
1 2 3 4, 5 6 7 METHOD OF OPERATING AND INDUCTION MOTOR CONTROL SYSTEM 11
The present invention relates to an improved control 12 system for AC
induction motors and, in its preferred embodiment, 13 to an improved
digital induction motor control system. 15            A prior art digital
induction motor control system is 16 shown in U. S. Patent No. 4,361,792
issued November 30, 1982 17 and assigned to the assignee of the instant
application.  The 18 system disclosed in that prior art patent derives a
calibrated 19 phase angle and then controls the operation of the motor
based 20 on that phase angle, irrespective of variations in motor 21
loading.  In this way energy consumption is reduced.  Referring 22 to Fig.
1 of U. S. Patent No. 4,361,792, after the motor has 23 gotten up to speed
the count in incremental counter 38 and delay 24 counter 36 is zero. The
number in phase angle counter 34 25 corresponds to the phase angle between
motor voltage and motor 26 current zero crossings. The count in the
incremental counter 27 is incremented every other cycle, which causes the
count in the 28 delay counter to be similarly increased.  This increased
delay 29 in firing the triac reduces the phase angle and, therefore, the 30
count in the phase angle counter. Eventually, the number in the    185 -2-
1  phase angle counter will be approximately equal to the number 2. in the
delay counter.  The number in the phase angle counter 3  can then be stored
in the phase angle register as the calibrated 



4  phase angle and used to operate the system. 6         Deriving the
calibrated phase angle in this manner, 7  however, means that the number
stored in the phase angle 8  register as the calibrated phase angle
depends, in part, on 9  the initial motor loading.  Greater power savings
can be 10  obtained if the motor happens to be heavily loaded when the 11
calibrated phase angle was derived.  The prior art also 12  discloses how
to modify the initial calibrated phase angle 13  so as to yield a refined
calibrated phase angle.  See column 5,- 14  line 3 through column 6, line 3
of U. S. Patent No. 4,361,792. 15 16 17 18 19' 20 21 22 23 24 25 25 27 28
29    216-185 -3- 2 3             The present invention represents an
improvement over 4 the invention of U. S. Patent No. 4,361,792. As noted in
that 5 patent, the application was based on limited experimentation. 6
Based on extensive experimental work applicants have developed. 7  a new
and improved method for controlling AC induction--motors. 



8  Applicants have discovered that changes in both the phase angle-- 9  and
the firing delay result from changes in motor load and that 10  these
changes occur in a characteristic manner which is common 11  to AC
induction motors.  This characteristic may be approximated 12  by an
equation of the form y = mx + b, where y is the phase 13 angle, x is the
firing delay, m is the slope and b is the - 14  offset.  Applicants
have-also discovered how this characteristic 15  may be used to control AC
induction motors with substantial 16  energy savings. 17 18             In
addition, applicants have discovered a way to 19  optimize energy savings
by means of a "perturbation" technique. * 20  in which the firing delay is
increased by a predetermined 21  amount and the behavior of the phase angle
is evaluated for *   22  several cycles.  If the-result of the
evaluation-indicates 23 that additional energy savings are possible, the
firing 24  delay is again increased by a predetermined amount and the 25
behavior of the phase angle is again monitored for several 26  cycles.
This process is repeated until energy savings 27 are maximized. 28 29 30
4 - 2 3            Fig. 1A is a flow diagram depicting the operation 4 of a
motor control system in accordance with the present 5  invention; 6 7
Fig. 1B comprises graphs of typical motor responses 8 when controlled in
accordance with the present invention; 10          Fig. 2 is a schematic
diagram of a preferred motor 11  control system which may be used to
implement the present 



12  invention; 13 Fig. 3 is a schematic diagram of another motor control
15.. system which may be used to implement the present invention; 16
Figs 3A to 3F show details of the diagram of Fig. 17  3. 18 19 20 21 22 23
24 25 26 27 28 29    216-185 1                            -5- 2 3
As already noted, the present invention is based on 4   applicants'
discovery that AC induction motors share a common 5  characteristic,
namely, that changes in phase angle and firing 6   delay with variations in
motor load can be approximated by the 7 formula y - mx + b, where y is the
phase angle, m is the slope, 8  x is the firing delay and b is the offset.
A preferred equation 9  which has been found applicable to all single-phase
AC inductior 10  motors tested is PA = - 0.12 DLY + 70.  Implementation of
this 11   equation permits control of the motor with substantial energy 12
savings.  In the equation, PA and DLY are expressed in units 13 of count.
In the illustrative embodiment of the invention 14   shown herein, 1 count
is equal to 30 microseconds or 0.648 



15 electrical degrees at 60 Hertz. 16 17             Figure 1A discloses
generally how the motor is control- 18   led in accordance with the
equation PA = - 0.12 DLY + 70.  At 19   event N, the motor is energized
using a firing delay Dn.  The 20 phase angle PA[err] is then measured.  The
sum of Sn of the delay Dn 21   and the phase angle PAn is then used as the
address for a computer- 22   generated look-up table.  The contents of that
address PAt (phase 23   angle table) is compared with the previous phase
angle PAn and 24   the result used either to increase or decrease the
delay. 25   Initially, PAn will be greater than PAt and the delay will be
in- 26   creased in accordance with the formula Dn+l = (PAn - PAt)/2 + Dn.
27   This increased delay in energizing the motor results in energy 28
savings. The process is repeated until PAt and PAn are 29   approximately
equal.  If the motor load increases, PAt will 30   exceed PA[err]  Now the
delay will be reduced in accordance with    1   the formula [err]THis
reduced delay in 2   energizing the motor results in more power being
delivered to 3  the motor to handle the increased load and ensures that the
4  motor continues to operate at its designed, constant speed. 6
Table I, set forth on the next page, is a computer 7   generated look-up
table based on the equation PA   - 0.12 DLY + 70 8  The sum of the phase
angle PA and the delay DLY is used as the table entry point for initial
motor control.  The entries in the 10  table are phase angles, i.e., PAt.
Thus, if the sum of PA and DLY is 100 (100 + 0), the phase angle from the
table is 65. 12 If PA + DLY = 106 (100 + 6), PAt = 64.  Similarly, if PA +
DLY 13 193, PAt = 53; whereas if PA + DLY = 194, PAt = 52. The table 14
provides for 256 sum entry points and these 256 entry points 15   are
divided into 16 groups or levels, with 16 entry points in 16   each level.
Thus, sum 0 through 15 form Level 1, sums 16 17   through 32 form Level 2,
etc.  It should be noted that small 18  entry sums indicate high motor
loads whereas large sums 



19  indicate low motor loads.  It should also be noted that the 20  firing
delay is never iess than 1. Thus, in Levels 1 through 21  4 the 100
indicates that a firing delay of 1 is to be 22  maintained. 23 24 25 26 27
28 29    TABlE 1 (PA = - .12 DLY + 70) LEVEL   Sum         +0   +1   +2
+3    +4   +5   +6    +7    +8    +9 1          0     100   100   100   100
100   100   100   100   100   100 10    100   100   100   100   100   100 2
10                                          100   100   100   100 20   100
100   100   100   100   100   100   100   100   100 30   100   100 3    30
100   100   100   100   100   100   100   100 40     100   100   100   100
100   100   100   100 4      40
100   100 50     100   100   100   100   100   100 -100   100   100   100
60    100   100   100   100 5      60                              100
100   100   100   100   100 70     69    69  69   69   69  69   69   68 68
68 6              80    68    68    68    68    67    67    67    67    67
67 90    67    67    66    66    66    66 7      90
66    66    66    65 100    65   65    65    65    65   65    64    64
64    64 110    64    64 8       110                 64    64    63    63-
63    63    63    63 120   i.63    62    62    62    62    62    62    62 



9       120                                                     61    61
130    61    61    61    61    61    61    60    60    60    60 140     60
60    60    59 10       140                              59    59    59
59    59    59 150    58    58  58    58    58    58    58    58    57   57
11    160    57    57    57    57    57    56    56    56    56    56 170
56    56    55   55    55    55 12       170
55    55    55    55 180    54  54      54    54    54    54    54    53
53    53 190    53   53 13       190                 53    53    52    52
52    52    52    52 200    52    52    51    51    51    51   51    51 14
200                                                      51    50 210
'.50    50    50    50    50    50    49    49    49    49 220   49    49
49    49 15       220                              48.  48    48    48
48    48 230    48   48    48    48    48    48    48    48    48    48 16
240    '48    48    48    48    48    48    48    48    48    48 250    48
48    48    48    48.  0    - 8- 1           It will be appreciated that a
different table can be 2  generated by varying the slope from - 0.12 to
some other value 3 such as - 0.18 or by varying the offset from 70 to some
other 4 value such as 68.  A different table could also be generated by 5
varying both the slope and the offset.  For example, applicants 6 have
controlled single-phase AC induction motors based on a 7 table generated in
accordance with the formula PA - - 0.18 DLY 8 + 72. The slope may vary
between about - 0.2 and about - 0.1, 9 while the offset may vary between
about 65 And about 72.  Appli- 10 cants will now show, by means of a
specific example, how the 11 motor is controlled using this type of
equation. 12 13          Initially, the computer determines the existing
phase 



14 angle PA, adds the start-up firing delay of 1 to PA, and uses 15 this
sum to enter the table.  The computer then reads the phase 16 angle in the
table, which corresponds to this table entry sum 17 and calculates a new
firing delay.  If PA[ERR]= 99, then PA[ERR] + DLY[ERR] 18   99 + 1 = 100.
Referring to Table 1, address 100 contains a 19 PA of 65.  Since PA[ERR] is
greater than PAt, the new firing delay 20 is calculated as follows:  new
delay = (PAl - PAt)/2 + old delay 21 = (99 - 65)/2 + 1 = 18.  The new
firing delay of 18 is now 22 implemented and the resulting phase angle is
measured, in this 23 case 95.  The new entry sum is 95 + 18 = 113, which
gives a 24 PAt of 64.  The new delay is (95 - 64)/2 + 18 = 33.  This 25
'process continues and eventually, assuming that the motor load 26 does not
change, a point in the table will be reached where the 27 sum remains
fairly constant, i.e., PAt approximately equals 28 PAn.  If, however, PAt
exceeds PAn, this indicates an increase 29 in motor loading.  The firing
delay is then reduced by the 30 amount 4(PA[err] - PA[err]).  See Fig. 1A.
1            The foregoing motor control technique provides a smooth 2
response to clutched loads without risk of motor stall and without 3
having to respond with full power, which is an inefficient response 4
unless absolutely necessary.  The motor automatically responds to 5  load
changes, in either direction, finding its proper position 6 in the table
for increased energy efficiency.  While this basic 7 approach has been
proven effective in increasing the energy 8 efficiency of all motors
tested, many motors possess the potential 9 ! for even greater energy
savings. This is due to the fact that 10 such motors deviate from the
empirical formula PA = - 0.12 DLY          - 11 + 70: (1) having a slope
other than - 0.12; (2) having an 12 offset other than 70; (3) having the
phase angle and/or delay 13 vary non-linearly with load; or (4) a
combination of the foregoing. 14 In order to optimize the energy-efficiency
of all motors, a 15  further motor control technique has been developed.
This 16  involves "perturbing" the motor operation by introducing an 



17 additional predetermined delay in energizing the motor, observing 18
the behavior of the phase angle for several cycles in response 19 to the
delay, and then controlling the motor based on the nature 20 of the phase
angle response. 21 22            After initial control of the motor has
been accomplished. 23  in accordance with Fig. 1A and Table 1, an
additional firing 24  delay of 20 counts is added to the existing delay.
The effect 25 !of this additional delay on the phase angle is then
determined. 26  This is accomplished by measuring and storing the value of
PA at 27 To (when the 20 count firing delay is added) and at T1, T2, T3, 28
T4 and T5 (the next 5 positive-going zero crossings of motor 29 current).
PA[err] is the phase angle at To[err] PA[err] the phase angle 30  at T1,
etc.    -10-. 1           As shown in Fig. 1B, there are three basic types
of 2 responses to increasing the firing delay by a predetermined 3  amount.
In a Type I response, the phase angle is reduced from 4 PA[err] to PA[err]
and then remains between PA[err] and (PA[err] - PA[err])/3, i.e., 5 it
recovers to less than 1/3 of the difference between PA[err] and PA[err]. 6
In a Type II response, the phase angle is reduced from PA[err] to PA[err] 7
and then recovers to more than 1/3 of the difference between 81 PA[err] and
PA[err]. In a Type III response, the phase angle is 9  initially reduced
from PA[err] to PA[err] and then further decreases 10 to a level of PA[err]
- 2.  In the event of a Type III response, 11 the calibration procedure is
aborted and the computer controls 12 the motor based on the conditions in
effect at time To. In the 13 event of a Type II response, the computer
temporarily classifies 14  the delay at To (the delay in effect before
introducing the 15 additional 20 count delay) as the optimum delay for
maximum 16  energy savings at that load and at those operating conditions
17 (e.g., temperature, supply voltage, etc.).  The computer will, 18
however, repeat the process several times to verify that a Type II 



1  response continues to be obtained.  A Type I response indicates 20 that
it may be possible to obtain additional energy savings. 21 In that event
the computer increments the firing delay and 22 "evaluates the response of
the phase angle until a Type II or 23 Type III response is obtained, i.e.,
until operating energy 24  efficiency has been maximized. 25 26
Referring again to Table 1, the calibration process 27  for optimizing
energy efficiency is generally conducted at 28 Levels 6 - 13. For
convenience Table 1, which has an offset 29  of 70, is referred to as a "70
Table."  Experimentation to date 30  has shown that all single-phase AC
induction motors tested will    1   operate satisfactorily, at all  loads,
using the 70 Table.  Motors 2 that produce a Type I response, which
indicates that additional 3  energy savings may be possible, are assigned
smaller phase angles 4  corresponding to their look-up table entry sums.
This is done, 5  each time there is a Type I response, by decrementing the
offset. 6  In other words, when a Type I response is obtained the equation
7 is changed from PA = - 0.12 DLY + 70 to PA =-0.12 DLY + 69. 9
For example, assuming that the motor is operating at a 10  look-up table
entry sum of 140, this corresponds to a PA[err] of 60. 11 If a Type I
response is obtained, a new calculation is made based 12 on the equation PA
= - 0.12 DLY + 69.  This yields a PAt of 59 13 for a look-up table entry
sum of 140.  If another Type I response 14 is obtained, a new calculation
is made based on the equation 15 PA = - 0.12 DLY + 68.  This yields a PAt
of 58 for a look-up 16 table entry sum of 140.  The effectof this
procedure, for a 17  constant look-up table entry sum, is to increase the
firing delay 18 and reduce the power delivered to the motor, thereby
increasing 19 energy savings.  This procedure is repeated until a Type II
20 response is obtained, indicating that energy savings have been 21
maximized.  In the illustrative embodiment of the invention.dis- 22  closed
herein, the minimum allowable offset (maximum energy 



