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MICROPROCESSOR CONTROLLED TAPE
. CAPSTAN

This is a continuation, of application Ser. No.
459,720, filed Jan. 21, 1983, now abandoned, which is a
continuation of application Ser. No. 321,070, filed Nov.
13, 1981 now abandoned.

FIELD OF THE INVENTION

This invention relates to control of the capstan used
to drive magnetic tape for the storage of data. More
particularly, the invention relates to improved methods
of control of the rotational motion of such capstans,
whereby high rates of acceleration to a target tape
speed can be achieved without excitation of torsional
vibration.

BACKGROUND OF THE INVENTION

The American National Standards Institute (ANSI)
has defined certain standards for the performance of
magnetic data storage tape drive apparatus. In particu-
lar, data to be recorded according to ANSI standards is
recorded in blocks separated from one another by no
less than 0.280 inches. This interblock gap is therefore
that space in which a tape drive starting in the inter-
block gap must accelerate to its full design speed. Vari-
ous tape velocities are standard, including up to 200
inches per second (ips). The goal of providing a tape
drive which can accelerate to 125 ips within the 0.075
inch start distance (which is an acceleration of some 500
times the acceleration of gravity or 500 g’s) is a require-
ment of a commercial tape drive.

The art has traditionally separated the mass of the
tape carried on supply and take up reels from that por-
tion of the tape in the vicinity of the read/write head
(which is that portion of the tape which in fact must be
accelerated to satisfy the requirements mentioned
above) by decoupling that portion from the bulk of the
tape, using vacuum columns in which loops of tape are
carried. In this way, only the relatively small portion of
the total tape in the vicinity of the head need be acceler-
ated at very high rates, whereas the bulk of the tape
carried on the reels can be accelerated relatively slowly.
However, high acceleration of the portion of the tape in
the vicinity of the heads is a significant engineering
problem. To this end a vacuum capstan is typically
used. Such a capstan is a hollow, cylindrical wheel
having many holes in its periphery in contact with the
tape. A vacuum is applied to the center of the hollow
capstan so as to suck the tape into firm, non-sliding
contact with the capstan. The capstan is made very light
and of low inertia, so that it can be very quickly acceler-
ated to speed, whereby the tape in contact with the
capstan quickly reaches the design speed of the tape
drive. See, for example, U.S. Pat. No. 4,065,044 to
Painter et al for an example of such capstans.

The control of the acceleration of a capstan, even a
relatively lightweight, low inertia one such as that dis-
closed in the Painter et al patent, remains a difficult
problem. To this extent, numerous motion control
schemes have been devised. According to the present
invention, a microprocessor is used to continuously
sample the actual speed of the tape drive and accelerate,
decelerate or hold it at a steady angular velocity, as
indicated by comparison of the actual velocity signal
with a velocity command signal. The use of the micro-
processor allows considerable versatility of the system
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to adapt to conditions encountered and allows long-
term stability without regard to variations in, e.g., com-
ponent tolerance and the like.

OBJECTS OF THE INVENTION

It is therefore an object of the invention to provide an
improved drive for a magnetic tape system.

A further object of the invention is to provide a mag-
netic tape drive system in which a microprocessor con-
trols the motion of a vacuum capstan used to move that
portion of the tape juxtaposed to the head at any given

. time.
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Still a further object of the invention is to achieve
extremely high rates of acceleration of a tape to a
steady, carefully controlled running speed without
undue fluctuations in tape speed due to mechanical
resonances in the device or to “hunting” of an analog
servo loop.

SUMMARY OF THE INVENTION

The above needs of the art and objects of the inven-
tion are satisfied by the présent invention in which a
microprocessor utilizing look up tables for velocity
profiles is used to control the motion of the tape cap-
stan. The microprocessor examines each incoming com-
mand to determine whether it is likely to excite a vibra-
tion and, if so, modifies the capstan control so as to
avoid the vibration.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood if reference is
made to the accompanying drawings, in which:

FIG. 1 shows an schematic elevation view of the face
plate of a tape drive using the capstan control system of
the invention;

FIG. 2 shows a schematic diagram of the layout of
the capstan control system;

FIG. 3 shows a graph of motor current versus time in
a normal start operation;

FIG. 4 shows velocity versus time for the start opera-
tion;

FIG. 5 shows current versus time for a normal stop
operation;

FIG. 6 shows velocity versus time for a normal stop
operation;

