITS OF DESIRED TIME
JMP NPAGE
I}RG 100
JR7 CURDER 5 ACTUAL TIME 75 (£S5 THAN NERIRED TIWF
1 ACTUAL SPFETI I3 GREATER THAN DFRIRFD SPECH
: DECRFASE THF CIRRENT
JNT QURING 3 FORANY l?iTHEq NONTERD NIMBRER THCREASE TUE TURRENT
MY AGRY
JN7 CHRING
MOV ROL422H ¢ WOVE THE MUMBER OF PHASES TO FLAPSE BEFORE THE
MV A.BRG 3 NEXT 4 PHASE COUNT INTQ 2
MY R2.4
MOV R3.HL00 DATAD § STORE THE LOCATTON DONTAINING THE FIRST "\”FR
: QFNQC':"; N R3

RETR 3 1F ACTUAL TYME = DESTRED TIME. THEN L FAVE THE CIRRENT (WCHANRED
PR! D? FR0H ¢ D[SAQLE TRE MATIN PROGRAM 10 CV"JHH
ANL PLLHT7FH 5 ENARLE THF |FT/TRC 10 FY 'mvnER
AR 4 ¢ DU ._.‘.‘.Fl £ THE FIELD AR MAXTMIM DAD LAT
mvn P4
MOV &, 400H ¢ RTSARLE THE BATTOM GAC LATOHES
‘*""Jﬂ ., A 1 AN FMARLE THE MINTMIM [AC LayrHr
MW RO, $30H
TN ’4‘."’1“' 7 INCRFASE THE MAYTMUM CURRENT VBLUE BY { [AC LEVRL
Y &, 2RO
JNT ONOTHT
MOV BROLEOFFH ¢ {INLEES THE MAYIMIM YALHE M READY 15 £2
MY !.‘. ann : VARGE A% POOSTRE
IR T o1 DTVIDE THE MAYIMIM VMIF BY 7
RRC & 7 THOORTAIN THE ATNIMIM VALLF
NG RO
MOV AR0.2
MOVD PALA