23  savings point) has been limited to 60. A Type III response 24
indicates either that the motor load is increasing or that 25 maximum
energy savings have been obtained.  In either case, 26 further calibration
is halted until stable operation resumes. 27 28            Referring to
Table I, the calibration process for 29 maximizing operating energy
efficiency is limited to Levels 30 6 - 13.  It is possible that some
motors, in certain applications,    - 12 - 1  will operate at one constant
load point, thus limiting calibration 2  to a look-up table entry sum
corresponding to that load point. 3  Even with a constant load, however,
fluctuations in supply 4  voltage, operating temperature, motor friction,
etc. will cause 5 the table entry sums to vary somewhat, thus creating the
likeli- 6  hood a motor varying from one level to another.  When this 7
occurs experimentation has shown that when the offsets between 8  adjacent
levels differ by more than 5, and the motor is 9  oscillating between such
levels, a discernable "bump" is 10 produced which could be disconcerting to
the user. Accordingly, 11  applicants have devised the following technique
for adjusting 12 the offsets of adjacent levels so that they never differ
by 13 more than 3. 14 15             Returning to the preceding example,
the table entry 16 sum was 140. This corresponds to Level 9 in Table 1.
When 17 the calibration procedure is commenced and a Type I response is 18
obtained, the computer changes the offset for Level 9 to 69. 19 None of the
other levels is affected.  If another Type I 20  response is now obtained,
the Level 9 offset is dropped to 68. 21  This continues until one half the
difference between the 22  offsets of adjacent levels is equal to or
exceeds 3. When 23  that occurs, one half the difference is applied to the
adjacent 24  level, differences being rounded up.  In the foregoing
example, 



25  the first adjustment of adjacent levels occurs when the offset 26  for
Level 9 reaches 65.  Then 70 - 65 = 2.5, which is rounded up 27  to 3.  At
this point, Levels 8 and 10 are assigned offsets of 67. 28  When the offset
for Level 9 reaches 62, the offsets for Levels 29  8 and 10 are adjusted to
64. Since Levels 7 and ll now differ 30  from Levels 8 and 10 by more than
the permitted amount, the    1   offsets for Levels 7 and 11 are adjusted
to 67.  The offset for 2  Level 9 can now go down to 60 (the lowest
permitted in this 3  illustrative embodiment of the invention), without
necessitating 4   any further adjustments of the offsets of the adjacent
levels. 5 6             If the motor continues to operate at Level 9, no
other 7  calibration attempt will occur.  If, however, the motor load 8
changes, causing entry to another level, the computer will 9  compare the
new offset with 60 (the previous offset) and will 10  permit a sufficient
number of calibration steps to occur so 11  that an offset of 60 could be
reached. For example, if the 12  motor shifts to Level 7, which has an
offset of 67, the 13   computer will permit 7 calibration attempts to be
executed. 14  Levels 1 through 4 never deviate from a maximum firing delay
15  of 1 while Levels 5, 14, 15 and 16 are never calibrated.  They 16 are,
however, allowed to. have their offsets adjusted based 17  on the
calibration of an adjacent level. 18 19            Fig. 2 discloses one
motor control system which may 20  be used to implement the present
invention.  Fig. 2 of the 21 instant application is the same as Fig. 2 of
U. S. Patent 22  No. 4,361,792 and the description of Fig. 2 is
incorporated 23  herein by reference. The present invention has been
employed 24 to control single-phase AC induction motors using the system 25
shown in Fig. 2.  A suitable computer program for practicing 26 the present
invention with the system shown in Fig. 2 is 27  included at the end of the
instant specification. 



28 29             While the present invention has been described in 30
terms of its application to single-phase AC induction motors,    14 1 it
may also be applied to 3-phase induction motors. For a 2 description of a
3-phase digital motor control system see 3 Column 6, lines 25-38 of U. S.
Patent No. 4,361,792, which is 4 incorporated herein by reference. Based on
more limited 5 experimentation applicants have discovered that 3-phase AC
6. induction motors also experience changes in phase angle and 7  firing
delay as a function of changes in motor load which vary 8 in a
characteristic manner and may be approximated by the 9  expression y = mx +
b.  Again y is the phase angle, m is the 10 slope, x is the firing delay
and b is the offset. Unlike the 11  case of single-phase AC induction
motors, with a 3-phase AC 12  induction motor m is positive.  A preferred
equation for 13  controlling 3-phase AC induction motors is PA = + 0.62 DLY
+ 24. With 3-phase AC induction motors the slope may vary from 15. 0.5 to
0.7, while the offset may vary from 10 to 30. 16 17            It will be
appreciated by those skilled in the art that 18  the present invention is
not limited to the specific illustrative 19 embodiment disclosed herein.
Thus, while applicants have 20  disclosed that for single-phase AC
induction motors value for m 21 can be selected between - 0.1 and - 0.2 and
values for b can 22  be selected between 65 and 72,. values can also be
selected 23 outside these ranges and still successfully control many
motors: 24 Similarly, while applicants have disclosed that for -3-phase AC
25 induction motors values for m can be selected between 0.5 and 0.7 26 and
values for b can be selected between 10 and 30, values can 27 also be
selected outside these ranges and still successfully 28  control many
motors.  Other modifications and improvements within the scope of the
present invention will also be apparent 



to persons skilled in the art.  For example, the present    ) 1 invention
may be implemented without using a programmed digital 2 computer. 3 4ij
Fig. 3 of the present application discloses such a 5 motor control system.
In Fig. 3 Q1 through Q15 are FET 6:: transistors which conduct when a
positive voltage is applied 7 to their gates, while Q16 is a triac such as
a Teccor Q4025V5 and i 811 Q17 is a diode bridge. The components designated
Ul - U6, 9 U8 - U12, U14 - U16, U20, U21, U26, U27, U28 - U30, U38 -U3 9
U8-   U12,U14-U16,U20,U21,U26,U27,U28,-U30,U38,-U39, 10  U41 - U44, U60,
U64, U72, U73 and U78 are operational amplifiers. 11 U13, U31 - U33, U48,
U53, U65 and U79 are inverters, while U56 12  is a non-inverting amplifier.
U17, U22, U24, U25, U35, U36, 13  U46, U47, U49, U66, U68, U71, U74 and U80
are AND gates, while 14 U50, U52, U61 and U69 are OR gates.  U45 is a NOR
gate.  U54, 15  U55, U57 - U59, U75 and U81 are CMOS Schmidt trigger
amplifiers. 16 U18, U51, U67 and U70 are latches, with U67 configured to 17
divide by two.  U19, U23, U37 and U62 are counters, U62 being 18  an
up/down binary counter.  U63 is a four-line decoder which 19  performs a
D/A conversion based on the output from  U62.  U76 is 20  a buffer
amplifier, such as a TI 7406, and U77 may be a Monsanto 21  6200 IC chip
comprising a pair of optically coupled SCRs connected 22  as a triac. A
brief description of the operation of the motor 23 'control system of Fig.
3 is set forth below. 24 25            U64 is connected to the line voltage
and develops a 26  squared-up voltage waveform.  Q17 and U78 develop a
square 27  waveform which is positive when Q16 is off.  U66 produces a 28
positive pulse which is synchronized with the line voltage. 29  The output
from U66 is used to derive two system timing 30 signals. The first is
produced by U53. The second is produced 



-16- 5  by U54 and U55 and follows closely in time the output of U53. 2
Two additional timing signals are derived from the output from 3 U64.  One
is produced by U56, U57 and U81 while the other is 4  produced by U58 and
U59 and follows closely in time the output 5  of U57.  The timing for the
sample-and-hold circuits Qll/U26 6  and Q12/U27 is provided by U13 and U22
- U25.  Finally, U35, 7  U36 and U37 control the gating of the various
types of responses 8   (Type I, Type II or Type III) when the motor
operation is 9  perturbed to maximize operating efficiency.- 10: 11
Converting the phase angle pulse width to a voltage 12  is performed by Q1,
Q9 and U1.  The output of Ul is PAn which 13  is supplied, inter alia, to
the sample-and-hold circuits.  The 14  "delay" pulse width is converted to
a voltage by Q2, Q10 and U2. 15  U3 and U4 take the output of U2 and
multiply it by "m" and add 16  "b" respectively.  The output of U4 is
therefore PAt.  U5 17  compares PAn with PAt.  The output of U5 is positive
when PAn 18  is greater than PAt and negative when PAt is greater than PAn.
19 U5 controls whether the firing delay is increased or decreased. 20  When
the output of U5 is positive, Q3 is enabled and Q13 is 21  disabled and U6
and U8 perform the operation (PAn - PAt)/2 + Dn. 22  When the output of U5
is negative, Q3 is disabled and Q13 is 23  enabled and U28, U29 and U30
perform the operation 24.: Dn - 4(PAt - PAn) 25 26            The
combination of U14, U15 and U16 function as a 27 zero error detector, i.e.,
they determine when PAn equals PAt. 28  When the output of both U16 and U15
are positive, the 29  perturbation sequence is initiated.   The
perturbation sequencing 30  circuitry is formed by U17, U18, U19, U50, U51,
U20, U21, U32,   



-17- Q4 and Q5.  U18 functions as a "perturbation in progress" latch. 2
U19 keeps track of the number of perturbations that have been 3  initiated.
U38 and U39 perform the operation [ERR] 4  U41 compares the output of U40
with PAn.  If PAn is greater than 511 [ERR] plus (PAo - PA1)/3, then the
output of U41 is positive and 6 indicates a Type II response.  U43 and U42
perform the operation 7 [ERR]- 2 and U44 compares this with PAn.  If PAn is
greater than 8 ! [ERR] - 2, then the output of U44 is positive and
indicates a 9 Type III response.  The outputs of U41 and U44 are supplied
to 10  NOR gate U45 which produces a positive output indicative of a 11
Type I response in the absence of both a Type II and a Type III 12
response. 13 The gating of the various responses is controlled by 15
U46, U47, U49 and U68.  Type I and Type II responses are gated 16  by U49
and U68 respectively.  A Type III response which occurs 17  during the
first perturbation is gated by U47 while one that 18  occurs in a
subsequent perturbation is gated by U46.  An output 19   from either U46 or
U47 will.produce an output from U52 which 20   will reset the "perturbation
in progress" latch U18 via OR 21    gate U69.  When U49 indicates a Type I
response, this causes 22  counter U62 to decrement the offset. 23 24
The delay timing for controlling the delay. in firing 25  the triac
comprises U9, U10, Ul1, U12, U33, Q6, Q7, Q8, Q14 26  and Q15.  U10 and U12
are ramp generators which produce the 27  same fixed ramp starting when the
triac current goes to zero 28 during each half cycle of the line voltage.
Ull compares these 29 ramps with the new delay in U9. The output of Ul1
goes 30 positive at the end of the new delay. The output from Ull is    I
buffered by U76 and fires triac Q16 via trigger U77.  U72, U73 



2  and U75 determine when a change in line voltage or motor loading 3 is
great enough to merit a new perturbation sequence, and initiate 41 same. 5
6            As already noted, this and other circuitry for 7  implementing
applicants.' invention will be apparent to persons 8  skilled in the art.
Applicants' invention is defined by the 9  claims which follow. 10 11 12 13
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29    -19- [ERR] ISIS-I  MCS
-48/UPI-4I MACRO  ASSEMBLIER,V3.0 -FULLY AUTOMATIC-SINGLE - PHASE
DIGITAL-MOTOR- CONTROLLER V,M-9,5 LOC  OBJ          LINE         SOURCE
STATEMENT I TITLE 'FULLY AUTOMATIC SINGLE-PHASE DIGITAL MOTOR CONTROLLER
V.M-9.5 I 



2 SINCLUDE(:FO:CPISTD.BO1) 3 EJECt- . .    -20 [ERR] 1980, 1981     1982,
1983 CHESERROUOH-POND'S  INC =10'                 ALL-RIGHTS RESERVED
--NO-PART OF THISPROGRAM MAY =11 '  BE REPRODUCED;  TRANSMITTED
TRANSCRIBED, STORED -  12                   IN A  RETRIEVAL . SYSTEM. OR.
TRANSLATED  INTO ANY           * -  = -13              LANGUAGE OR
-COMPUTER   LANGUAGE,  IN ANY FORMOR BY              *-BY -  14  ANY
MEANS. . ELECTRONIC   MECHANICAL.  MAGNETIC.                    * =
15      OPTICAL   CHEMICAL.  MANUAL OR OTHERWISE. WITHOUT         * =16
THE-EXPRESS---WRITTEN---PERMISSIONOF CHESEBROUOH-POND'SINC  33 BENEDICT
PLACE 21 EJECT    -21- ISIS-II  MCS-48/UPI-41 MACRO ASSMBLER, V3.O   .
.PAGE 3 FULLY AUTOMATIC,SINGLE-PHASE DIGITAL.MOTOR CONTROLLER V. M-9. 5 LOC
OBJ         LINE       . SOURCE STATEMENT 23 FFFF               24 TRUE.
EGU      OFFFFH                  .        . 0000               25 FALSE
EGU      ooooH 26 FFFF               27 DEMO    EOU     TRUE 0000
28  DEBUG EGU-   FALSE 30 EJECT:    