FIG. 7 shows the motor current versus time for two
possible courses of action taken in a worst case short
stop situation; and

FIG. 8 shows velocity versus time for the several
possibilities of the worst case short stop operation.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As discussed above, the invention relates to control
of the vacuum capstan used in a magnetic tape drive, in
particular one for storage of data. Copending applica-
tion Ser. No. 123,729, filed Feb. 22, 1980, in the name of
Epina et al incorporated herein by reference shows a
tape drive in detail in which the capstan and control
circuitry of the invention has application. In particular,
that copending application describes a tape drive which
is capable of achieving 200 ips performance while re-
maining within the ANSI standards with respect to
interblock gap as described above. The invention of that
application involves the particular tape path along
which the magnetic tape passes between the take-up and
supply reels. The present invention relates to the cap-
stan which is used to accelerate the tape up to speed
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upon, for example, a host computer command, and is
accordingly not limited to the particular tape path
shown in the copending application referred to above,
but instead has applicability to many other forms of tape
transport systems.

FIG. 1 shows a schematic layout of a tape drive. For
example, a vertically extending face plate 8 carries a
supply reel 10 from which tape 11 is supplied. The tape
passes through a first vacuum column 12, past a read/-
write head 16, into and out of a second vacuum column
14, and is taken up upon the tape-up reel 18. The tape 11
is passed through the vacuum columns 12 and 14 so that
the mass of tape carried on the reels 10 and 18 is decou-
pled from that in the vicinity of the read/write head 16.
Thus, when it is desired that a stopped tape be acceler-
ated to its design speed or stopped from that design
speed, a capstan 20 can accelerate the relatively small
portion of the tape 11 juxtaposed to the read/write head
16 while the columns allow this part of the total mass of
tape to move at a different rate than that carried on the
reels 10 and 18. When the reels come up to speed, the
loops of tape within the vacuum columns 12 and 14
regain their original sizes, these having varied during
the start operation, as is well understood in the art.

As noted, the present invention relates to micro-
processor control of the motor driving the capstan. A
schematic overview of the system used is shown in
FIG. 2. The capstan motor 22, which drives the capstan
20 (FIG. 1) operates under the control of a power am-
plifier 24 which has both current 26 and voltage 69
feedback. Mounted on the motor shaft is a tachometer
28 providing two phase output signals ¢A and ¢B. The
tachometer 28 is a 1000 line two-phase incremental
encoder whose full period is 45.2 microseconds at run-
ning speed. It is these output signals which provide the
computational workload for the system, which is based
on a microprocessor 30 supplied with its operating pro-
gram, and certain look-up tables discussed in detail
below, by a 2K by 8-byte ROM 32. As noted, at 125 ips
the tachometer period is 45.2 microseconds. To get %
period measurement resolution requires a count rate of
4.4 mHz. This is supplied by a system clock 38 operat-
ing at 26 mHz, the output of which is divided by 6 in a
divide-by-6 network 40, the output of which is supplied
to a transistor-transistor-logic (TTL) counter 42, oper-
ating as a velocity decoder. The output of the decoder
42 is stored in registers 44 and 46 which feed the micro-
processor bus, thus providing a signal of the instanta-
neous velocity once every tach period.

Direction detection and position counting are also
implemented in logic outboard of the processor in order
to minimize computation delay. FIG. 2 shows the two
phase outputs of the tachometer 28, ¢A and $B, being
supplied to a position decode network 48 which feeds
an interblock counter 34 so as to keep an accurate regis-
ter of the position of the tape in a non-running situation.
The position output is supplied to the microprocessor
via a position register 50, connected to the microproces-
sor bus 52. The output of the microprocessor 30 is sup-
plied to a digital-to-analog (D/A) converter 54, supply-
ing the analog signal which controls the power ampli-
fier 24 which drives the capstan motor 22. The output
of the D/A converter 54 is also supplied to a null detect
network which supplies a D/A zero-adjust signal, in-
cluding a polarity signal supplied to a command register
58, in which are also stored operator or host initiated
commands supplied to the microprocessor 30.
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Thus, the microprocessor 30 is provided with digital
velocity and position signals so that it requires very few
program steps to determine the next current command
to be supplied to the D/A converter 54 and thence to
the power amp 24 to control the further motions of the
motor 22. In a preferred embodiment, a Zilog Z80B
microprocessor was chosen because it has enough speed
to complete the required program steps safely within
less than 1 tachometer period. Its internal registers are
sufficient to implement the design without use of exter-
nal RAM which satisfies the goal of the invention of
simplicity. A single 2K by 8-byte ROM 32 is used to
store both the program instructions and certain look-up
tables discussed in detail below. The rewind command
is supplied to the Z80B through a rewind command
register 64. Also supplied as an output of the Z80B is a
“NMI enable” signal, which is stored in an output port
register 66 and gates the NMI input of the Z80B. It is
combined with the GO signal in an inverted-output
AND gate to generate the NMI input. A test LED
appearing on the card is lit as indicated at 68 as an aid in
diagnostics.