T
T

tagnd
A

BT
l!l A

PUT THF LIPTATED MINTMIM VALLUE 1Y LOCATION S4H
HOWE THE 4 UPNATED M F{TT-. T T‘ """" HINTMIM DAT

PYTY



TETE-TT MOS-4R/1PT-41 MACRD ASSEMBIER. V3.0 FAGE &
.N’TTW SPEETI VIA VARVING CIRRENT

L NRd LINE GOURNE STATEMENT

M0 47 75 SWAP A

7k 3F 274 MOVD P7,A ¢ MOVE THE 4 UPDATED HICH RBITS OUT TO THE MINTMIM DAC

I 77 RA: WE?{&B:_E THE 2 HINTMIM DAC LATCHRR

M| 73 MOVR P4, A

0179 7203 77 MOV A, 5074 1 ENATLE THE 7 MAXTHUM DAC LATCHES

0178 20 780 MOV P, A

410 B30 a1 MOV RO.E70H

M FO e MOV A,8R0 5 MIVE THE UPTATEDR 4 {0H RITS QUT

M 3R 77 MOVD PALA ¢ TN THE MAXTMIMM DAL

N30 47 24 SHEP & 3 MOVE THE UPDATED 4 HIGH RITS (AT

M aF i MOVT P7.3 3 TN THE MAXTMUM DAC

Mz 77 234 MRA& S UNBLE THE 2 MAXTNIM DAC LATTHER

M33 &n 37 MOV Dﬁ,é

0124 2920 e 0Pl 21,8804 ¢+ DISARLE THE LED/TAC 10 EYRANDER

Q134 9A7F 299 Akl P"‘ #7FH ¢ ENARIE THE MATY PROGRAM [N EYPANDFR

0138 BRY? 290 MOV RO,477H © MOVE THE MUMRER (F PHASES TO FLAPSE BEFIRE THE

0134 FO 91 MV A.8R0 ¢ NEXT 4 PHAST COUNT INTO R?

{15k 4A 92 MY R2.4

O30 RRO9 X MOV R, LM DATAL 3 STORE THE [OCATTON CONTATNING THE FIRST [NTERRIPT
794 s ATORERS TN 73

O13F 92 95 RETR

1aF a4R0 794 CURNCR: ORL P2,#80H + NTSARLE THE MATN PROGRAM 10 EYPANDER

M4 W7 37 AML PL,47FH ¢ ENARLE THE LEM/DAC 10 FYPANDER

A3 77 790 IR A s DISARLE THE FIELD AND MAXIMUM DAC LATCHES

(144 30 9 MR PS.A

A% 2200 00 MOV A, 80CH ¢ DISARLE THE ROTTOM DAC LATCHES

447 ot MWD PA.A 5 AND ENABLE THE MINIMUM DAT LATCHES

0148 BRI0 207 MOV RD,H30H

148 A0 203 W 4,8R0

0148 07 ana IEC A

1AL ) Kida) MOV @RD.4 ¢ TECREASE THE MAXIMUM CURRENT VALLE BY | DIAC LEVEL

(ién 97 04 IR © ¢ DIVIDE THE LIPDATED MAXTMUM VALUE BY 2

OAF &7 07 RRC & 3 TO DRTAIN THE LPTATEDR WMINTMIM VALLE

N14F 17 09 NG Rn

G150 AQ A MOV 8RO.A § PUT THE HPDATED MINTMIM VALUF IN | OCATION 21H

MOUD R4.A § WIVE THE UPDATED 4 LW BITS [WT TO THE MINIMUM DAC
ENAP At MIVE THE LIPIATED 4 HIGH RITS
MOVB P7.4 5 DUT T THE MINTMIM DAC
CIR A 1 DISARLE THE 2 MINIMUM DAC LATCHES
MOV 24,4
MV 8, #03H ¢ ENABLE THE 2 MAXTMUM DAC LATOHES
HOYD PS.4
MOV RO, 830H
MY A, BRO 1 MOVE THE LPDATED 4 LW 3173
MOVD PALE 5 OMT TO THE MARXTMIM DAG
SHAP A § MIVE THE LIPDATER 4 HIGH RITR
'mvn P74 ¢ OUT TO THE MAXTHIM DAC

R A 1 DIGARIE THE 2 MAYIMUM NAC LATCAeS
?‘!l'i'..’n F’S.ﬁ
RL P1. 8304 ¢ QTSARLE THE ""}/"ihl [ CXPANDER
GN{ P2, 47FH 1 FNARLE THE MATN PROGRAM T EYPONDFR
ﬁﬂ*.’ S0.477H ¢ MIVE THE MIMBER 'F 5’“"'*F" T CLARSE BRFORE THE

By ,,,-"R(" ¢ NEYT 4 PHASE COINT INTO RZ

["R{l ﬁ
“]‘.} R’-_:.&t']in.! DATA1 § STORE THE LOCATION CONTATNING THE FIRST TWTFRRUPT

niAg Ffﬂ'}"'

39



TR15-17 MCR-42/1PT-A1 MACRD ASSEMELEH,

V3.0 PagE 7

RONATANT SEFED UIA VARYING FLRRENT

LAt OBl

O1HE 22

WAL PR
OUAE (478

0170 2219

M7? 08
M7 a9
{1174 oF
Mm
D74 1270
73 2472

0178 O

0t7R 1281
M70 7785
Mm7F 24877
0131 3794
{133 43R

155 BFOY
0127 BEO?
039 24
{3k RFO?
0120 e
O1aF 7490
G171 BEg4
M3 PEQ2
0475 2498
G127 BFOR
AL 1

O19R 2304
G170 38
(M3F FE
MaIF TF
0140 FF
0181 435G
a3 32
A4 290F

0184 27
3187 A7
(142 RA%S
3134 A0
(18R 55

G1AT BRL4

O4E 05

LINE

290

i MREST:

FiNs

S0

242 She

SMURCE STATEMENT

£R0RESS TH RZ
RETR

Mﬁu ﬁ!#‘“‘-:
CALL WATTTH

fRI P, #10H 5 SWITCH ON THE FIELT TRANSTSTOR LNTTIL TWE FIGLD
: CHRAENT REACHFS THE VAILUF [ETERMINED 3Y THE FIfLD BAC
MW AWPA t CHECK FIFLR f!ﬁREHT { FVEL
W RLA
MIVD A,P6 ¢ CONFIRM WITH & TIELAYED CHECK
AML AR
JRO MEEN
JMP FON
MOVD 2,P4 3 INTTIAL POSITION SENSE, SIGNAL TS OUE TO ROIFY/THT)
JB0 508G
JR2 SA0 5 SENSED O MEANTNG POSITION 4
JMP N0 ¢ SENSED AC MEANING POSITION I
JRY BCD 5 SENSETY AR MEANTNG POIITION €0
JMP SRO 5 SENGED DA MEANING POSITION R

s DFFINE R7 AS {1IRRENT PHASE SHITCH, RE AS NEYT PHASE SHITCH
HﬂV R7.401H
MOV RA,$07H
JHe 5
MOV R7.807H
MW RA, 8044
P 51
M R7, 8044
MOV RA, #0°H
JHP AL
MOV R7.¥08H
MOV Rh, 3014