22- ISIS-II MCS-48/UPI-4I MACRO  ASSEMBLER. V3. 0          PAGE   4 FULLY
AUTOMATIC SINGLE-PHAsE DIGITAL MOTOR CONTROLLER V. M=9. 5 LOC  DBJ
LINE        SOURCE STATEMENT 32 33   FOR REFERENCE PURPOSES THE PROTOTYPE
CONTROLLER HAS 34            A DIP SWITCH ON THE BUS PORT, THE FOLLOWING
DIAGRAM 35                DEFINES THE LOGIC OF THE SWITCHES: 38
F-T        BIT      TRUE'FALSE 39 41               7      - I      6
UNUSED 42                    UNUSED UNUSED- 44
UNUSED 46                                  OFFSETS USED OFFSETS  DISABLED
47                                0       START          STOP SWITCH
DEPRESSED  IN T COLUMN          ISIS-It MCS-48/UPI-41 MACRO ASSEMBLER, V3.0
PAGE 7 FULLY AUTOMATIC  SINGLE-PHASE DIGITAL MOTOR CONTROLLER V."M=7=3 LOC
OBJ         LINE        SOURCE STATEMENT 114 114       P R O G R A M  E Q U
A T E S: 0038              116 IP2    EQU    00111000B
sINITIAL PORT 2 STATE 0OF7              117 TROFF . EGU     11110111B
sTURN OFF THYRISTOR - 0008    - ---      118  TRON - -EQU.
-THYRISTOR-- OOD6              119 MAXWT.  EQU  214
MAX WAIT COUNT FOR CURRENT ZERO CROSS OO1E.             120 HLDOFF  EQU
30                 'HOLD OFF FOR DECREASING LOAD RESPONSE 



0005             121 VLTDBN  EGU             -- VOLTAGE-ZERO CROSSING
DEBOUNCE LOOP  - OOOA              122 MAXOFS  EGU     10
MAXIMUM OFFSET ALLOWED FFF6              123 OFSLIM ; .EU    -10
MAXIMUM OFFSET ALLOWED. USE -N -003C    -----124 INTVLC-- NUMBER OF
CALIBRATlON CYCLES NUMBER,.OF  ELEMENTS TO SMOOTH 128 129 132 -
133- 0020               134 BEGRAM   EGU .   20H                  EOINNINO
OF USABLE RAM ADDRESS 135 145. THE  ADDRESSES OF CALLIM AND SMSTAND
MUST BE EXACTLY 146 16 APART THE CODE ASSURES THIS 0024           149
CALLIM- EGU    24H                      SAVE AREA FOR CAL UP LIMITS.  -
002F              149 OFFPT    EQU   2FH     CURRENT OFFSET POINT IN THER
SUMTAB OFFTAB  EGU 30H---r........r---.:    OFFBET--TABLE-32- NIBBLEB-CI
OFF 0034                   151  ADDRESS TO  START SMOOTHING 003F
152              -  3FH                    -        END OF RAM MEMORY
ADDRESS 154 159 160 RBO:                              . 161        RO-INDEX
162          1-CYCLE   COUNT 163     -
R2-CALIBRATE 164    -     R3-PHASE ANGLE COUNT 165         4-DELAY COUNT-
SAVE ---  -   . 166        R5-OPTIMUM PHASE ANGLE 167  . *   R6-DAMPENING
COUNTER 170   RO-SMOOTHIN POINTER                      - 172 s      R2-EDGE
MACRO 173       R3-EDGE MACRO/SMOOTHING 174       R4-SMOOTHING    .    



. - 26- S-II  MCS-48/UPI-41  MACRO  ASSEMBLER.  V3.0                      .
PAGE B FULLY   DIGITAL MOTOR CONTROLLER V.M-9.5 LOC  OBJ
LINE             SOURCE STATEMENT 176       R6 177               R7- 180
EJECT    -27- FULLY AUTOMATIC SINGLE-PHASE DIGITAL MOTOR CONTROLLER V.M=9.5
LOC  OBJ         LINE        SOURCE STATEMENT 183             L  O W   E.M
O R Y  V E C T  O  R S 186 0000                   187-  -
PROGRAM -START-ON-  EXTRERNAL_RESET 0000 042F         188        INIT
START UP VECTOR 0002 6D             189                        .    FILLER
0003 4483'                               190 EXTI  EXTERNAL  INTERRUPT
VECTOR 0005 6A            191        -DB      06AH.057H
FORCES CHECKSUM 0006 57 0007   4482 - 1941 196 i     C OP. Y R I G H T   NO
T.I C E 197 0011  20203139 OO15 38332043 0025  4F4E4460 200    FULLY
AUTOMATIC SINGLE-PHASE DIGITAL MOTOR CONTROLLER V. LOC  OBJ       LINE
SOURCE STATEMENT 202 



204          P R O G RAM   I N I TI ALIA TION - 206 207 0002F CS
209 0030 2300        210            aSET A TO.ZERO. 0032 90 -
211                                    SET--BUS  PORTT OR HI Z *  0033 08
213     INS-         A.BUS                  .. CHECK SWITCHES ON BUS PORT
- 0034 37           214                 A                       .MAKE FALSE
A l 0035  128D   215        MSTOP               STOP MOTOR '0037 233   :
220A 0039 3A           221        OUTL  P2.A        .           .
EXECUTE 003A 85                  222 ---            CLR -FO---        THIRD
CALIBRATION-PHASE'.NOT. 0039 AS           223        CLR.    Fl  SECOND
CALIBRATION PHASE . NOT. 003C 27      -    224        CLR   A    CLEAR
REGISTERS AND .COUNTERS 003D AA -          225   - - 003E AB         26
ZERO  INITIAL PHASE ANGLE COUNT 003F BCO1 227             SET    INITIAL
DELAY COUNT TO 1 0041 BD1E           228          MOV    R5,IS USED DURING
STARTUP-A8 I A DELAY COUNT FOR THE TIME-OUT 230
DURINO THE RUN:PHASE IT CONTAINS 23 1   MEASURED PHASE ANGLE 233
OF CYCLES TO HOLD OFF  THE IMPOSITION --   234 BEINO UNLOADED. -.THIB
PREVENTS 236                         OSCILLATION.' 0045 BF3C        237
R7                          SET CALIBRATION INTERVAL 0047 B820         241
MOV    RO, BEGRAM        .       BEGINNING RAM.ADDRESS 0049 B91F        242
.  MOV      R1  ENDRAM-BEORAM  :    LENGTH 0048 BOOO          244
ZERO   BYTE 0040 18 004E E948--
INDEX 247 248 a            .. INITIALIZE THE OFFSET' TABLE 250      SET'THE
UPPER NIBBLE  TO  THE NUMBER OF.CALIBRATES 251.            ALLOWED FOR THE
PARTICULAR RANGE --252       -  --SET  THE- LWER- NIBBLE-AT-AN OFFSET OF-
ZERO  - -   -          - 



253 0050 9830         254         MOV     RO OFFTAB              0FFSET
TABLE ADDRESS 0052 3000  255       -MOV----- 0054 18           '. .256
INC .   RO                . 0055 3000      257           MOV    RO.#000H -
0057 18          .258        INC    RO                     1+1 0058  Booo
259         MOV     ER0 #000H                 -3 005A 18           260
INC     RO                      1+1 -  005B BOOO         261         MOV
eRO.*OOOH                =4    -29- * ISIS - II MCS-48/UP I -41 MACRO
ASSEMBLER V3.0    PAGE 11 FULLY 'AUTOMATIC SINGLE-PHASE.  DIGITAL,MOTOR
CONTROLLER V. M-9.5 LOC  OBJ        LINE        -SOURCS TATEMENT 005D 18
262-- -  INC.   RO----- OO5E 3000 .  263           [ERR] .  0060 18
2 '264               8-        .             *t: -  0061 B0AO ----  - 265
MOV  -  -R0. MAXOFS - SHL 4- - -                  - 0063 I          .266
INC    RO                        * 0064 B0AO           267       MOV
RO.  MAXOFS SHL 4     -7 0066 18          268            INC       RO 0067
BOAO         269             MOV 0069 IS   270 [ERR] 006D BOAO       - 273
NOV      RO. MAXOFS SHL 4       -10 006F 18             274- -
INC-RO-------            4 0070 B0A0 .       275' 0072 18           276
i   INC    O  .   -       RO       1+1    . 0073 BOAO  -- - -277 - MOV
12 -'                               -- 0075 18           278    .   INC
RO . 0076 BOAO         279        MOV    ; R0  MAXOFS SHL 4          .-13
-0078 18-280-  -      INC t    RO 007 19   .        C .. .282 



007B 18         282                      INC RO 007F BOAO         265.
MOV      RO.* MAXOFS SHL 4      s-16 UP THE SPEED    - T HE 10       WAIT
TIE 'IS  ARBITRARY AND 290 290 291 WAIT: . 0083 EBSI       293
[ERR] 00 OOB5 ED81-  X  ; 294 ; .,.- VSD4NZ -. RI WAS S             &
SECONDS X       . [ERR]      - 0088 BF00         296           MOV . OOOA
C5          297 0089 049B.   . 313  PHASE                             ..
00 Td MAIN LOOP 315                 THIS ROUTINE STOPS THE MOTOR AND WAITS
FOR THE START/STOP 316               SWITCH TO 00 TRUE THEN IT STARTS UP
WITH INITIALIZATION. -    IN SOME APPLICATIONS-THIS-MAY- BE-AN-IMPORTANT-
FEATURE  -     - .   319 MSTOP     .                                      .
OOD 9AF7- -- -   320        ANL       P2  TROFF    -   - TURN OFF THE
THYRISTOR 321.  MSTOP1 OOBF 08           322         INS     A.BUS
LOAD THE SWITCHES INIT ----IF SW IB-TRUE-THEN-GO-START MOTOR -- 0092 048F i
324         .   JMP    MSTOPI                   WAIT HERE 325 326
..  THIS ROUTINE FORCES THE THYRISTOR ON UNTIL THE FULLON SWITCH 327
IS TRUE 328 329 FULLP:    -30- ISIS-II MCS -48/UP I -41 MACRO ASSEMBLIER
V3.0 FULLY AUTOMATIVC  SINGLE-PHASE     DIGITAL MOTOR CONTROLLER V       M
=9.5 LOC  OBJ             LINE        SOURCE STATEMENT -0097 322F
333              If SWlTCH TRUE -THEN STARt OVER 0099 0496           334
JMP       FULLP1                         WAIT HERE 335 



MCS-48/UPI-41 MACRO ASSEMBLER, V3.0           PAGE 13 FULLY
MOTOR CONTROLLER  V.M=9.5 LDC OBJ            LINE         S OURCE STATEMENT
342 344  THE MAIN-PROGRAM LOOP STARTS-HERE, CONTROL  PASSES THRU THIS 345
POINT EVERY HALF CYCLE OF THE LINE VOLTAGE 346 347  PHASE             --
0098 08         349      INS    A BUB        LOAD THE SWITCHES 009C 37
350       CPL                            FORCE FALSE-1
..FORCE FALSE- IF- START/STOP -SW-FALBE STOP MOTOR --- 009F 3294        352
81    FULLP                      IF FULL POWER SW FALSE FULL.POWER O0A1 D5
354         SEL    R B1                    USE RB1 FOR DEBOUNCE 356
DEBOUNCI OF THE VOLTAGE ZERO-CROSSING   ELIMINATES
NOISE-GENERATED-ERRONEOUS PHASE ANGLE-MEASWMENTS  IT 359       ALSO 'HAS
THE EFFECT OF SKEWING THE PHASE ANGLE MEASUREMENTS 360       THIS SKEWING
IS ACCOUNTED FOR IN THE CONTROL ALGOTIHMS 00A4 OA          363 ,        INM
-.r, CHECK VOLTAGE tEVEhd-                             i. I, OOA5 DF-
364                                    ' OPPOSITE OFLAST LEVEL 0OA6 929B
365           JB4  PHASE                    NO  KEEP LOOKING 0OA8 EAA4 369
372                . 'NOW WE HAVE THE VOLTAGE ZEROCROSSING SO WE START THE
OOAE 27          377      CLR       A                      CLEAR PHASE
ANGLE COUNT OOAF 62          378      - MOV    T.A                 CLEAR
PHASE ANGLE COUNT 00 BO-45---         379              NT LOOKING- FOR
-THE- URRENT CROSSING- 383  -                                   FOR
APPROXIMATELY 25OUS 00S 2400        384    .   JMP    WAITP
JUMP ACROSS PAGE BOUNDARY   . FORCE TO NEW PAGE :
. 388 -- ---100H 399+1      FILL   MACRO  V. M- 0 



0100 00          468+        DB      0    *                MEMORY FILLED TO
THIS POINT WITH OOH 010  -------  -469 . NOW A THE PROGRAM ENTERS A FIXED
WAIT BEFORE THE CURRENT ----      SAMPLED.  THIS IS IN EFFECT A WINDOWING
TO SAMPLE FOR 473               THE CURRENT ZERO CROSSING ONLY AT
APPROPIATE TIMES. 474 475 WAITP:    -32- ISIS -II  MCS--48/UPI-41 MACRO
ASSEMBLER.  V3. 0       PAGE   14 , FULLY AUTOMAT IC SINGLE-PHASE.DIGITAL
MOTOR CONTROLLER V: M-. 5- LOC  OBJ         LINE       SOURCE STATEMENT
iTHE MAXIMUM WAIT FOR A ZERO CROSSING IS ALSOSET IF IT DOES'NT OCCUR 479 a.
I  --.m.IN APPROXIMATELY 3M9 WE ADORT AND 4S80
.     CONTINUE WITH'A DELAY OF 1 -.-'--     - ~482 a
----rrrN~OKFRTHE--CURREN?'IEROt-ROSSING'tUT"'THIS- WILL- NOT-GO0O FOREVERI
thE VALUE   OF. MAXHT DETERMINED THE LONGEST TIME TO ,CONTINUE LOOKING.  IF
tHE MAXWT. PER IOD IS EXCEEDED THEN 495             -GUIT--LOOKIN-AND EXIT
486 487 WAITC: CHECK-FOR ZERO-CROSS-OF-- CURRENT 0105 37
490 0106 212       491        CUROX 0108 E904491    DJNZ     Rl WAITC
NO,KEEP  LOOKING 495 496       .. NO CURRENT ZERO CROSSING IN THE ALLOTED
TIME 90 497 THE THYRISTOR ON AND EXIT 499DELO
'  ZERO  DELAY PROCEDURE 010A 23O1  503 [ERR] 0110 049B     507       JMP
PHASE 