As discussed above, the capstan control arrangement
of the invention was originally designed to be incorpo-
rated within the pre-existing drive which is the subject
matter of copending application Ser. No. 123,729, filed
Feb. 22, 1980. That particular drive, as do all drives, has
certain mechanical components and tape path geome-
tries which have resonant frequencies which can be
excited by motor current profiles and program com-
mands executed at the appropriate frequencies. For
example, the motor used to drive the capstan has a
torsional resonance at 4500 Hz, the vacuum columns
have resonant frequencies of 35 and 55 Hz, and the tape
stretched between the capstan and vacuum column has
a resonance frequency between 1.2 and 1.6 KHz.
Clearly it is desirable to control the capstan motor in
such a way that all these resonances and the attendant
physical instabilities are eliminated. Careful control by
the microprocessor of the capstan motor, as will be
discussed in detail below, allows all these resonances to
be avoided, and smooth operation achieved. Similarly,
the other objects of the invention, achieving 1 millisec-
ond starts, that is, within the 0.075 inch start distance
and settling within ANSI standards for velocity within
about 1.2 milliseconds, are achieved with this design.
Microprocessor use also permits better velocity control
and simpler design, yielding a lower chip count and
reduced hardware costs.

FIGS. 3 through 8 show current and velocity profiles
for several of the more usual operations undergone by
the system according to the invention. FIGS. 3 and 4
show current and velocity profiles, respectively, for a
normal start; FIGS. 5 and 6 show current and velocity
profiles for a normal stop; and FIGS. 7 and 8 current
velocity profiles, respectively, for the worst case short
stop situation in which the 1.2 KHz resonance men-
tioned above can be encountered if the appropriate
steps are not taken.

FIG. 3 shows motor current during a conventional
start operation from zero velocity and FIG. 4 shows the
accompanying velocity profile. The current supplied is,
as noted, divided into five phases. During phase 1, cur-
rent is increased at a constant rate to a limit which is
maintained during phase 2. The programmed current
build up in phase 1 reduces the excitation of the motor’s
torsional resonance at 4500 Hz. Transition from phase 2
to phase 3, in which reduction of current begins, occurs
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at approximately 60% of full speed. However, capstan
speed is changing too fast, approximately a 15% change
occurring per tach period, to accurately determine
when 60% of full speed occurs. The solution chosen
was to watch the tach period during phase 2 and, know-
ing that acceleration is proportional to current, com-
pute the time remains until 60% of full speed is reached.
When that time is reached, the timed ramp-down of
phase 3 is initiated without having to wait for another
whole tach period to be consumed. In a preferred em-
bodiment, the computation of time remaining is actually
done by table look-up. In phase 4, the velocity is high
enough to use simple proportional control with current
proportional to velocity error. That is to say, full design
velocity would be compared with that in the two actual
velocity registers 44 and 46. In this operation, the use of
the microprocessor 30 provides another important ad-
vantage. Speed in this phase is still changing by as much
as 10% per tach period making measured speed lag
actual speed at sampling times. This effect is eliminated
by using another look up table stored in ROM 32 to
contain the current values modified by the known sam-
pling lag.

Integral action is added to proportional action during
phase 5 when the capstan is at nearly full speed. Two
integrators are used, both implemented by registers
within the processor 30. The first integrator starts with
zero initial condition at the beginning of phase 5 and
responds fast enough to correct for the varying tape
tension load imposed by the two vacuum columns 12
and 14 (in FIG. 1) whose resonant frequencies are 35 to
55 Hz. Whenever the “GO” command to the tape drive
is dropped and the motor stops, the contents of the first
integrator register are used to increment the second by
a fixed amount. The second integrator has a slower
response time than the first, but is not reset when “GQO”
is dropped. 1t is, therefore, capable of compensating for
variations in drag, torque constant and analog circuit
offsets. The switching and memory capabilities of the
microprocessor 30 thus make the advantages of error
integration possible, without the usual overshoot prob-
lems that one would expect with an analog integrator.