3 STAGF 1

START [ELAVED FOR 18 INITS

aan ram aw

MWV A H04H ¢ SELRCT SENGE INTERRUPT
MV Ph, A
MOV A RA

¥OUR PT7.6 3 ENABLE NEXT
MV 4,87
OR1 A, 30FE0H
T P4 g
AN PLLSODFH 3

FHASE TO TNPUT TO INTERRUPT

TURN (FF THE FTELD AND TURN (N THE 81 ECTER PHASE
TURN OFF THE BROMTRITION OF DAR CLREENT RERUNATION

R A

qnl! T A

MOV Rn.".%H : LFAR THE 7
MY BR0O,A 4 FOR THE FU
STRT 7T ¢ ST&RT THE T

MY Q.,-,s r JIMBSR nr TIMER [WERFLIWS BRFRAAT A RECTART 13 ANTD

HIFH QTT OF ACTHAL TIME IN 254

FN T ¢ ENARLE THE DXTERMAL INTFRRIPT



TST0-1T MOS-42/1PT-41 MAPRN ASSEMBEER. V3.0 BARE A2

CINETANT SPEET VIA VARYING CLIRRENT

e R

O1EF 1483
1R 744F
MP3 ARGS
MRZ 10

O1R& FTIAF
R85
Q1R &5
1R4 7340
O1RC 39
(BN 2AR0
{IBF RE7Y
ML FO
N2 B30
M4 At
o5 1A
A FO
o7 19
a0 At
IR AR N
A G
MR CAF
N 0443
O4CF 0420

HSFR SYMANLS
AGATN  OICF

RN o172
MORETY Q1R2
S0RC 013t
SKIPIN QON9

TR 007F

AEREMBLY COMPLETE,

CHRCHK 00Nt
HFEREL  O00OF
MREST 0140

STRICT Q00T

LI
385 UORKLL:

324
SR7 MDAETI:
b
A
RY4!
32
293
298
95
394
17
e
139
&)
01
402
403
08
a05
A0k
07
408 AGATN:
447

410

N FRRORS

{IRDCR 05F
HFERE? 0t
MSEN 0174
0138 A0 MeEs 580 4158 Ao 1171 Y] a1s7
AYSRAT 0000

SUIRCE STATEMENT

JTF MIORFTY

JHP WA

MOV RO, #3TH

ING @RO t TNCREMENT THE & HIGH RITS OF ACTUAL TIME N LOCATION
s

NLNT AL WORKLY

ms

STOP TONT

MOY AJB4CH 3 TURM (FF THE TRANSISTOR

fTL P1,A ¢ AND FNABLE THE {ED/RAC 70 EXPANTER

fRL P2,#20H 3 BIZARLE THE MAIN PROGRAM 70 DYPANDER

MOV RO,820H 3 PUT THE ORTGINAL MAXIMUM VALLE CONTAIMED IN LOCATIMN

MV 48R0 1 OH

MOV RYLHE0H § INTO LOCATION 30H CONTATNING THE UPDATER MAXIMIM

MOV @R1,4 7 YALLE

INC RO t PUT THE ORTAINAL MINIMM VALUE CONTAINED IN [OCATION

MY 4,8R0 1 TIH

TNC Ri }OINTO LOCATION 31H CONTAINING THE LPDATER MININUM

MOV 8Rt,A 3 VALUE

INC R4 1 JF 10 TRIALS ARE 1P THEN 5TOP TILL T0O IS PRESSED AGAIN

M 4,04

J7 AGAIN

JMP HERES
END
CHRING OO0

HERED 0028
NOTHT 0120

DATAY 0009 DATAZ X
HEREA 0020 HERER 0020
NPARE 0100  RESET 000B

FXTINT 0003
HERES  O03F
RESTRY 0042
{ SERYEL 0030
WAITIT DO74 WATTTM Q072

TIMINT 0007 WAITTF Q078

P
by

FINTS Q0%
LATFRE QOCR
2060 0170
TERVEZ 00RO
WORKL L O1AF



ASMAR AUMADC, WAL DRTIG XREF TITLE

(FZLMMARY ACCELERATION PROFILEY)