511 CUROX: O112 65- 516        NOW WE HAVE THE PHASE ANGLE BO BEGIN THE
DELAY COUNTDOWN 517 -  0115 FC-
D THE -CURRENT DELAY  I NTO 520       NEO    MACRO   V. M=l:0 0116 37
521                                                MAKE VALUE IN REG A 523
OV    TA                    AND START THE TIMER ALL CHANGES IN THE
APPLICATION OF THE PHASE ANGLE AND 527                        DELAY  OCCUR
ON THE POSITIVE HALF CYCLE, THIS AVOIDS 528               PROBLEMS
ASSOCIATED WITH THE ASSYMETRY OF THE WAVEFORMS 529 011A        530       IN
-  A,P2                              LOOK  AT THE VOLTAGE 011B 37
531            CPL   A                        SEE IF POS. HALF CYCLE DELAY
DELAY AND FILE THYRISTOR/SCR -   01   CAL3      TEST FOR READY--TO DO 3RD
CAL SECTION 534             JF1    CAL2                      TEST FOR READY
TO DO 2ND CAL SECTION 535                                        NOW CHECK
IF INTERVAL HAS LAPSED TO 536       a TRY FOR FIRST CAL    - 33 - ISIS-lI
MCS-48/UPI-41 MACRO ASSEMBLER. V3  0             PAGE'  15 fULLY
AUTOMATIC',SINGLE-PHASE DIGITAL MOTOR CONTROLLER V. M-9.5 LOC  OBJ
LINE        SOURCE STATEMENT ---0122 EF3E       537    - DJNZ - R7DELAY.'-
-----IF RB0 R7  INTERVAL) IS ZERO.THEN-- - 538
CHECK FOR FIRST CAL ELSE JUST 00 539
WAIT FOR DELAY AND FIRE THYRISTOR/SCR -  0124 BF3C        540         NOV
R7,#INTVLC               RESET INTERVAL IN CASE WE EXIT FOR 541
ZERO COUNT 0126 FB           542        MOV    A.R3
CALC CURRENT SU 0127 6C  543---, ADDING-RBO  R3-(PHASE--ANGLE)-- 544
a RBO:R4 (DELAY) 0128 53FO      '545         ANL    A #OFOH       DIVIDE
SUM  BY 16 TO POINT TO 



-- 012A 47 -         546          SWAP    A   -                     PROPER
CALIBRATE  TABLE          - 012B 0330         547         ADD    A.#OFFTAB
NOW A  OFFFTAB(SUM/16) 012D B82F         548          MOV    RO.#OFFPT
SAVE CURRENT POINT FOR CALIBRATE 012F AO             549       MOV-- -- #RO
A 0130 AS         550               MOV   RO A  AADRESS OF OFFSET TABEL
0131 F0        551                              GET COUNT OFFSET 0132 47
SUAP'   -A -          AT- COUNT 0133 530F         553       ANL    A*OFH
0135 C63E         554        JZ      DELAY                 F COUNT -ZERO
THEN DO NOT TRY TO CALIBRATE- ANV-  FURTHER 0.137 F0           556 .
A    RO                    OTHERWISE .0138 47 0139 07-DEC -          558
--DEC      A                      ATTEMPTING TO CAL 013A 47            559
SWAP   A            AND SAVE IN   OFFET TABLE 0138 AO           560
MOV     RO A 013C      24EE 561 PROCESSING--8 DONE SO WAIT HERE FOR -  . -
564            TIER TO - LAPSEAND EIRE THE -THYRISTOR 565 DELAY 013E 1642
-566       JTF    FIRE                    DELAY DONE. YES 140 24E- .0142
SAO         569          ORL        T                     FIRE THYRISTOR
0144 65         --a- 70 --L    TOP---TCNT -- - -   STOP -THE TIMER 0145 OA
571        IN     A.P2              -       CHECK PO HALF CYCLE 0146 9250 -
572       -J84    DISPA                     IF POSITIVE HALF CYCLE 573
THEN-GO IMPLEMENT-TABLE------- 574           ,                   ELSE CHECK
FOR. CAL. PHASE'S 0148 B64E   '   575           F                PH
'i IF CAL ACTIVE THEN DO NOT 01 4A  764E              576           JMPPHS
SMOOTH---    - - 014C 2493         577           JMP:    SMOOTH
ELSE SMOOTH 578 .EXTRA JUMPS-GO.JUMP-PAST- PAGE --BOUNDARY 581 JMPPHS -014E
-0498       PHASE          ACK AND WAIT FOR VOLTAOE 583 584          ... AT
THIS POINT IT IS THE POSITIVE HALF CYCLE AND IT 



IS NOT -TIME MTO-CALIBRATE SO THE CURRENT SUM IS.. - ,'   :'   ;     586 1
CHECKED AND IF IT DOES NOT EXCEED THE BOTTOM LIMIT THE PHASE ANGLE IS
COMPARED WITH THE CURRENT 588        TABLE ENTRY AND ADJUSTED IF APPROPIATE
590 DISPA: -  0150 FB           591         MOV    A.R3
CALC THE SUM OF PHASE ANGLE    - 34- ISI8-II MCS.48/UPI-41 MACRO ASSEMBLER
V3.O              PAOE 16 FULLY AUTOMATIC DIGITAL MOTOR  SIGLE PHASE
DIGITAL MOTOR CONTROLLER V.M=9.5 LOC  OBJ      -  LINE        SOURCE
STATEMENT -0151 6C 592-         AND DELAY (LOAD) 0152 AD           593
MOV   R5.A       .. SAVE IN RBO:RS FOR LATER 0153 37    594       CPL
A      IF THE SUM . CT. THAN THE 0 154 17         595     INC  -
PRECALCULATED BOTTOM LIMIT 0155 03E4     596         ADD     A. MINPT
OFFSET TABLE ENTRY 0157 FD           597      MOV    A R5 Ol58 47   598
UNLESS THE OFFSET IS ALREADY 0159  530F   '      599    ANL F66A       600
PHOKI                 sTHE BOTTOM LIMIT HA NOT BEEN EXCEEDED 015D 0330
OTHERWISE DECREMENT THE- OFFSET - - --- 015F AS              602
MOV    RO.A               .         $POINT AT TE APROPIATE OFFSET TABLE
0160 FO           603       t MOV     A.SRO                        'THE
ENT0Y           - -0161 5307F -O4- mr-  cA6o4 -r A? IIOFrIWT
WOFFSET-f-1iSERO-THEM  . '- t 0165. FO -                :     ;:606 e
cm .t O   ELSE DECREMENT BECAUSE THE:TABLE '-.. 01667 AO          607
18" -"-DEA- -" --    .  -t I9-TO0-LOR--- - sc hJ 0167 AO       608
NOV MW   RO. A     .            ;, aREPLACE IN RAM *  0168 246D 0
609         JMP     PHSOK                    $ 0 USE OFFSET 016A 0330.'
- 611 '.  *WD      . FA             -t-.iOS.TiEt CURRET. FOSE TABLE . -  h
,.'. 016C AS -. ''wi>  612   'RBO:RAOA                              T_
...z ui16:A ;  '.- :T A4 613':9F    ~       ~       . .:~C~Q~
___* 016D 5400   ;.  614 .         CALL  . MODOFS.'  '00 MOODIFY CALCULATED
OFFSET 016F E3           615         IMOVPS  A.GA. .A'SUMTABCOFFTA
(WUNM16). r,170 A               6167 -y       ... ..e   A-r
-S.r .  " 



~~ ~~ ~-; 619 -                      .R~
i's-HAS-B~CA8'99ETFtRINGLAEXCTM't- - t -~c r 61W V    '~   THIS S THE.HEART
0P7.-THE#CONTNO  ALGOIH.HR          '' 420.    *PHASE ANGLE AND IT.. IS.
COMPARED TO THE CURRENT PHASE 621 *    F          ANGLE AND THE.CURRENT
DELAY IS MODIFIED ACCORDINGLY.. 0171 37     V  S &l..s e"PL ;A
~                  OPARE COUNKtS  or TIM      UM 017  17               624
DROTHE TABLE--:'QFFSET -0173 65          . 625 '~24ZA~ ARO -
$ZZAiLU4A sy..-OhJTcOt. U:IjTF+I-OFFSET 0174 6B           626        ' ADD
A.R3       .IF THE CURRENT PHASE ANGLE IS 0175 C685         627  .     -JZ
PHASJ                     EQUAL THE OPTIMUM THEN DO NOTHING 40177 F687
628 --              COTG- -                                 --TEN--ADD
-DELAY-. ~~     .  .         .          p1~~~~~~~%.  EL-S DECREASt. DELAY
-'t -  - -  9 ; - 631 a-. '-j~aN.--rHOWEVER-THE-DECREASED DELAY IS-NOT
1NPOSED-IMNED1ATtkY-- *    . 632 1    -        . tT I8 DELAYED TO FORCE
DAMPENING TO PREVENT OSCILLATIONS 6331sm 0179-sBE1ES-. -.e--  634-
--*-MOVr-R6r#HLDGFr               . -. .ELSE-DECREASE-DELAY- - -         _
m  01W 7B     1F: .-. 635  ..   .INC  . R7         .      .      JAND DELAY
NEXT SAMPLE PPRIO t  017C F7    ..J -  636    .   RLC       A    .
IDOUBLE RECOVER ON.LOADING --017D 97  --C---t 637  -  4-OLE
C.-----.-        ------.. 017E F7           638         RLC     A
aDOUBLE AGAIN 017F 6C           639         ADD     A.R4 ehOlSO E6OA------
640   -  -JNP ---- DELO-.----- -------   iTOO MUCH. USE-0 DELAY-
- a:. 0182 C60A         641       5 JZ      DELO               ' 2   0184
AC           642         NOV     R4.A                    .SAVE UPDATED
DELAY ''-:   -- - - - 643 PHASJy -. 0195 049B         644         JMP
PHASE 645 COTO: 0197 97           646       - CLR     C
aDIVIDE DIFF BY 2    -35- : zSI9-kz iCiS-4U1UPI-41 MACRO ASEmNLERh V3.o
PAGE  ,17 I' FULLY AUTOMATIC SINGLE-PHASE DIGITAL MOTOR CONTROLLER V.M-9.,
5 I... :..._..                              .. !'   LOC  OBJ          LINE
' SOURCE STATEMENT                         - !.3  0190 67-           647
RRC.---A---   - 



*  ~ O1S9 C68S  .       648      f JZ       PHAsJ            .        IF
RESULT O THEN OK 019B EES5S        649          DJNZ    R6.PHASJ
I9 IT OK TO UNLOAD 018D BEOl. -1     650          MOV     R6.01           -
iYES 01EF 6C           651          ADD     A.R4
INCREASE DELAY ;~ ' | 0190 AC          652      :nOV       R4. A
*SAVE UPDATED DELAY --019S 049B9-       - -- 653 -   JMP -----PHASE-.---
-----     -----  -- a. *- - --- 6S6 5 657 SEJECT U.   *         .  S    .
. .  .  t      .s    u: j.  - .           .. ' . ~  ~ ~~~                 .
:.   a;          ' '  .' al ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.  .15E
=,..P.... .,. -                              # . .- ,       .r    .r
T.        - -- -       .    -   ....S.-  L         .--  P.4-.
...&         _,          .              -,- s~~~~~~~~-- ' ~i. .
. .~ ~ ~~~~~              . .- ,.* ,:. *a
* .                    .    .   ...  .  -    A- -36- _7_~~7; 4  SIS-U1
MCS-49A1P1-~41 MACRO ASSEMBLER.  s.0 o.  ;   .   iA    ie'   : ;: '' ^^
flLLY AUTOKA.TZCa.,98INGLE-PHASE DIGITAL MOTOR CONTROLLER V. M-9.  -' LOC
094    I   LINE      . SOURCE STATEMENT 7,~-- -     -----i    ,659
l--**'S:*** 6601.    4 . -- '     ' * * i-r ' 661.         0 F-F S E T   S
M O OT tH I NG' 662,S 663 a .  ;........ THIS ROUTINE SMOTHES THE OFFSET
TABLE ACCORDING TO THE 664, - -.--   --FOLLOWINGO ALCOR ITHH:
----------------    ---,----- . ;. ,.,.i:  :. 660'   :  -ii" "' :,'ADJACENT
POINTS FREjADJUSTED SUCH  THAT THE:DIFFERENCWE b .    '    ;.  w.7,666  !,-
'BETWEEN.THEMIS- EQUAL.-TO HALF THE DIFFERENCE IF THE- =t:  -   - '- 667, -
<-';~ :'---a-':--ABSOLUTE- DlFFERENCE--WAS-- GREATER- tHAN--3-  - - -- -
---  - 