It will be observed by those skilled in the art that
there is a relatively smooth transition between phases 4
and 5. This is done in order to eliminate the errors
caused by shaft wind up between the motor and the
tachometer disk as suggested in the prior art, for exam-
ple, see U.S. Pat. No. 3,904,943 to Klang.

FIGS. 5 and 6 show, respectively, motor current and
velocity versus time for a normal stop operation. When
the “GO” command to the drive drops, the micro-
processor initiates the “STOP” routine. The power
amplifier which is in the current mode for the
“START” and “RUN” operations is switched 70 to
voltage mode 69 for “STOP”. As will be observed, the
motor stop current is increased to approximately 20
amps in the case of a particular motor chosen, which
draws a like figure, typically 24 amps at 30 volts for a
one millisecond start operation as described above. The
current is gradually decreased during the “STOP” op-
eration in the area marked Ramp 1, in a preferred em-
bodiment beginning when the motor velocity is ex-
pected to have dropped to 44% of full speed. The
higher initial current is used to insure that position over-
shoot is avoided. This wave shape minimizes shaft
windup towards the end of a “STOP” operation when
another “GO” command may occur. This situation will
be discussed below in connection with FIGS. 7 and 8.
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“Ramp 1” is continued until the motor has slowed to
approximately 10% of full speed, as shown. This speed
is maintained by a small positive current until the de-
sired stop position, in the preferred embodiment 0.075
inches, is approached. At this point a stop pulse reduces
the speed of the capstan to nearly zero. Thereafter, the
“STOP LOCK?” phase is entered. It will be appreciated
that the two-phase tachometer described above mea-
sures position error with a resolution of 0.0014 inches.
Use of the “STOP LOCK” algorithm resulting in the
“STOP LOCK?” current shape shown in FIG. 5 avoids
the need for lead lag compensation as practiced by the
prior art, by applying motor current correction for only
a short pulse followed by dynamic braking until the
next tach transition is sensed.

As was discussed above, the low rate of change of
current in START is very effective in avoiding excita-
tion of the 4.5 KHz torsional resonance of the motor/-
capstan combination. In the particular tape drive design
shown in the copending application referred to and
incorporated by reference above, another broader, less
peaked resonance exists between 1.2 and 1.6 KHz, at-
tributable to the stretch between capstan and vacuum
column. This resonance can be excited, for example, if
the “GO” signal is dropped for approximately 200 mi-
croseconds, causing “STOP” to begin, and “GO” is
then reapplied. Without detection of and compensation
for this sequence, the capstan control will respond with
the usual Ramp 1 current increase upon “STOP”, and
will continue it into the positive current region as
shown in the dashed line of FIG. 7. Since the resultant
current profile required to return to full speed has a
shape which has almost all its energy at 1.2 KHz, reso-
nance would occur. However, up to 300 microseconds
into the stop routine, the motor speed is still above 50%
and can be recovered to 100% within the alloted time
while using a slower rate of change of current and a
reduced start current limit (for example, 14 amps in-
stead of 24) resulting in the shape shown as Ramp 2.
Accordingly, the microprocessor is programmed to
detect the possibility of excitation of this resonance, and
applies Ramp 2 when it does so.

FIG. 8 shows velocity as a function of time for the
several possibilities shown. The solid line indicates the
current profile which is followed when it is detected by
the microprocessor that the possibility of excitation of
the 1.2 KHz resonance exists and Ramp 2 is used in-
stead. The several dotted lines are possible velocity
profiles which can occur if Ramp 2 is not followed that
is, if Ramp 1 is used. Those skilled in the art will recog-
nize the problems inherent in the velocity fluctuations
shown.

In the case when “GO” comes back up after 300
microseconds into the “STOP” operation and before
Ramp 1 is completed, the speed has been reduced so
that Ramp 2 can no longer be used. The microprocessor
therefore simply delays responding to such commands
until Ramp 1 has reached the near zero current value.
This avoids putting too much energy into the system
near the resonant frequency and makes up for any theo-
retical increase in access time by reducing settling time,
i.e., the time required for the tape velocity to settle
within the ANSI standards.