T215-1T MOE-48/1PT-4) MATRN ASGEMBLER, Y3.0 PAGE 1
AUMMARY ACTELFRATION PRGFILE

Lo R LINE SOLRCE STATEMENT
i t PROGRAM FOR CRTAINING & SUMMARY ACCEI FRATION PROFTLE
2 T INITIALY THE FIFLD TRANSTSTOR 12 TURNCD ON AND THE FTELD CLARRENT
3 3 15 MLOWED TO RISE INTIL IT RF;}MCQ il gﬂJFL TETERMINED BY THE
4 3 FIFLD DAC VALNUE FED [N 0N THE INPUT 0ATA "*.ﬂ"f‘.’— 3, PHASE
b 1 CHRRENT WTLL BE KEPT BRETWEEM FAVH'IM ANTE MINTMIM iEUC' S DETERMINED
& : BY THE MAYTMUM AND MINIMUM DAC VALUE3 FFD IN ON THE INPYT DATY
7 i SWITCHES, PRESSIMG THE 71 RITTON KILL START THE MOTOR, EXTERNAL
3 1 INTERRUPTS TO INDTDATE BETECTION OF THE NEYT PHASE WILI BF TRIGGERED
9 : BY 7FRD CROSSINGS NF THE TENSE WAVFFORMS ROING FROM NEGATIVE T
10 i FOSITIVE POLARTTY.
i 1 70 RN THE MOTOR:
12 1) ONOPTR TOOREO. THE TOP SET OF DATA INBUT ZRITEHER, INDICAT
13 $ THE FTELD NAC VALIFE WITH P72 AS THE MGR AND PEO AS THE 1SR, oM P33
14 5 70 PA0, THE BOTTAM SET OF NATA INPUT SWITCHES. {*m" T‘E THE F "D""’
b] s VALIE T BE APRLTED TO THE DAC ANDRESSING THE #AXTHMUM ’\.:M.’.E(T@“'!
14 3 COMPARATORS WITH PSR AR THE MSR AND PAQ AS THE 15R.
17 { PRESS TO,
14 1 2.0 TN P73 TO PAD TNRICATE THE FTRST VALLE TO BE APPLICR TO THE
19 t DAL ADDRESSING THE MINTMUM VALUF(MIDDLE) COMPARATARE, ON P52 Tn
20 1 PAG INBICATE THE FIRST VALUE TO BE APPLIER TO THE DAC ADDRESSTM
21 § THE BOTTOM COMCARATORS,
i + PRESS T1.
23 P30 (N P73 TO PLO TNDICATE THE NUMRER OF [OMSECUTIVE PHRSES
24 3 FOR WHICH 4 TIME DMIRATTON IS TAKEN,
25 ¢ PRESR TO,
Pl 1 4.) PREAS TY T START THE MATOR, FOR 512 SETS OF THE NERIGNATED
27 4 NUMBER bF CONAECUTIVE PHASES, TINF I‘?'i'\T"‘ ’aiIil 3E STORED TN
] s THE 2155-2 RAM, THF*J ALl THE TRANGSISTORS WILL BE T!' T OFF,
29 TR0 ALTERNATELY PRE‘“" TOOAND TY 70 READ JUT THE TIME DURATIONS
K4 + IN THE LEDS,
3
Bl

00 a2 0G0
23 BYARST: 5 SYRTEM RESET

000 0408 4 JMP RESET
e

o003 3 RG 2
37 FXTINT: @ EYTFRNAL INTERRUPT

G002 N47R a3 zﬂP SERVIC 1 LJJUMP TN THE CXTERNAL TNTERRUPT ROUTINE
Sy

o7 a9 RG 7
41 TIMINT: 5 TIMER FN*FRRHP"

4007 10 47 INC RS ¢ WHEN THE [OWER 2 TIME ATTS QVERFLON THEN [MIREMENT
a3 1 THE § [IPPER TIME RITS

G002 1408 a3 JTE CLRTE

08 73 25 CLRTF: RETR
A4
47 RESET: MOV A, 420H ¢ TURN OFF THE TRANGISTRRS. EMABLE THE TRPUT RUTTCH
43 ‘_*!_iT'_ PL.A + SUTTCH 10 SYPANDFR, AND ATSARLE THF ,-—" /AT 10 ZIFANTER
A9 AT PP.A ¢ TISARIE THE MATN FRIGRAM 10 CYPANTE
50 HERE1:  LNTO MFREY
51 HERE?: TG HERE? 1 WAIT FOR T TN RE PRESSED
52 MY RO. $204

finis OF ] MOV ALPT 1 MRVE THF £ HISH BITR OF THF

0ts A a4 M OARNLA 1 FTEID VALLE TO ME ““LR_‘{ i__’f;‘.‘.TI! 70
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o