668,   . 669 SMOOTH:! 0193 D5           673   B4SEL-RB1                 .
.                     . -     R.         -- - L,0194CB834;;  '   :'675
- RO.OSMSTAD i-   ',        TART ADDRESS FpR SMOOTHINGO *: - ~~~~~~~~~~  -.
--~ ~~AXMU- NM1E0A'                                **.l~M0T.-..-.._
a---0196 BEOA ---''  v 676  *.   .-,MOY-  --6.OSHNUD--- -'-'---
MAXIMUM- NUNuR OF-ELEMENTS TOSMOOTH - , 677 SMI: 0198 FO     ..  678
rMOV.    A.RO    'OFFTAB(I-1) , .W30199  r30F--: H7A1L 679e
- :-; -~~ F ---AP           s-009l4.   -C',...j- A.SK  - . -OF . 019B AB
:. -;'   A680                 IM'PMOV. tR3.A  ;     .  ts iSAVE INR31.A3.M;
.-' .0
'N~~~~~~~~. 19C is     681.~            'N  Rd                 t     11+1
'-~p--          *,-    --.- -019D FO              . 2   -  .E0&92f ;Aj  t2
C          t 0    OPFFTABD(I- C l-'''A -              -' 019E 5UO     ' -
693         AWL                   ANK00001t11   sHASK OFF COUNT O1AO AC
'    684         MOV     R4.A                     iSAVE IN RBI:R4. r--O0A1
PF  -  t----- 695 ----OF-TOV( W-ArR&-1 .-.' .* O                  FTA
3(1-1)wr-- 4. O1A2 C6AA'.:          666 -
- A 41.  SM2' AO-I   FLAG  ER -  -.-            669:    4vnio7___-~ ~
z . :    !6  > oes+ -- e.   NE:~~~~~--- MACRO--S--:Bv -a'---"'
___ _ 01A4.37           689+        C CPL   A -    -  .              MAKE
VALOE IN REGOA * 1A5 17        : 690+-         INC    'A
s TWO'S COMPLIMENT  . 7--01A6 2C---      - 691 ---r--11--r4AOFA4I X 01A7 6C
-.692.-                                        A-t ItOPFTA*1-1-s X 01A9
24AD   0~9   -         4JP *-M                    1   ~'!~~v''  -:6.. *..
_.. . ..   -   --W- ts694 -9M2: 'ft-    --    '_'' - O1AA fC        * 695
NOV:    A.R4            .A-OFFTAD(I) OIAS 97.          696        1CLR
C       ;''SET -DI,  A7        .  - 697- ---      P6--G-C--
.,CA MRY-1-ADO-0F--ZERO--- -   %1~~,.-';en  mis.: I
'---- r~ t. OIAD E6DY.  ., Kbi? 699  .;. , NC      Ss    -
#NEGATIVE DSFPERECE      .    .   .   .4 -OlAF 97  --  -     700
-CLR -- -G -------       ' - )FORCE-CARRY--OFF-------         -    --- Q
1-Oid 67          ' 701        - RRC    A   ,A.  .
A-(OWFTAUtI)-OPFTAB(I-1))/2 0131 1300        - 702        ADDC    A.O
-  ROUNDED r-01B3 ADt :---------,70A-S--     MO, V .AR    ---S.        .
.'-tSAVE A-IN RB1tR5        --               - 0184 O3FD     .   704
ADD.    A.-S                   : .IF A .EQ. .OR.  LT;:: THEN IGNORE $  0136
F68A        {705    .-JC          SM4          .     .    IT IS CT. SO
PROCESS 



.-01B   24E9      - 706   - ---iMP   -SMNXT                         E
L--i-LSEE IGNORE       -- - .707 5M4: OISA CS           708         DEC
RO                       iI-I-l Or-0199 B   --------,-;--709 --  --   --
AtRN--A             - A-OFFTAB(I-1)--                      -- - *    NOIC 6
',   710        'tADD    A.RS             'A-OFFTAB(I-1)+ 711
*                    a((OFFTAB(I-1)-OFFTAB(I-1.) -/2 ~-~-OiftD 340t.
712       -'CALL   'FIXCNT                  aGO FIXUP THE COUNT   - -  018F
2494         713         imP    S9O' )GO START OVER 714: -             -
~    ~ 715      ....... THE OFFSET HAS BEEN ADJUSTED NOW ADJUST THE COUNT
37~~~~ - 37 - FuL.  AuorAic-i~cE-fHeE   arrL MTORCONTROLLER V"91, LOG  ODo
LINE       'SOURCE STATEMENT -.7    ~~716--:t- --.--TO
EGUAL---THE-OF'FSEF-L-IMVT -Cl103-LESS THE-TOTAL-    -------i- *
.~~~~17. FIX~l            -  MOTHD-OFST --              fz~~~~~~71 FIX.
-     -.- OIC1 530F      .720    -   ANL   -A. fl0O0111lB            '
MASK OFF PREVIOUS COUNT 0103 AD.          721    -    O        SA
sUSAVE IN 531: R5 *4   ~~~..:',723+`.( f.!           .  -~s   V.yaq--o t
010437   ~  ~~724+"    tCPL  A                MAKE VALUE IN ;EGA .L--0L10
17  ----:------ 7254---  21'tNC  k--    -             .  - 17
..5+  ... 01C6 030A:        726         ADD     A. SMAXOPS
TOTAL MAXOFFSET - TOTAL OFFSET OlC: 47           727         SWAP  : A
sPUT DIFFERENCE IN UPPER NIBBLE O1C9-53F0--         72-- 8 72L -A -10S
E-SH -ZER O. : OlCB           *-'  - : --- 79  TAD : -A.       - -  :: -
SAUDD.ACK OFFSET - OLCcAO        . 730                      P a
NmA.'0-0rl:l5g'  IN OFFSETU TALE             . - 732 5.         . THE COUNT
FIELD IN THE OFFSET TA18LE IS NOW ER1JAL To  -S -   .  ..._733 s
.DFFRENCE BETWEEN THE TOTAL OFFSET AND THE MAXIMUM --:OC  17-  -  --
t-~-72S  :  -3rtc  ,- --A   --F6  --rri~t.rr ------:-  -   :-W'-CML" -- -.
--      - ..~~~~-        --C 030                NO  PLUG -,:* ADDOFSt
INMAOS  TO:THE MAXLFF9ETABOTLE  NOTFE THT-. :~~~--.~  735 5 +-:io,#. .
.    4  -4~ 



7361 OlCS~~~~3 47472-S SA                 NOW PLQ'-H. -MU: OFFSENC  IN
UPPER~- NIBBE TA Y OtCC AO., .;.:;737 s1; I OA, .......        .
...........    1-:,ffi, TH1SEI -THFSET TH8E -  -  - * '         732
ADDRESSES LESS THAN THE OFFTALAL 739* 'H  OlDO 28  :. \:-;..- 742,  I4.XCH
. ..A.RO      ir tt         TsA AGAIN .IB THE .TOTAL OFFSEJ AND COUNT.
-OIDl 530F          4-- A.OOOOlil-                                     OF0
THE-GO'- '-''---; '' ' OID3 AO          -744      .    Y- '.MOV.    WOA
. '     -  sMAKE CALLIN OID4 28           745         XCHI.  A. RO-
RETURN THE ADDRESS TO THE OFFTAB - OID? k8-    '    7477*CH   r A.RO:-
AND RETUR  I2-Rh1:j   0     - - OlV8 5133   -   748          RET        2'
:  ;# .<2- -,-  I.flRN-  -- '-:- -  -.- -ET ; 750'. a
THE DIFFERENCE WAS NEGATIVE SO CALC WITh THE ABS(DIFF) 751a
' r~~~~~~~~~ -                                               -_-5    M
=Sa7   ....- - ''-   ------- ,.' *-------*- 753         NEG
- *,7S4F/r    M NEC   MACRO  M. -i          -. -5 ..      .   -       .;
OID9 -37         7135'                                       lA---;---a
MAKE VALUE-IN- -A--  -   -- - OIDA 17        - 756+    I.INC       A
s TWo'S COMPLIMENT 01D9 67        , 757        .R NRC    A  .D1VIDE BY 2
;oG IWO          -: 7S5      ----ADD--  . 40-------    - ,
..-ROUND----------------- --1- - - OIDE AD   ;'-''f.759  *       -MOV
RS.A  ., ;   iSAVE IN R51:R5 ,O0DF 0SFD .       . 760    %    ADD     0. 3
.,  IF ARS(DIFFt . Lt. ;OR. .Ea. 3   NORE -0 16E  F6E5        761     ;tiC
- -- 5MW -           ---       ' a ELSE IF  OT. --3 -THEN PROCESS-  - 01E3
24E9       - 762         JMP     SMNXT              *    ; ELSE IGNORE 763
SM6: -r--lES FO ----------- 764 -   - ---MOV -----Amm  -  *   ----
A-OFFTAB(It. _.. .,, $ ,OIE6 6D   ,  . 765         ADD     AR5
i.A'OFFTAB(I-I) * -. - 766     "l                                a
CIOFFTAB(I)-OFFTAB(I-1))/2 -P---01E7 04C0 -I   - 767       --CALL '  FIXCNT
'            sGO FIX THE COUNT 768 SMNXT:- ;  OIE9 EE98         769
DJNZ    R6.9SMI                  ; sIF 1>10 THEN DONE 770 DONE:    a:1
ze---,l   !                                       i {< 



'                                                                   . je
,,  2  0    $; *          I                      I    '. a: IL j ii k   ;
I J    J   S    0                              r I  z    ON' 9 N,   I
I     ' ; -I go;-        .                               I          a J .
J'       '                                   a- 1-'' !1|if~~~~~,    * >
r-S ,*I:i.!                                ;             '-' :   .  ,' ,*
*1.),,,                  *                    .                          :
1"-''         I            ,.        .                                   .;
-39- PI 41 MACRO ASSEMBLER. V3.0           'PAOE. 21 - 4 FULLY AU
SINGLE-PHAsr DpIG IAL MOTOR CONTROLLER V. M9.5   .       -      . LOC OBJ
'LINE       SOtURCE STATEMENT _.         - .._ _ __--_.790 p.
****#**************fl*OS******fl***'**********fl******l** -  *   w  -:;-',
780.     ,     - t- -       ~~~~~. .782         C A L'  1 ) R A T 1 D. N
R O U T I N E 8 783- O1EE 4403         785 CALI: > JHP     CAL1A
IJUMP8 TO PASS PAGE BOUNDARY IF         :- ' .;  787   ..      j. -0
.789-            UFQRCI~~~~-mn.......----. 790, 791      t- FILL    200H
*20COe O.rr9&,,    . .;4t#                9~tir''
o#.lLD.C.hSP  N   ITH OC 0200                         'O '  RO..~40. .z.
912 NODOFOW.SiL...; 2._Z_> 0200 FO           913                   O ', NOV
A SO  L.   . iLOAD LAST OFFSET 0201 530F         914 '        AM'. A. 0OFH
0203 ASB -            9015R M-Y---% SAV-OFFSET- IiOr  - w7.  0205 5209?_<L
n13                    hoat;.  Z; {.O S       tIF TRE TEN 0209 FD    :
922    . T: nov     A.  R                A 1  ADJUST WITH  OFFSET  S -
m. SS    .g  ,,,li2>.- Th1S'I EFIRST tinE W CALIBRATlON. . 527          .
THISROUTINE IS ENTERED TO BEGIN THE CALIBRATION PROCESS 0 F.          .;
SITH929 a    *;rT THE C.URRENT PHASE ANGLE IS SAVED IN R80:R2 FOR THE NEXT 



_.. - -- 83       931 :                                       iE__T *  533
CAL1A:;                                                . . 0209 PB
934                 TINv  AE93  .U         .sAVE  TRIB PA-
-. OUOC00 AA -- =- - - 935 -vr--.  NOV-1313TH  CL . T PH*   A      -IN
-R30FR :----VE-1-2FO-THENEX '7-17=f.. 36. .... CAF.P.  .a '
t &4,V~   A! LGPF' W. 0206FE ASf _h  L. 92,,, 837 **' .>, CIAL2 p..
,_AND .' s--- 020F-35 ..i4.~.SAJ& 39 :s ....P..1~#~~'S TC L2FA    N .L.-  -
.L.. 0210 PC      .'939         . "OV ' A.R4                '      sLOAD
CURRENT DELAYF.' 0211 0314'    .  840          ADD    A620
s AND.ADD 20 ---0013 ACG- - -      841          Dv - -;lO  -R4.A-
--  AND RE9TORE-Td.RBGOR4  -- ------ .0314 44524\1.f-k   842.    , d6p
,i;CAL4     ,NOW 00 DELAY AND FILE k>'  ''43;3 $8 .;* i2L_~ .9- +844
* fJ5 TH2IS THE- SECOND CALIBRATE PHASE           * . 845    . 8 '46
,        THE DELAY HAS EXPIRED AND A NEW PHASE ANGLE HAS BEEN READ. 9r- %--
.., -..-9847 - -   ,-.---.THECURRENT PHASE ANGLE IS SAVED-IN RBOzRS AND
RB0:R6. 848                THEN THECURRENT PHASE ANGLE'18 SUBTRACTED FRO"
THE INITIAL 8 :'    r     : ' .I 49 i  . .  tPHASE ANGLE SAVED JUST BEFORE
THE IMPOSITION OF THE 20 COUNT --    S90 i          -   DELAY. IF THE
CURRENT PHASE ANGLE-IS GREATER THAN THE PREVIOUS 951 a        *     ONE
THEN IT IS ASSUMED THAT THE CURRENT OFFSET (TABLE) IS TOO 852 a
LOW & THE CALIBRATION PROCESS IS TERMINATED -HERE WITH A BRANCH -    853 a
TO THE APPROPIATE ADJUST ROUTINE.    -40- 1I9I9-It MCS-48/UPL-41 MACRO
ASSEMBLER. V3.0            PAGE. 22 tFULLY AUTONAlIC.,SINQLE-PHABE DISITAL
MOTOR CONTROLLER V. M-9.  . EF!7        .  LOC OJ         LINE
.SOURCE STATEMENT ,- ,- ' ---58S4   J    ' -- IF-THE CURRENT-PHASE ANGLE IS
LESS THAN THE PREVIOUS -THEN THE 955                DIFFERENCE I9 DIVIDED
BY 3 AND SAVED IN RBO:R6, THIS VALUE WILL 956 s              BECOME THEA
THRESHOLD WHICH WILL DETERMINE IF THE TABLE -*                   857
H9fULD BE ADJUSTED.- iE: PT-P2+(P1-P2)/3. 95858.'.. S59 CAL2A:  