It will be appreciated that there has been described a
microprocessor system which allows extremely low
access times, that is, very fast start or stop operations,
while simultaneously meeting ANSI velocity standards.
Torsional vibrations are substantially reduced by adap-
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tively adjusting the motor current profile to avoid possi-
Ble resonances, while use of the look-up tables in ROM
to determine the particular current profile to be used at
any given time allows versatility in the tape drive of the
invention. In particular, it can easily be converted from
125 to 75 or 50 ips. The control circuitry is substantially
simplified over that which had previously been used;
further reductions would be made possible by large-
scale integration. Use of the microprocessor also allows
several automatic calibration routines and diagnostic
aides, e.g. the test LED indication, and the automatic
nulling of the D/A converter, to be built in to the extent
that no manual adjustments are required in the commer-
cial embodiment of the capstan servo control system of
the invention.
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Attached hereto is 2 document marked appendix A
entitled, “Capstan Digital Servo System”. This docu-
ment will be recognized by those skilled in the art as a
complete microcode version of the control program-
ming of the capstan servo control of the invention.
Those skilled in the art provided with this document
and the above disclosure, including the control system
schematic diagram of FIG. 2 would have no difficuity
in implementing the invention.

1t will be appreciated that there are additional modifi-
cations and improvements which can be made to the
invention without departing from its essential spirit and
scope which should therefore not be limited by the
above disclosure, but only by the following claims.
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0003 VSEQ:! EQU 3
0004 MOTR: EQU 4
0005 CMD: EQuU 5
0008 CONT: EQU 6
0007 REW: EQU 7
0000

;naaaaaaaassaaassaaslﬁﬂ COUNT REGISTERasseusanscacasscaagansass
*

1000 POSITION! EQU 1000H {BG POSITION CNT REG SET 1BG COUNTER
- 5T0P

I

T6S‘LOS*Y
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S9

09

S¢S

108
109
110
111

112
113
114
115
118
17
118
119
120
121

122
123
124
125
128
127
128
129
130
1314
132
133
134
135
136
137
138
139
140
141
142
143
taa
145
146
147
148
149
150
151

152
153
154

- 155

156
157
150
159
160
161
162

10014

0008
0006
0007

1002

1003

1004

1005

0000
0001
0002
0003
0004
0005
0008
0007

10086

0000
0001
0002

1007

4200
0p42
0877

.

. END OF Gap
sazusnewwenxVELOCITY REGISTER MOST SIGNIFICANT BYTEssuzzuns

VELMSS: EQU 1001H

*

VELOCITY COUNT BITS 8,9,A,8

SEL12S5: EQU 5 SELECT BIT FOR 12% IPS (ACTIVE LOW)
SEL7S: EQU 8§ SELECT BIT FOR 75 IPS (ACTIVE LOW)
SELS0: EQuU 7 SELECT BIT FOR 50 IPS (ACTIVE LOW)

3

;'l'---Il--'VELOCITY REGISTER LEAST SIGNIFICANT BYTExnezuns=

VELOCITY EQU 1002H VELOCITY CNT NUMBER OF CLOCKS BETWEEN TACHS

CLEARS INTERRUPT FLIP-FLOP) CLOCK= .228 NAN

;llIIIIII-II.I.IIIVELOClTY QUTPUT REGISTERxssnsssanasssnnene

VELTEST: EQU 1003H VELOCITY REGISTER FOR SEQUENCER 'A' BUS
;II.lIIIIIII.D/A CONVERTER PRESET QEG!S?Eh'l.!‘l'llll.l.l!.l

MOTOR:® EQuU 1004H QUTPUT T0 D/A CONVERTER FOR CAPSTAN MOTOR
;lillllll.!'.l..ll. COMMAND REGISTER AR TN ERNARE AN NN

COMMAND: EQU 100%5H COMMANDS INPUT REGISTER

POLARITY: EQU [+] POLARITY TEST BIT

PWRSAFE:! EQU 1 POWER SAFE LINE S5TATUS

IBGCNTR! EQU 2 18G COUNT ENABLE (ACTIVE LOW)

HP: EQu 3 HP card present test

RAWND EQU 4 REWIND SIGNAL FOR CAPSTAN (ACTIVE LOW)
READY: EQU 5 READY SIGNAL FOR CAPSTAN (ACTIVE LOW)
FORWARD: EQU 6 FORWARD MOTION COMMAND (ACTIVE LOW)
GO: EQU 7 GO COMMAND (ACTIVE LOW)
tamsntsENReENRRER® CONTROL REGISTER sERRSARNEESENeAIREREURS

éUNTROL! EQU 1006H CONTROL OUTPUTS

NMIENBL: EQU

0 NMI ENABLE LINE
TESTLED: EQU 1 TEST LED DUTPUT
PARKED: EQuU 2
I
tamzzaneSEEsAENEREE RE'[Nb REGISTER SEsNEREaNEERNNENRR

REWIND! EOU  1007TH

REWIND INPUT FROM SEQUENCER ('B' BUS)

éRTBUF! EQU 4200H
SHOWDE! EQU 0842H
SHOWBC ! EQU 087TH

(CRT dispiay for debugging)

ok
w

14!