1Oc 0BJ LINE AUIRCE STATEMENT
G017 1 A% INC RO
4013 @ "-' Sh ¥OUD A,PA 1 MOVE THE 4 {08 BITS OF THE
3019 A0 a7 HOV 8R0,A ¢ FIFLT VALLE VALUE TO DATA REMORY {OCATION iH
00148 18 53 INC RO
R on 59 MOUTE A.PS ¢ MVE THE 4 HIGH RITS OF THE FIRST
8010 A AD MOV BRO,A ¢ MAYTMUM YALIE TN RATA MEMORY LCCATION 2
MR &1 INC RO
OME o &2 MOV AL.FS 3 MOVE THF 8 1.0W RITS OF THE FIRST
GMF A0 A3 MV BRO.A 1 MAYIMIM VALUE TO ﬁATA MEMORY LOCATION T3
(020 8670 A48 HEREZT  NT! HERER
(022 BA72 h‘:‘p HERE4:  JTY HERES ¢ WATT FOR TY 7O BR PRESSED
a0z 18 INC RO
o075 OF -J MWD A.P7 ¢ MOVE THE 4 HIGH RITS OF THE FIRS
G026 A0 A3 MOV @RO,A 3 MINIMUM VALLE TO DATA MEMORY LOCATIIN 24M
077 18 kG INC RO
028 OF 70 MVD A P4 ¢ MOVE THE 4 LOW RITS OF THE FIRSY
5079 &) ?1 MOY 2R0,A 5 MINTMUM VALUE TO DATA MEMORY LOCATION 254
a07a ia 77 ING RO
07RO 73 MOVD A.PS 3 MOVE THE 4 HIGH PITS iF THE FIRRT
Q070 A0 73 MOV 8RN.A ¢ BOTTOM YALUF TO DATA MFMORY LIACATION 24H
o0 12 75 INC RO
H00F O 74 MU A.PA 3 MOVE THE 4 10N BITS OF THE FIRS
00FF AD 77 MW BRN,A 5 ROTTOM VALUE TO DATA MEMGRY !.i.'ﬁ.‘t-‘-T’f.‘nf\I T
0030 PR30 73 HERFR:  NTO HERES
37 3837 79 HEREA: JTO HRFGFA § WATT FOR TO TO BE PREISED
o024 OF 20 MIVE A,P7
0035 47 2 SHAP A
A az Y R2,4
3 MWD A.PA
HIZE 4 o4 (Rl A.R2
039 f,s && MOV R2,& ¢ PUT THE MIMBFR OF CONSECHTIVE PHARES FOR HHICK &4
%% s TIME DMRATION 15 TAKEN IN R3
G078 4A20 A7 HEREZ:  NT1 HFQF?
03T A0 28 HFERFIN: JT! HRRE1O 5 WAIT FOR 71 BEFGRE THE MOTIR STARTS
03E 7280 o7 MOV A.BAGH ¢ NTSARLF THE TWRUT SWITCH In fYPANDER
0040 29 20 T PL.A ¢ AND FMARLE T'—{F P ER/TAC TQ CYPANTER
0081 7a00 24 MOV A‘mm DTEARLE THE 2 MAYIMINM DAD | ATRHES
(033 70 kP 'ﬁf'ii-’n P‘i.ﬁ ANT} ENARLT H-' 7 FIALD DAC LATOHES
{48 27 73 CIR A s DISARLE THF 7 MEMHUM
045 O 24 wx} F'Jl :; 1 AND 2 TTTEJ*M TAG LATCAES
- PA) WOV RO, 4704
% MY &, 8R0 5 MOVE THE 4 HIGH BITE
97 MOUD P7.A 4 OUT TOOTHE FIELD PAD
93 N RO
9g MW ABRD 3 MOVE THE 4 10 RIT
0o MOVR P&, 4 ¢ OHT TO THE FIELD {'
int MW A, 40734 3 RISARE THE 2 FI Fin NAC LATCHES
107 MWD PR,A ¢ AN CNARLFE THR 7 MAXTMUM D&C LATOHES
103 ING RO
14 MW AR 1 MOVE THE FIRST 4 HIGH RIT
05 MOMT PTLA  OHT TO OTHE WARXITMINM VAL .F "‘l‘
{ 134 ING RO
058 £ 197 M) ALERO 2 W' US THE FIRST & 1o A1Ts

S 7 e AN PAA ¢ OUT T THE MAXTMUM VALIE nac
G056 07 109 TIR A 1 DTSARLE THE 7 MAYTMUM DAT | ATCHER



T-A1 MATRO ARTEMBLER, VA0 PGE 3

R
a0 R LINE SURCE STATEMENT

ST N 10 MWD PG
(057 2300 11 MOV AGHOCH 3 FMABLE THE 2 MINIMUM DAC LATCHES
a0%A 30 11 MOVD P4,
{i05R 18 i THC RO
o050 F0 ¥V A.8R0
ansn = MOVnL P74
O0%F 13 INC RO
(08F £ MV A.8RQ 3 MOVF THE FIRST 4 L0W JITE
NN IE MIYD PALA 1 TIT TN THE MTNIMIM VALLE DAC
MOV A.807H 1 DISARLE THE 7 MINTMIM DAC LATCHES
MND PA,A 5 AND EMNARLE THE 7 BOTTOM DAC LATOHES