.--02I6 AS -:  -, - 960 ---CLR-- -,F--- --   - --. -D-ATHTHE- FLAO TO FORCE
-CAL3---3 -:-- - 0217 95       0  *61  -.'CPL   'FO               '
s.ET 3RD CAL SECTION .0218 FS          962   .     NrOV   A.R3
' LOAD CURRENT PHASE ANGLE 0219 AD     -  -863   * Mm           R5.RA-
.ALSO SAVE INP-BO:i                        -   - 021A AE          864
MOV    R6.A           *AND RBO:R6    I 0219 37          865         CPL
A                       *SUBTRACT PREVIOUS 0U1C 17   *.-. -866 *--i-
INC--S--A---.,-.,-..--.- ----'-FRQM-CURRENT,--...-..-. .\O2lD 6A   '
,867        i.ADD  'ARi  AND-.CHECK -FOR CURRENT .OT. PREV Xv 021E E666.
868  "    j dNC    TOOLO. ,sIF SO THENTHIS POINT IS TOO LOW 0220 O03FD   i
870         ADd   'A.*-3  ,                 DIVIDE THE DIFFERENCE BY 3 0222
E627        071         JNC    MOD3  . w- 0224  lAE
...   ..........C   . .........;.r     *   . 0225 4420 ;         73
, t__ .0227 37   --- --: t  9 7W.  -:0L---  2~              .A5ADRUd 0228
9623:       876 *     .JNZ   . MOD30 . 022A 1E          877      t. INC 'R6
'    I r~~~- .U; .a-.878 MOD3t--s--- >--..-....,-----r-,------- - J4, 0223
8F05-  O  .87  " . .  NOV  - R7.*CALCYC                    NUMB.
SUEIUNER'OF CYCLES TO LOOK FOR 022D 445E        ego. -8  itJP, :.CAL4.- .
JRECOVERY    .    - 882 i.   : . .     THE LAST PHASE CF. CALIDRATION
MONITORS THE NEXT 'N' CYCLES 883 1.             AND LOOKS FOR THE PHASE
ANGLE TO EXCEED THE THRESHOLD. IF - --.-, --,4---8- 4DOES-TMEN
-THE-CURRENT- OFFSET-18- -TOO-LOUW- S-THE- OFFSET t        ,' '-5.'.'' .585
IN THIS REGION IS EFFECTIVELY DECREASED NETTING A HIGHER* }.~~~~~~~~~e
.            r' -...86l'f:iit,..OR SAFER.TABLE.  ,IF.THE.RESULTINO PHASE
ANOLE STAYED BELOW,   .THE THRESHOLD- THEN i-THE -OFFSET- IS INCREASED
EFFECTING A LOWER--- . 88               TABLE WHICH WILL RESULt IN GREATER
ENERGY SAVINGS. 989 9              THIS SECTION ALSO mONIToRs THE PHASE
ANGLE FOR A MARKED --     --------,-- 890  -a-r. -i--
----DECREA8Ew--IF--THE--PHASE--ANGU-- DECREASES-IFROf-THE- INITIAL- ---
---- 891 i    ..&    ' '..PWASE ANGLE AFTER'THE STEP DELAY BY. MORE THAN
TWO THEN ;IrT to ASSUMED -THAT'THE, IOTOR IS BEING LOADED 80 THE PROGRAM
893 t     2      ---EATS A -HASTY-RETREAt--AND- EXITS THE- CALABRATION
EARLY.- -- 994 095 CAL3A:' ,..022F EF3F   --8. 96       -- -DJNI-
----R7,CALS               SE--   SE IF CAL .. PERIOWDUP-- Wt 02311982F-
- 9'7  .      N.OV    RO.OFFPT                  . SINCE PA HELD. PULL TABLE
DOWN .0233 FO          998       . OV  ' A.RO        *ING OFFSET IF NOT 15 



* Q234A   --AS    2  egg99  -  " OVn --ROtA       - -        - -   -- -
- 0235FO      -   900         ;MOV    A.9RO 0236 530F        901       *
ANL    A.40FH 0y---238.03F----- -  902  --. --  ADD . A, OFSL-IM"-
INSURE NO OFFSET CALCULATED- OVER 10 0.,O23A C655 .    903 '          JZ
CALEXI                  sIF SO EXIT HERE e . 023C 10  !   9 '       v04   :
INC   . IRO  tELSE INCREMENT OFFSET .a.J-023D 4455.    - 905      .-.-JMP
CALEX2                ;THEN GET OUT 906 CAL5: 023F.FD          907
MOV    A.R5                    ;SEE IF PHASE ANGLE WENT ANY LOWER - --
909       - NEC    -41- - .  ;'  .'............ .  - * S     ~B- IS
MCS-4iAUPI-41 MACRO ASSEMBLER  3.  O       PAO E    -i2 tFULLY AUTOMATIC
SINEGLE-PHASE DIGITAL MOTOR CONTROLLER V/; .l"n'             ' LOC  OBJ
LINE  ,   'SOURCE STATEMENT r- 0240 37     ;                  C910+-  CPL
A              . iMAKE VALUE IN REG A 0241 17           911+ ' *
A     '                  TWOnS COMPLIMENT 0242 6     .      912         ADD
AtR                -       -          . - 0243 F64D         913       7 JC
SAME                    sNO.O OO'N 0245 17           914      - INC    A
'SEE IF LOWER BY ONLY I 0246 C64D        -915----      ---
YE9-IGNORE AND-GO ON - 0248 17         4916  ' -tjINC   tA ;,
-tSEE IF LOWER BY ONLY 2 'St0249 C64Dj,  91?7    - .          ;;:,SAMh   ?
'       aYES. IGNORE ANDOO ON t -OZ48 4455':>0,L5' ~ 919   i-MP -   CALEXO
NOr ASSUME MOTOR--bEING LOADED    . 919 SAME: . 024D FE           920
MOV     A.R6                    iSEEIF PR > PT t   024E 37-<  ..  - 921 --,
- --PL  -- -A.          ---- , ,,, -:,.-SUSTRACT- AND-- -r----- ------, -
024F 17           922 s- *p.*-INC    -A ^   ;CONPARE
4 -0250 63  -t    923         .YADD ,    .R3-                 --         -.
-       . - 0251 E6SE-       924 -       E.NC GAL4  --------.------- --
O-CONTINUE-- 0253 4466         925      - JHP    TOOLD
a YES THE CURRENT OFFSET IS TOO LOW .      -         .--  .  926  CALEXI;.
-            ,       . , -vs    S932.CALEX        F             - -.
- 



ILL'4                XR950' 0 ALEXtt  .--                              -
-       --'  -. - - -   -  - 0255 355          951  , ,   CLR      F.
.     YES. NO CHANGE. TURN OFF 3RD CAL SEC: O256 BF3C         952         M
.. c  R7.*INTVLC             .END CAL PERIOD -
W'rs AC --,,,-73-.c4D    ,AR4, -.,w.. r.- sRE.*>STO-,R6ORrDELAY -,-.
.----, R.025S9- 0C     .               --    <- A. --5e:  At:k - is TO-
-IT'SVALUE UPON ENTRY : ;  -          7-7 02903KG- -:`   954 -
`-4*'UO",NR . 0253 AC        . ..  955  -   9 V    R4,A            , -
txfr   A. 's-- 0250 243E--- 6--- --  956- DEL OSi -
go---   -              -  - 957 . 956' CAL4: -"- -.  -     -  ~~~959.
DELY.t       --rr~.-r.~---                        - O025E1662   (;- 960
TF      FIREI              -       IT F"' DE L;Y.ED   ;     - 0260 445E
961- ,    , ,VP   64DfLYt -  w       -      ;-    ' 'L- -: -a- -
962, FIREILt'6    _         . 0262 SAOS         963         ORL    P2*TRON
J JTURN ON TRIAC 0264,0498         964         JMP    PHASE    - 7 .
965 . J    S_      -- ?i!   . - . V .96& a  At %    .:. . :THE PHASE ANGLE
CONTINUED TO DROOP SO IT- IS ASSUMED 967    -. .        THAT THE CURRENT
TABLE.IS TOO LOW AND WE INCREMENT         - ;,-969;E- - aX-    -a-ThE
OFFSET-- -_ - ---~--'~--*-_- - _.   -. A- ;. . ^ ~~~~969, J   970 TOOLO:-
.0266  B8ZF--    .- 971 --- _"DV ----;RO.*OFFPT   -- --            -LOAD-
RBO: RO WITH ADbRESS OF OFFPT - . :*. 0268 FO  ,-..:,7.;*  972 -: '>   MOV.
, A.ORO          -  JLOAD A WITH ADDRESS OF OFFTAB(CALPT) 0269 AS    -
973    ..  MOV    RO. A                     a PUT THE CURRENT OFFTAB(CALPT)
tN RO 026A FO     -      - u     --R 974 -  SE MOV -A.RO   -     -s sNOW
INTO A 0263 530F         975      - ANL    A.SOFH                    aMASK
OFF CALIBRATION COUNT 0260 C655      - 976    *   AJZ       CALEX
sIF OFFSET ALREADY ZERO DON'T ADJUST -r-0- ---977*    --r-XCH ------A.RO -
- -                 PUT ADDRESS OF OFFTAB(CALPT) INTO A J& 1-j'' -        '
-. . 979 a           -THIS NEXT SECTION ASSUMES THAT THE ADDRESS OF THE
CALLIM --  --- --- 9 *90     -       TABLE IS EXACTLY 16 LESS THAN THE
ADDRESS OF THE OFFTAB 981                ADDRESS WHERE THE CALIBRATION
STARTS.  IF IT IS NOT THE 982 5              RESULTS ARE UNPREDICATABLE _-
9583   



B~~~~ I-- to '- Z,!g                                    I 1 :      oQ55~0
<of- D 3;                  ;1                    f   1     1 j~~o
--L~~si~ coI. ;7k     .. W.>       @    ~V..' t,  -                  .
'WS'-; -'o~~~~~z                   IL , s                    1:
i%   Cc Ul    + =HM +                        : '~~~~ 1- z imr  4+mt   --I
X   00      000      000000I X  9L                    IL  XI ''IC:. * .
.:               <- w _ = a * a * - * r : ;: a 1 :    ee  ,r axAR*=DBsSs1
:n    _                                    - ~~~~~~~~~43 - LOC%., OBJ    .,
s  LINE     t     E' STAT           ;;..'.,;,:   "-'005.1 '-- *
-------* *-  -:1007       8pN, E Rk R.    T H A N Dit - E -R S *
. tO~~100TN'      %eOS J- .- '0292 93E - -:'.,'     REUNRN^,. -,, i0._   ,9
,_:-1013  ..1014 '**  ****** *  ***P************ ,'-
X,~~01 ,,;, . ,, _,OS n*  . .*  t',' M
C-JiP''~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~,Lr
.-   :'' '' ,.   ' B'.  ' "'       ,"e''. ;4s'<  -;'S-       ,,, 'v'.',,'
';.,' ' ''  F_ ___. s-,'-t  ...
_ ;'s: _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7- * * - * S- ffi % S**~~~~~~~~~~.;
* F  ' e 81 -,Y' #=R:    K,
-44- "   -    .; .11 C-48/UPI-41 MACRO ASSENDLER.  S3.0             PAOE
:26 FULLY AUTOMATI.C.S.IFJOLE-PHASE DIGITAL MOTOR CONTROLLER V. M-9. 5 



LOC  ODJ         LINE         SOURCE STATEMENT _._..  ..-   - --:-1019 j
********e*e**eoe******n***.****.***e*.,**.n**o*.********* 1019: 1020 ;
-A S IC   O P E R A T I NG.  T A-B L E 1021                            ..
1022 i       ........ THIS TABLE CONTAINS THE OPERATING PHASE ANGLES BASED
ON 1023 I               THE SUM OF THE MEASURED PHASE ANGLE AND THE DELAY
FOUND --.--.- ---  -- --1024 a - .- .--r-  --- WHICHUWILL--GENERATE-THAT-
PHASE-ANGLE. -THE PHASE ANGLES .-- 1025 i -             .'ARE LOOKED UP
IN-THIS.TABLE DY-ADDING THE MEASURED PHASE :- ;- -           ... 10265
*.         ANGLE- TO THE GENERATlD DELAY AND OFFSETrTNO THE BASE. -    .  -
-lOt 0  -   _-   -      ADDRESS -TO- POINT -TO itW PROPER ENTRY;:- -- - -
- - 1028. 1029         FILL    3001 F r-~ ~- 7   1030--   FILL- ---:
irR*NPr                            -2rv; -                       7-----J --
'OSOO 00'  ',!   1160+  . A -- MtiD    0a  .:..   ;- *- *i ; tf-E,-
iEOYItLDTo.HS              UTOH ~40300        t      1161         ORO
-300H                                      -- 3   .    1162 SINCL6.FO:DUE
PG A-TOTS. SRC). -.:_     -  -- -          ....._ -1163 sAuto cilibrate
control table -1164 * - -    -116  r---- --iMn-;
12-.-----------7--------r----- 2~ ~ ~ ~ ~~~-- .  :
.1~  . ,. 1Z-. 9~~~~ _                                 -    -...x;,:  'Z
ssv 5~Bet70;..s    - :  . w  *- .    .-e  *   ;,   :X   -  -- 1169
70-'" MAUL   _8.                            ,_  . - 1S169 a      ifMINPT-
228. 4 -1170 t       MAXPT- 70.88 - 1 171~i -s  r.    'rr- rrrr
rr        '  OOE4        - tl 7          r MNPr TEdg  22 < .8 ..    - .
0047      -       1- 1173 MAXPTt 1EQU    - 7-  0300 64--       al.174 0301
64         -117S   '   sdb         100 t           sfset: 2 0302 64      ,
-1176   -    -d'b      -100             #offset: 3 --0303 64 -r     ' -
l7-;  1 I   b--   100 '7    '    ;  o..      6   ' ; 20304 64      -o -1179
-.A":--jd b   -- -- 100       Im". -  -; t  sabt-   - ~0306 64   ----1 190
-tb ~ ,,                    ~      bfu~:7          - 0307 64         -1t81
- db       100            soffast: a . 0308 64         -1182         ' db
100       softfst: 9 



w-0309 64        -i133d'-----    100---  r -rofset--10---------
------.- s 030A 64   ' --''1184  ,  - 4 db    %  100 t'        b;i!;
;ioffset:11-,, '--030C 64     -                           ---- 1 -:-  tb
'set: 11 :030D 64         -1197          db -    100              sofst: 14
"-030E 64           -118S          db       100             to:fsst. 15
&--030C 64  -    -119                               -------1 - of sst--6- -
--   -----.---- . 0310 64      -  -1190       --db         100
I ' offset: 17 -0311 64  ,; --9119i            db       .100
offsot: 1! 9--0312 64   ----- -1192     - -db       - 100      -.1offset:
19                         -..... 0313 64         -1193         - ;db
100            soffset: 20 0314 64         -1194          db        100
soffset: 21 ~--0OS15 64 -- ----    - 1195 - -db--      -100
--.tofeset: 22-           ....- g 0316 64         -11t96          db     -
100             softset: 23 st'0317 64         -1197          db      o100
soffset: 24 0314 64     -   -1199         -db        100
soffsest: 25 0319 64         -1199          db        100
soffset: 26 031A 64         -1200          db.       100
soffset: 27 - 031B 64          -1201          db       100
soffset: 29    -45- :.I81S-I1 Mcf4A/vPi-41 MACRO A8S*MBLER. V3.
PAGE   27   ,       . FULLY AUTOMATU SINOLE-PHASE DIGITAL f TOR CONTROLLER
V. M5             .*: LOC  OBJ         LINE         SOURCE STATEIENT 031C
64-   ,-- Z -1 202. .-db-- ----100-               -I o.fselb-29 [   031D 64
1203     ' .dh         100  -offset: 30 031E 64         -1204       - ;db
S100            3ofset: 31 031F 64         -'1205     Fa db        100    '
- -  offset: 32 0320 84         -1206- db               100            3
off set: 33 0321 64         -1207      "  db        100            *f fset:
34 -0322 64 - -----sr-208  ---f f-db-  -o-lb-aa-,--+tfeh-5- -i 0323 64 *
-1209          db       100                             0324 64 -   '
-2210       <"db  , -  100 ,   -f -              se:. 37   -:  032Z b4  -
--121$                           .          -_f                    __fst_.
0326 64         -1212         idb       100   -tafsat: 39 