(0A1 2303
A3 I
TNC RO
MOV A, 8R0 ¢ MIVE THE FIRAT 4 HIGH RITS
[T T THE BOTTOM YALUE DAC

MOVE THE FIRST 4 HIGH BITS
8T TO THE MINTMIM VALUE DAC

awan

b 3 AR T R RO

&l 13
165 FO :
0086 3F MOV PT.A 4
047 12 ING RO
063 FO 125 MOV A,8R0 3 MOVE THE FIRST 4 {0W BITS
069 3E 124 MOVD PA,A 5 QUT TO THE BATTOM VALLE DAC
0sa 27 127 1R A ¢ NISARBLE THE > PATTOM DAC LATCHER
COAR 3N 12 HOUD P4.A
(0AT 2300 129 MW & 3000H 5 DISARLE THE LED/DAN 10 SXPANDER
O0AF 39 120 L P14
O0LF 77 13 (IR & 3 FNARLE THE MAIN PROGRAM 101 FXPANDFR
G070 34 112 anm. A
071 020F 173 JHP MREST
{24
135 t SHRRGHTINES
134 WATTIT: MOV A,8-1 5 WATTIT WATTS FOR 1 TIMER INIT
137 KATTTM: WOV T.A ¢ WRITTM HATTS FOR & OF IINITS OF TIME
133 STRT T 5 EGUN. TO THAT TN 4
157 WAITTF: JTF WTMR 3 WATTTE WATTS FOR TIMER FLAG
140 JUP WATTTF
141 WTMR:  STOP TONT
142 RETR
143
134 2 FYTERNAL INTERRUPT ROUTTNER
(070 FE 145 SERVIC: MOV ARA
G076 4350 184 Rl A H0FOH
ona0 29 147 OUTL F1.& 5 TURN OFF THE CLD PHASE AND THRN TN THE NREW PHASE
O3 99NF 142 AN P1,S0DFH 5 TUAN [FF THE PROHTBITION GF BAC REGAATION
142
{07 FCAD 150 TLIN7 RA.UPDATE 5 CONTINUE CTONTING IF THE REGUIRET NUMRER OF
151 3 CONSECUTIVE PHASES HAVE NAT SLAPSEG
oS &5 152 TP TONT
N34 1468R {53 JTFONEXTY 0I5 A TIMER DVERFLTE HAS OOCUARED. THEN JMCREMENT THE
154 § UPPER 8 RIT COUMNT
(0RR 04R0 153 JMP NFYTZ
46 (0 1545 NEXTI: ING RS
G08R 35 157 T8 TONTT ¢ REMOVE ANY PENRING TIMER INTCRRUET
o 75 155 FNOTONTT ¢ THEN RESTORE THE TIMER TMTERRIET
{0an 42 159 NFYTZ: MOV AT ¢ STORE THE TIMER NRUNT TN AN FUEN CYTERNGL RAM LICATION
0038 70 140 MOVY 3R0.4

e ks e Sare i [ e S et
ra \:3 T 1) b ke e s (et

LR B,

o0aF 77 141 oiRa
0090 A7 147 MY 7,4
e =R 143 SYRT T ¢ START THE TIMFR FROM O

77 12 144 INC RO
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£
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2T
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LPDATE:

HEREIS:
HERF 1AL

HFRELT:
HEREL A

UM STATEMENT

MOV A.RS 1 STORF THE LPPER 2 RIT CRUNT IN &N OOD CYTERNAL AAM
MOVY BRO.4 ¢ (OCATION
80U RS, 80 1 RESTIRE THE UFEER 3 TIME DOENNT qr = T0 0
®0Y 8,52 1 NﬂUF THFE MUMBFR 00F CONSFCUTTUR Pya ﬂ FIR WHICH A
MOV RALA ¢ TTME THIRATION T3 TAKFN IN R? NTG ,4
INC RO
MOV A,R0 1 CHANGE THE AAR ADNRESS RITS 70 THE FYTCRNAL RAM FROH
JMZ HPRATE ¢ 00 TN o1 T 10 TO §{ WHEN THE 3 |OWCR AGDRFSS 2173

y BECOME O
INC Ri
MV A.8R1
A7 [ ASTPH @ WHEN A%AR 12 REATY TN AFTURN TN 00 ASAIN THE EXTRRNAL
RAM | CATIONS ARF ALL FULL AND THE TRANSTETORS WILL
RF TURNED OFF

. sy au

aim. A

MOV &.R& 1 PTIBTE PHASE RFGTETERS R7.R4
MW R7HA

SHEP A

MRi. 4.8A

A

ANL &, 80FH

MOV RA.A

MOUT RP7,5 1 ENARLE NEXT PMASE T TNEUT 70 INTERRIPT

g

SRR

MW A, 250H 3 DTOADLE THE MATN PROGREN 10 EXPANGER ANDU INTTTALTZE
T, P28 5 THE FXTERNAL AAM A7AS ARTRESS BITR T 00
MW A, $40H 5 TIURN 0FF THE PHASE TRANSTATIR
CUTL P1.4 3 AN ENABLE THF LED/DAC 10 ’xvaNnFR
JNTO MERELS ¢ THEM ALTERNATELY PRESS TO ANRILTL T gnrpv THE
JTO HERELA § TIMER COINT T THE [OWFR lru- nﬁn THE 35 ”ﬁ INT TR
HOVY A.ER0 ¢ THE LIPPFR LFIS