0327 64         -1213          db       100S            Joffset  406 032E
640 --1220 1..,r d. -A:O 0323 64.    ,  :12210
_____        . b                     .. 121  _ 0331 64                  -
-12 2, Jdb                    6 . .  set: 43 032D 64     .   -1212
1b0 0O#swt:-46 0332 64         -1221          db       100         .
ioffset: 52 0336 64         -1221 9db               SOO -set: 46
- Z-- 0337 64 'i ! 't' S1229   b '-                             so --~.5j
0330 64       - -1230       ' db        100             .a9fset  57 0339 64
-1231                   100 .   ,   a a'ftit: sa                . .    .
0333 64        . ,-'- 12223- d6                              a
-r:*.            '  . -033C 64 ~       1223           b-
tat-6   ~~  --033D 64 ---r -'m1'234     S    '  td 2-o--~-
.s . 62' 033E 64         -1236        "db '      100                      6
033F 64         -1237   -    db         1,.           .       Cofst: 64 F
0341 64              2 *                  1         bte00: 'f t t6 A   0342
64 'b - *                                              s-l240   ;   -,-100.
'o~tset  67 1-- -0343 64   - -    l41 -;'"-db--;:---100-------ofset-68-
:--1 0344 64         -1242       - db        100           , oftset  695
0345 64         -1Z43       ;db         100          -  oft.: 70  F 033A 4S
. 244-r   ;            b '-- 694--------- ---t oftFet   71--  - 2a ja033B
64~         1243           b       89                        7 . 0349 45 i.
.124  .b                   -69        .      s    eft.t: 73           -
- 22220339 4a--     247  - -3--db   - -  9--   * -         vfset: 74 -----
74 034A 45         m1243.      .        ds 89              eoffset: 753
0343 4S         -1249       '  ob       69             a offset: 76
...a034c 450-   --, -:       ...---dh ----- b  9---------   offst:-77
- -  ---- 034             -125 .64       db   6 8 'eM eet: 79 g 4 034E 44
,.-1252  .   . db       69a offset: 79 034F  44      ::"-1243 1        db
69 -offset: 80 0350 44 61254                  db       68
offset: 61 0351 44         -1245          db       69             soffset:
72 -   0352 44          -1256       - db       68              ioffset: 93



-46- 9-t3 HCS    till4i MACRO AUSEMBLERU V3.        0      ' .  YAGE   us ,
..- 4      .FULLY  UTOMAT.IC SINOLE-PI4A9E D)0TAL MOTOR CONTROLLER V  5.9.5
'      . LOC  094          LINE       .tSOURCE.STATEMENT 0353 44  -- ---
1257  --  - . db-:   68 .--r1 .9 Cae  84 -'---  ---- - -- --.--- -- 0354 43
i ,  ' -1258 .    ,  0          67.-::            offset: .85 *   0355 43
0, 1259          ' db       67              I ..  ofst: 86        - . .   .
0356 43          -1260       - db-       b7-- - -         r- -soffset:-87
-- 0357 43        #n-1261       *r db.:     67              ioffset: 99
0358 43          -1262          db,      67               iatfet:99 0359 43
----r - -m1263    --.r db - --,67         -r .ft,.trr90         -
-.-- -. -- ;  035A 43       '.  -1264                                   '
db  67Of-l  .-  *. I ofset.,; 91 0353 43       -  -1265      MA -db '
92. 0--035C 42    *-1266            -1L-db  '---6&-- -         -:- --
-ffsat" 93  -     - .--.-.. 035D 42          -1267 .        d rb     66
i.offet: 4 035E 42       . -1268    - . db          66
Jnffs*t: 95 Q035F 42                         -i- - ;   Aj b--r  -66-
offset- 96-' t-036Z 4   i      ^12      -  '''b <-"'666 -'; >'" -v:~
't'$'^"'9 "10363 41  : .2271  tdb . ' 6S      -. soffset,,: 9* j ~036142 41
, .  -1271  .L: db            6S- 'w    ..ifft9
___ - 0362 42      - -t 1212 .                                    ofi- 6  t
0363 41   .      -1273        * 'db      6       .j offset: 106  .    .
*  036  41    .  . -1274        .db '        65      .. -af offset:' 101
.036B4 - . -    .: --. 1275 -   'db-. -    6t             .offa~trr fsilOs
0366 41           1276           b .  dh LA  J6-hk t' -: -s6e, ---6    -03
.. o  -  g.g 0367 41        - 1277:          dh     .6V
.-ofet-14 t%-'  -rtj* -0369 41           -~~1278 b16rLIf~ t107tp  0369 41
-1279    '. db           65              aaffaet: 106-. 036A 40
-1290       'i-b         64          .  a offset: 107 _-0363 40
--21--  -q:-u 1Z7 9-64Xmtr --rt ,  ,fl  t.,lI4- W,,E -M.
036C 40 31282- 2290j '   0                ,63 .t,           "s   -logwo
109  '  A  -   '-' L  036D 40       .   1293 -     tdb   ;-  63, .owett11-
'036E 40 --'-'--19          tdb.--.-6~---ofert1---aL- ~
.  036F 40          -1295                                    . -db  64 -
.   iffset: 112 0370 40          -1296      ,  ' db-      64           -
offoset: 113 -t-0371 40-          -1297        -           6Z
ffset- 124 



0372 3F   .     -12898     '    db    , V 62          tbffett115
. .037330 ,, ,                idb.>623.:' - ;                  fct: '117 ;
. I of, --0374 3E..         -.1s 'b.620'  ' ' gs;   ;--  0380 3D ;''
~~~~12902-5  db   ;-N ---6 _ ---~-:- 12"~- j- .6- -0375 3F         -1291
.   db        631              offsat: 118 0376 3F          &1292
db      63               joffset: 119 T_  0377 3F  10S     ..... - 19  .,db
---6      --.- xlst-3----   ---   R .0378 3F           : '   -1294  .&-db
*     61  - b                 i Eh0379 3K  2- .-   1295   tjdb
62      .offset: 122 ;--037A 3D -       -1296  -- d       b-     62
offbwt: 123 0373 32          -1297          db       62
aoffset: 124 037C 3C          -1299          db       62
soffset: 125 37D 3E  -,-.m1299              dbr-ffsh 62
toff#t: 13E2Wr- W137E 3E  ...-'-1300                        62.        - .o
fsvt:-127- 037F 3K E        -1301          db 0     62
moffset: 128  - a0390 3D ---t--32            --~-db
.-1.A.-----a:I32-offset:-   2           *-- .0381 3D         -1303
-db         61              S offset: 130 0392 3D          -10
b       61               3of faet: 131 Qb 394 3D ~ C-'-1306              d
V       61  -            offset: 133 ij_.t03895 3D-    . -1307    -     db
61              r of fast: 134 ~Ls*;'0386 3D  ---.b1t309        :'L-db
-61         -       mafast: -135 0397 3D          -1309          db
61              saoffset: 136 0399 3C          -1310          dh       60
a offset: 137 "-0389 3C      - -1311            dli       60         -
aoffset: 138    47 ~~~~~~~~~~~~~A _ X-T1iSI8I Mct-8ui4  MACR0
................-30, As.2   ......................... > UAyLLY AUTOMATIJA:
LE-PHAS DIGITAL MOR C             L    V. ..  ..L; -, LOC  03J     '   LINE
gnSO"CE STATEMENT . iT=03G8A 3C- .--     ^tS112  ------vd `------st*-S
:-            ---- *   038B 3C          -1313  .  .- db         60
.aafhset:- 140 038C 3C          -1314          d Lb     60
.iofset: 141 ;k  038D 3C    -    -1315          db   -  60   --
offset:--142 



039E 3C          -1316         db.       60              slafset:.143 038F
3B          -1317          db       59    .         jofaftt: 144 r=-0390
3~~~~~B- - -....... r--1358- ------i4---r~-S9>..................ov
1fnti.--45r-.-  - ......... . .......  -.  - ------ ,:.0391  3B      .
^       f     i     5.139 .... .Z..J......fflgt.... 14i.   .;  9:X..-   .
: . tetl6.::............... .;i -....  .0392 33   5t93t>s132    '       b
-   59 -. -- ;: 'otffe*:t147            :    1 ,  039413           -122
Lb       59      .        offset- 149 0395 33          -1323          Sb
59              ialt:  150'  4t  0 3967 S3A  ">2! 413245  , - -  :" 5'^"-;
Se  :cs o.   'als tc.15        .. ,,,            .- ~~  OSYSSA  ~~  t~
-1326 *.,,'45,v Lb  5Sf    U     saflflip: 153.4. 0399 3BA    .    -1327.
,.    ',db'   .     ;    . 'ftt                                   . :.
..... 1-:. 039A 3A          -1329       1& db       59
.offset: 155 0393 3A          -1329   .               59              I
offset: 156. 039C 3A.9t-r-r  -133O  ;        d., b ~.-59 . -
?Soti---157- ,:   r r  0390 3A       " -a1331   '.ci.--i~
:158   '      ~db-.  57  j1 03A9  39    `: 1332             Lb       57
.fset- 159  .- r 03A3 39 ~~~~ , t33 <ib-:.- .,.:S > ;zit '   6431W
.`45*4-~W 0395 39 *--4 --t 339            Lb     - 6
o#fset-i66-          -a--- - 03A0 3           -1334          b        57  -
.          offset: 161 OY3AZ 39         -1335   - : db          57
-  offset: 1i6 039C 39 -l--      1 03AD3393                         k7
.6                f t   3 03A4 389  .       133           b     - 57   -x
-tiaffsdtt  165 .59 4G- O3AS 38  -- a;              ra.. _ S2     S f,.L_4
bluet-,7  .l6-----'~- *W... 03A6 39      ii-1340        Sb- -    56
aftt   6 03A7 38  ..1334                 b        56              aoffset:
169 03AD 39   .    .-1342       .'db         57 .SSso@ffset- 146
-  - j. 03A9 38 9     .t-1343 8          b. -- A.-57l :--      .   ff.-
nt4-t170. '- - . 03AA 39  t.- .- -1344  b.  -Z db              -       .
isI sg: 171    , 57 a-03AB 39
_ Sdb---- -SS--1 ----1-'--------aofftk- 17S  - 03A  37     : 1346
.b          56              offset: 173 03A0 37          1340           Lb
55     '         offset: 167 mr-08 O3AE  -1374---  _. db- -13 49-
-                                 --f.ofe.- ------- --- ------ OSA03B  37
:,.:.a. -i13SS ,   j.b- db     554         '  aoffsetv16 182    . j   0330
37          = -1350        db  -    55          -   offset: 178 ff---0387
37.,-t- r^LZ-:.j35j:    -d Sb..55-.            .   ofsetx- 17984i 0332 37
-1352          Lb       55              aoffset: 179 



0339 37          -1353         db        55               offset: 186
3--O3A4 36 -          lS    -------b -- -  54--   ----a7ofset:.191
- , 03AB 35    .4.  -1355         . Lb        54         .    oacset: 188
-03AC S5;:.. 3-1356          ;Wdb        54              sofset: 173 03BD
36        -1359            db       54              soffset: 185 03AE39
3-1358                   d b      54aoffset: 186 *.03BE 35          -1364
db       53              *o5fset: 199 --03BD 35  -----   1363           Sb
3              aoffset: 190 OSBE 35         '-1364         Sb-       53
a offset: 1791 . 039F 35        -1365          db        53
aoffset: 192 -.03C  35           -1366          db       53
aoffset: 193    -48- *        --4 ~   R...             ,. ^ ISIS-II
MC9-489UPZ-41 MACRO ASSEMBLER. V3. 0               PAGE   30 ,-;FULLY
AUTOMATIC SINGLE-PHASE DIGITAL MOTOR CONTROLLER V.M-9.5 5 ~~-         -.
a..   -  -    4. .  .-...          ...  -  .  :.      ....  ......... ...
,  LOC  O8J         LINE         SOURCE STATEMENT - 03C1 .35----   M--1367
-           -   -' .3-          --- @fffet--194 4  03C2 34  i           a'-
d -36B d . S i 52        a offset: 195 .J03C3 34       '; ..1369        idb
.      52       :         offset: 196 .C4.03C4 34  - 1- -"1370  -   -1db-
'52--:-                ofsfet  197 03C5 34         '-1371         dh
52              sofsest: 198 -  03C0 34          -1372         db        52
'        aoffset: 199 03C7  34     --r.13eS73 .      t-' 2-S--- ---,-,r
o73e '-O . 03C8 34 .     . .1374  .-,r4-4db         52.2' . ;     '.i
offset: .201 -35                  52                 ffst N  03C9 34     -
137      ..db          *          .  * iofet: 202 4 -03CA 33      -  3.A
t37 6 :  Zdb----    5s----icf~et:-20 - 03CB 33         -u377 .       t db
'  51             soffset: 204 03CC 33       - -1379          db t51.
offset: 205 0O3CD 33' --zr "1379. -:- - --- - -- 2 F  03CE33    .i
.   db  '   51 3, 3-   .. -    Orr:ffet  207 03CF 33. :        1<-  -13891
51-       --- offstt 209 



03Dl 32      .. -1383   r     db't      50                ffset: 210 03D2
32         "1384    i     db        50       .        offsot:- 211 03D4 32
i 1's1386        t  d ddb --- -         '. --  offset.- 213 03D
`-g.'                 it      250'ft         %1-fse7t:. 214' 03D7 32
1387         d       ' 50      ;       o;fe:  P216 03D7 3i~    :
....... 13839    2 db -  50     o       f fset.-  216. 03DB 31
1390    . 4 db         49              aoffset: 1217 r03D9 31--4-r-,-n1391
-- -4. obv rt: --b9--it toftt- 21 - a03DA'31.'  .r-`'m392
dbik.6'Y"            ~     ffeat: 219              t-   .-- 03DB 31  t..
"1393 :    . db         : 749/      -    of fiet: 220 0- 3DC 31- --6--
1394 :-.. -iY db                           f tt- 221 03DD 31      1-   1395
4 tb        49      .       i of set: 222 03DE 31         -1396         -db
49 e            sof est: 223 r03DF0 3 -31---------w -1397 -- -    b--
it,-.    49 : .  S offletr-224 . 03E0 30      .   -1390          fdbh
48  :tt.A  r aoffset: 225  .. :             ,,,   - . - 03EI 30  . -   -
-1399          fib      .4       -    -  : : eleot: 226 -- 03E2 30     - --
-1400  ^- .-db- --- -                                    -4 8 227 03E3 30
-1401        Zidb        49            - aoffset: 228 03E4 30         -1402
4 db  .    48              aoffset- 229 7 O03ES 30 -------1403 ^ -
.*de      .48                               ---- *2 0: 3E6 30        ;:
Cr.. -"1404  -yib       489.      4 ;    sofftet: 231 03E7 30   1. -405
2jjdb  .   48          .*     offset: 232 L-03E9 30 - :---1406   -:-
.---- ---49 -- ---    offet  233 03E9 30         -1407       -  db       48
-offset: 234 03EA 30         -1408          db       48
soffset: 235 03ED 30 -1.tin409          : -   rib-- --49---- ------- offee
t:--236 03EC 30-       - 1410          db .t48                   offset;
237 r  03ED 30  . .       .1411        db   *  49               so#fsot:.
235 0 O3EE 30           -1412       -. db     --48-    -   -  aoffset: 239
03EF 30         -1413         ;db      a48               offset: 240 -
-03FO 30       -1414           ..db      48   /offset: 241 *OS3Fl 30
------1415-- -'--db    - --4 ------                offset: 242 $ 03F2 30
-1416          A db     48       .       of fset: 243 {.03F3'30
-1417          db       48              moff set: 244 d.03F4 30   --
-1419          db t     48              soffset: 245 O3FP 30         -1419
. db       48              :offet: 246 



O 03F6 30,      -1420          db       49              joffset: 247 03F7
30   -     -1421          db       4e              aoffset: 248    ... .
.... ...!.. i~~~~~~~~~~~~L N  t  0 $IL N aC CO V _ . , ~~~~~~~~00
000000    1    rs<nC ~       o n          1- LL   .I.IC ILm  D-Uo nl  0 1
,    ,    z. ,        , 'i''~~~~ ~~~~~ -  '            IL'  - E.'t
S.-^, I'm         j      -., |  ;    .            .~~~~~~~~~V La  ;:  IL 0.
W -   n-N  t 5 11f 4   ~~~~~O a Oq O  O  O   Oe 0 IL  t                i
t   m~m NN Nnlul           ^  - ';   ,f;   ^     -eiV;i:. ::,  |\  -....
.    .  .;. .     llu   u 5            - 0M  |      i-1   '    '      ;- S
2                        B 9  Ag  - \10  - S 0 I&,* a  -: -  ,-Ej js    1 '
q   . 0,  ;. 80 --~                       t--1 .--g             .-   | ta
a= aa  &,=  ><  u  E3 9 .SW -.    la   -.0 ..~~~~~ rd td  -d ( rd C; %f Vis
W ~~~~   ~      ~~ sr- I, tx      AC i u a- r        -me'.     i          i
;1 31 ~    ~~~~~~~~ 10 10 a     l                    >   Q   X F < E IL aL
Irs a an    0 r   a;Or <   ~   J   i  o   o   o oo 8 ke r -; JJ;  raJJ s F
Ztm  mv~~~~~~~~~~~C oacV rov  < 44
| | .-1E   I  .  !  D C tJ t1 2 |L  r O m o: 3   < i   !    .      !
,    rn~~~@ 1 I819-lI ASSEMBLER SYMBOL CROSSiREFERENCE. V?.t  '
'  PACE   I. - ADJOS  992 -294 *9 94- -; BECRAM  134*  241    242 CALI
561    785* --CALIA--j 785----833*-....*   _      .    ._
,_.   _  _;. CAL2    534  .786* CAL2A  796   8959 



- CAL3   533  -787#*  .       ..        ... ..
. CAL3A   787   899# CAL4   842   890   924   9580 *  ,-CAL5.-96--90 #-
------ - t   -                                        .  . . CALCYC  125*
:979.. CALEX   950*   976    993  ',,1  ,.                     ,
.     .    . - --CALEX1 903    926*                          -   . . ..  .
.                              . . _ CALEX2 905  - 932* CALEX3 918   938*
IU.             .-                                      .
T-AE4-944*-7J100-0          7r-      ~      7..'T W         -COTO  7 629
; 645*         . ..          ,     ' :-CLEARI 243- 246  '. j .
* .' .       _,; CUROX   490    Pl* DBNCE   362#   366.  --DEBUG    28*--
136  - 217 --.-299,,--492---5OO--670--  72      - .   933-9994.. -f :DELO
499* . 640   641 5-X:l1.;L.  .  .tbi   ' ..,.) *.1- }       .r;        <-;
DELAY: 532    53S?    554:t    * 57-  9 "&~ -DELYl . 9590*-.- 961.'    ,
*.            .                  -     $itfiiS< >i     c DEMO    27*    29
212   312   348    816 61sPA   572    590* --DIV3--99-97-             -r--
-      -r---       .r------r        -a DONE  -770*
.F' '        <. ... ;. ENDRAM  152*   242       :*
....- . -JEXTI    190  -1012*  . 1 *FAL8E    250   28      .    :.-
.; FILL     59*  388   791   1029 r -FIRE    566 --569*8
'-----------r--.  FIREI  960    962*      ..r'A. ;          #      2-%
.:jn4 . FIXCNT  712    719i . 767            .          x?.. .    -
:. ..f --FULLP  329* --352        - *      -  -          --..- ;-J....-
FULLPI 331*   334 HLDOFF  120*   23Z   634 .INIT    1 -- - 209*   323
---33--  -i  ---- -   t      .     -- INTVLC  124*  .237    540  -952 IP2
116*: . 220  *... JMPPHS 575 -1576   5se91* LL t -                 ..     -
-        -.     --       ;  



MAXOF9  122*   265    267   269   -271    273   275   277   279   291
293.   295    726 HAXPT  11730 nbMXWT -- 1190 - 477 -   <j
.................____..__.._...._    ... ..---.---- ;MINPT  .596  :11726
*S . ,  . -. MODS   871    8740 -n0D30  976  -.8 79         - -  MODOFS
614    812* WODOS1 919    920* ---HSTOP  215 -- 319*   351                .
.       .                   - MSTOP1 321*   324 , NEO     694   519   697
722   753    908   987 -OFFPT   149 - 549   897    971 OFFTA*  150*   151
254    547   601   611 OFSLIM  123*   902    ~:~gj9  --         SYMBO ., '.
.REN '; Ei'V1                                    -     - - -  :-I~tS-tI
ASSEN2LER  S YM80L.CROSS REF*ENC*`V2.                 .      PAGE   2
-PHASE   313  ;--347"    365 --' 507---  562-* '   644     653 ---779
964      -- r      - _ PHASJ   627    6430   649    649 PHSOK   605    609
613: -PHSOK1-.  600   -     --610#- ............____._____ ..__.._... _.._
SAME    913    915    917  ' 91i   SMO      674.  713 SM1      677* --769
SM2      686    694. SM3      693    6996 -SM41     705 '-v--707   -- S9M5
699    7520 .SM6      761. '-7630
-  .           S. SMNUMB 126ff 676: .  - .L; -
-  -- . . -..... ._ SMNXT   706    762    7686 SMOOTH  577    669. -SMSTAD-
-. -56-65-  ...- -. * ~ -. ------ TRON     1189   330    505    sL9s  9gad 



TRUE      24*    27 ,VL.TDBN - 121*# -455. IWAIT    291*  ...2 92;   293 .
-,.. WAZTC   4876. .491          :                                        .
..... .. WAJITP   364-- -475f   476:.                --- CROSS REFERENCE
COMPLET; --    -.-- ;a--''            .'..'-              i---____
_____--.-  *  ..                                                        - .
. ;                    - 1- ^              - f  * i@@D.
7 .  ii  .   7 .  . ; 7o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S         f_ _. -
.-  .  V _.    . -  a'-. _-     ..                  - .-;* .*. _ .---.-
--.-.---   .     -..--.-..--.----.--.-.-.    - 52 - *  C  L  M  S  *
CLAIMS: 1. A method for operating an induction motor control system
comprising the steps of: (a) energizing an induction motor using a firing
delay; (b) measuring the phase angle between motor voltage and 5    current
zero crossings; (c) determining a phase angle in accordance with the
equation y = mx + b, where y is the phase angle, m is the slope, x is the
firing delay and b is the offset, m and b being predetermined constants; 10
(d)  comparing the measured phase angle with the determined phase angle;
and (e) altering the firing delay based on the comparison to reduce the
difference between the measured and determined phase angles. 2. A method
according to Claim 1 wherein the amount by which 15    said firing delay is
altered is proportional to the difference between the measured and
determined phase angles. 3. A method according to Claim 2 wherein said
firing delay is 



increased by an amount equal to one half the difference between the
measured and determined phase angles. 20    4.  A method according to Claim
2 wherein said firing delay is decreased by an amount equal to four times
the difference between the measured and determined phase angles. 5. A
method for operating an induction motor control system comprising the steps
of: 25    (a) energizing an induction motor using a firing delay;    (b)
measuring the phase angle between motor voltage and current zero crossings;
(c) determining a phase angle in accordance with the equation y = mx + b,
where y is the phase angle, m is the 5    slope, x is the firing delay and
b is the offset, m and b being predetermined constants; (d) comparing the
measured phase angle with the determined phase angle; (e) increasing the
firing delay based on the ccmparison to 10  reduce the difference between
the measured and determined phase angles; and (f) repeating steps (a)
through (e) until the determined phase angle and the measured phase angle
are approximately equal. 6. A method according to any of Claims 1-5 wherein
m is 15   negative. 7. A method according to Claim 6 wherein m is between
about - 0.1 and about - 0.2. 8.  A method according to any of Claims 1-5
wherein m is positive. 20   9.  A method according to Claim 8 wherein m is
between about 0.5 and about 0.7. 10. A method according to any of Claims
1-5 wherein m is negative and b is between about 65 and about 72 electrical
degrees. 11. A method according to any of Claims 1-5 wherein m is positive
25  and b is between about 10 and about 30 electrical degrees. 



.11111111 1111111111i!11111 1111111 *    C    L    M    S    * 12.     A
digital method for operating an induction motor control system comprising
the steps of: (a) energizing an induction motor using a firing delay; (b)
measuring the phase angle between motor voltage and 5   current zero
crossings; (c) computing the sum of the measured phase angle and the firing
delay; (d)  using said sum to determine a phase angle generated in
accordance with the equation y=mx + b, where y is the phase 10  angle, m is
the slope, x is the firing delay and b is the offset, m and b being
predetermined constants; (e) comparing the measured phase angle with the
determined phase angle; and (f) altering the firing delay based on the
comparison to 15   reduce the difference between the measured and
determined phase angles. 13.     A digital method for operating an AC
induction motor control system comprising the steps of: (a) energizing an
induction motor using a firing delay; 20   (b)  measuring the phase angle
between motor voltage and current zero crossings; (c)  computing the sum of
the measured phase angle and the firing delay; (d)  using said sum to
determine a phase angle generated in 25   accordance with the equation y=mx
+ b, where y is the phase angle, m is the slope, x is the firing delay and
b is the offset, m and b being predetermined constants;    55
111111 111111 Dilli! 111111 



(e) comparing the nmeasured phase angle with the determined phase angle;
(f) increasing the firing delay based on the coaparison to reduce the
difference between the measured and determined phase angles; 5     (g)
repeating steps (a) through (f) until the measured phase angle and the
determined phase angle are approximately equal. 14. A method according to
Claim 13 canprising the additional steps of: (a) measuring and storing an
initial phase angle at time To; 10   (b) increasing the firing delay by. a
predetermined amount; (c) measuring and storing the resulting phase angle
at times T2... Tn; (d) comparing said initial phase angle with-the
resulting phase angles; and 15    (e) altering said firing delay based on
said comparisons. 15. A method according to Claim 14 wherein the phase
angle at Tn is less than the phase angle at T1 and said firing delay is
reduced. 16. A method according to Claim 14 wherein the difference between
20    the phase angle at Tn and the phase angle at.T1 is less than one
third of the difference between the phase angle at To and the phase angle
at T, and said firing delay is reduced. 17. A method according to Claim 14
wherein the difference between the phase angle at Tn and the phase angle at
T, is greater than 25    one third of the difference between the phase
angle at To and the phase angle at T1 and the firing delay is increased.
Hi ll1ii 111111 II  11 1111 i -56-          C*      L  N 18. A method
according to Claim 17 wherein said firing delay is increased by
decrementing the offset. 19. A method according to any of Claims 12-18
wherein m is negative. 5   20. A method according to Claim 19 wherein m is
between about - 



0.1 and about - 0.2. 21. A method according to any of Claims 12-18 wherein
m is positive. 22. A Method according to Claim 21 wherein m is between
about 10   0.5 and about 0.7. 23. A method according to any of Claims 12-18
wherein m is negative and b is between about 65 and about 72 electrical
degrees. 24. A method according to any of Claims 12-18 wherein m is
positive and b is between about 10 and about 30 electrical degrees. 15    