MUT P4,A
ZUAP A

MOVD PSLA

rmp ng

Y A, 370

Mﬂ“n P!ﬁ ’t

f-“ﬁp A

MWD P7,3

THR RO
JUNTY HERELT
JT1 HERE{Z

MY A, BRI
oYL P4,4
TWAP A
MW FR.A

ING RO
Y ALBRG

MOV P&

SRR A

MO BT, A
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L0 MR

H00n 12
a00F 72
OOOF 9ARZ
ﬂﬁﬂi 17

00a 34
a0NR 3934
UL

O0EF M3
00FT 1475

O0F3 R910

O0FS OF
00F4 A3
l"ﬁF-' hE
JOFR 59
(e 12N
NGER D4FS

ﬁFFB or
F 7400

.!ﬂﬂ 1204
14 l"’ 7‘2{1{;;
ﬂiﬁ& 315
G104 304
4103 2810

{04 BROY
OI0 REND
010F 7420
{10 BFO7
Q112 R
(14 2420
G116 BFO4
(118 REGA
G11A 247
114 REOR
{1tF 8BRS

LINF

B
&
92
r'-‘".\r

Faras

.V"'g
e
£ Lat

26

prrs

Mq LASTOT:

277 MRER

”Zﬂ FNe

25 2p08

YT
"RE RO

T:

SOUIRCE STATEMENT

NG RO
HOV AGRD §
N7 HERF{S
INC Rt

MW A.8R1
A7 LRSTET
., PLAa
JMP HERF18
MOV A, B30H

GFCAENCE ADAS FROM OO TO 41 TR 10 Y0 11 TH 00

UM, P2,
MOy R1, 444
JMP RERESS

MV A.2-12 1 START IELAYED FOR {8 UNITS
CALL WRITTM

(RL B1L810H ¢ SWITCH ON THE FIELD TRANSTATOR INTIL THE FIEIG
CURRENT RFACHES THE YALLE DETERMINED RY THE FISLD
MOVD A,P& 3 CHRCK FIFLE CURRENT LEVEL

W R1.4

MOVR A.PA 3 CONFIRM WITH & DELAYED CHECK

ANE. ALRL

JRO MEEN

N

MW AP 3
MR NPRGE
ORG 100H
JRO SOBC
AR 560 ¢ ZENSED OO MEANTNG POSTTION 4
JMP OGN0 5 SENSED RO MEANING PO3ITION D
JRTOSCO 5 SENSED A MEANING POSITION
JHP 5RO 3 GENSFD DA MEANING POSTTION B

3 PEFINE R7 AS CIIRRENT PHASE SWHITCH, RA &
MY R7.501H
MV A, $02H
MP 3

M 7,8072H
MY R4, 408H
JMP 41

MY A7, 4044
MOV R4, 40°H
JMP 51

MOY BT, S05H
MY RA, BOTH

Ty

INITIAL POSTTION SENSE, SIGNAL

SONFAT PHASE SRITOH

¢ BTAGE 1

MR 2, 308H
MW PALA
ooV ALRR 3 MO
W A%.A 5 TN

SELECT SENSE INTERRUPT

F THE NIUNRFR 0F f‘ﬁ“CF'T"F '“A’ S FNR KHITH A

E DHRATICN [5 TAKEM

™

MOV RTL8ATH ¢« HER 1 OCATIONG

A TO AR TH AR TH

PR TR T TEy s
T3 [ T ROIRy T

oAn



IST5-17 MPR-4G/1RT-41 MACRN AGSEMRLER, Y3.0 PAGE &
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[RE M

{177 3119
0177 19

Q174 B
Mt
8417n

19
B
F 19
RiO0

) RA0D

0147 FE
{142 3F
a4 =F
145 2350
0147 32

0143 990F

nisa 27
4R &7
Mian 55
G120 RO

014F 0%
4150 75

G151 2451

HRER SYMBOI R

SRTF 0GR
UCRF q 0007
LASTPH O0AL
SORG oG4
TIMINT Q007

ASTEMDL Y NOMPL ETE,

LINE STURCE STATEMENT
75 MOV @R1,B10H ¢ THE FXTERNAL RAM A%A3 ADDRESS RITS FROM 60 70
a7 THCRY & 01 TOO 1O 70 11 TO 00
77 MO BRYLL470H
778 TNE R
27 MOy @8Rt $30H
230 TNC RY
et YOV ARL. 80
me INC ORI
3 MOV 2rt, @20
764 TNE R
785 MY 8R1, F0AMH
294 TNE RY
m7 MW 8R1, $0RMH
a8 INC R
w2 MOV 271,80
”QD MOV RYL#40H
M MY ROL8G ¢ INTTIALTIE THE 2 LOKER BITS OF THE RAW LOCATION
92 1 COUNTER TH THE O POSITION
?93
794 W A.R&
95 MOUD P7.A 5 FNARLE NFXT FHASE TO INPUT TH INTFRRUPT
294 My 4,A7
737 R A,MFGH
7R QUTL PL.A § TURN (OFF THE ETELD AND TURN MM THE ZELECTER PHRSE
™ ANEL 21, 3#00FH 5 TURN OFF THE PROHIBITION F DAC CURRENT REGIEATION
nno
nt 13 4
02 MY T.4
a3 STRT T § START THE TIMER FRIM O
08 MV RS, 80 3 MLEAR THE LIPPER & TIME DOUNT RTTS
'7{'!:
304 EM T 5 ENABLE THE EXTERNAL INTERRUPT
207 EN TENTT 3 FNABLE THE TIMFR INTERRUPFT
203
209 WORKL1T JMP NNTLY
210
a1 FNR
SYTINT 8003 FON OOER HERE! O6OF  HERELD 0030 HERE]S O0RY
HFRE? 0G4t HEREZ 0020 HFRE4 (072 HERES (030 HEREA 0032
MREST OODF  MSEN  QOED  WEXTL GORR  MNEXT2 O0RD NPARRE (0100 REZET
51 o120 SA0. 04 5BOG @10 ARD Q1A BEO Ouin GRRUIT
HPTATE O0AZ WATTIT 0073 HATTTF 0077 HATTTM Q075 SIRKL L S HTHR
M1 FRRORS

ih’)( ‘F.'
070
{078

REL7 O350
"‘Ti T G003
a7
G000




CHAPTER 5 CONCLUDING REMARKS

The program titled CONSTANT SWITCHING DELAY using only
position feedback that allowed independent speed and current
level control ran the motor over a speed range going from 17.6 to
1625 R.P.M. Current level control would allow torque adjustment
for any constant load. Because this program has the greatest
speed stability and range, it would be the program of choice for
any known constant load since a lookup table giving time delays
for desired speeds can be easily constructed.

However, for a variable load situation, the program titled
VARIABLE SWITCHING DELAY using both position and velocity
feedback that allowed independent speed and current level control
would be the program of choice. Although the speed range only
extends from 100 to 1640 R.P.M. and the rate of time delay
updating must be properly adjusted for speed stability, veloeity
feedback is necessary in a varying load situation. Current level
control would allow adjustment for the maximum necessary torque.

The program titled CONSTANT SPEED VIA VARYING CURRENT is of
little practical use because the speed range is very limited,
only extending from 1400 to 1710 R.P.M., and because speed and
current level cannot be independently controlled. It does,
however, have the advantage of minimizing power dissipation
during high speed operation., It would be interesting to see if
using 10 or 12 bit DACs rather than 8 bit DACs would
significantly extend the present narrow speed range.

A two phase on program could be written although this would

limit the upper 1imit of speed because in a one phase on scheme
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speeds of nearly one chop per phase are obtained while in a two
phase on scheme the speed must be slow enough to allow sensing
windows of zero current for proper waveform detection.

Acceleration and deceleration profiles could be optimized
for different supply voltages, current levels, inertial loads,
and frictional loads. Since the air gap between the rotor and
stator varies from .003 to .010 inch in the motor used,1 a more
precise motor might be necessary for this undertaking.

The 8 bit timer incremented only e#ery 32 instruction cycles
or 43.5 microseconds, thereby limiting the resolution of the
phase duration counts. For time resolution less than 43.5
microseconds an external clock can be connected to the T1 input
and the counter operated in the event counter mode. Then, ALE
divided by 3 or more can serve as this external clock, This
would allow a time resolution of 3 instruction cycles or 4.1
microseconds, but a T1 pushbutton input would no longer be
possible, Interfacing with an external 16 or more bit timer
capable of incrementing with every instruction cycle would be the
best solution.

In the future an Intel 8749H, which is similar to the 8039
but has a 2K x 8 EPROM included on a single microcomputer chip,
could be used. Since the use of more than 2K of program memory
never proved necessary, a microcomputer system could be
constructed without using any address latch or external EPROM.

The use of microprocessors belonging to the Intel MCS~-48
family, such as the 8039 or 8749H, has one major drawback. The
MCS-48 family is primarily designed for switching operations and

has a rather weak arithmetic capability. Members of the MCS-48
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family have addition instructions but no subtraction,
multiplication, or division instructions. Implementation of
moderately complicated arithmetic algorithms in the time
available would require another type of processor with more
arithmetic capability, possibly one used as a slave processor to
a MCS-48 master processor. A 16 bit processor would eliminate
the need for 2 register arithmetic. |
The waveform detection scheme has a major drawback; the
field coil must be placed in series with the phase coils. This
greatly reduces the maximum possible phase current slew rate and
hence increases the minimum possible phase chop duration. Thus,
faster speeds could be obtained in an optical detection scheme in

which the phase coils were not in series with the field coil.
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