T6S°LOSY



9

09

99

0¢

163
164
165
166
167
168
169
170
171
172
173
174
175
178
177
178
179
{80
181
182
183
184
185
186
187
188
189
190
191
tag
1493
194
195
198
197
198
199
200
201
202
203
204
205
206

208
209
210
211
212
213
214
215
216

08saF

0000
0000
0000

0000
0000
0000

0000
0000

0000
0000
0000

00SE
0058
004E
0055
000F
0007
0002
0003
0007
0070
0000
4000
0080

SHOWA:

EQU 0BBFH

H
e 2en000e0eAdeee ¢ 0RNEN00N0PCA0CEReR e s0ARCQOEROBRIRE0R

-]
e
L

-]

REGISTER ASSIGNMENTS e

&

200240080024 0020000080026086000080082032500Ca0QIRG0GORRGEBGE

o 0 0 O 0 ¢ &

o o o 0 ¢ o O

o D0 @ o

LE-E-2-2-F-2-]
.
H

NuLL:
NULLMIN:
MAXSTP:
Max:
MASK:!:
BANK:
LEDNMIOF:
NOLEDNME ¢
NuULLPOL!
STOPDIST:
STOPDIR:
SSTACK:
INTEGR!

i

REGISTER BANK 0 B

3

C
o}
D
HL
H
L

REGISTER BANK { 8°

CQ
DE'
D'
EI
HL*
é.
1X
1y
I

CONSTANTS

EQU 94

EQU 86

EQU 4eH

EQU a5

EQU OFH

EQU 7

EQU 2

EQU 3

EQuU 7

EQu 129

£QU 0

EQuU 4000H
EQU 80H

FORWARD TRIM

REVERSE TRIM

TIME DELAY COUNTER

DIRECTION FLAG FOR STOP (BIT 0)
ADDRESS POINTER (START)/(STQP)
STOP LOCK NULL (STOP LOCK)
LAST POSITION (STQP LOCK)

TACH LINE COUNT

TRIM IN USE

LOOKUP TABLE POINTER (ACC)
ERROR INTEGRATOR (RUN)
VELOCITY COUNT (RUN}

1/0 POINTER

TEMPORARY STORAGE

INTERRUPT VECTOR

SSTACK POINTER RESET CONSTANT
D/A NULL 817s 0, 1, 2
SET 10 '+t BITS 3, 4
NULL POLARITY B8IT 7

MOTOR NOMINAL NULL COMMAND

MAXIMUN CURRENT COMMAND TO STOP
MAXIMUM CURRENT COMMAND
VELOCITY MSB MASK

280 REGISTER BANK SELECT

LED OFF ANDO NMI DISABLED

LED OFF AND NM1 ENABLED

NULL POLARITY

STOP DISTANCE

5T0P DIRECTION FLAG

servo integrator constant

st
T6S‘LOSY

91



$9

09

49

217
218
219
220
221
222
223
224
225
228
227
228
229
230

232
233
234
235
238
237
228
239
240
249
242
243
244
245
248
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
268
267
268
269
270

0000

0000
0001
0002

0003

. 0004

Q007
0008

0010

0018

0020
0023
0026

0030
0033
0033

00
00
00

AF
32
F3
c3

c3

c3

3A

c3

08
683

42

77

00

44

10
0s

os

08

10
o8

04

EH2CE Attt ARtRet st tatttd et attaiacettastotthndetdcattntns

. .
. INTERRUPT STRUCTURE .
. .

..‘......“.‘...‘..’...‘.........'......‘.‘.....Q.t‘....'...

NON-MASKABLE INTERRUPT

MASKABLE [NTERRUPT

. e e wn we ve we we

SEf ON +GO: EXECUTES 'GO' ROUTINE AT 8
NMI INPUT IS DISABLED BY 81T 0 OF

'CON

SET ON TACH LINE BY VELOCITY SEQUENCER
(MODE 1) FLIP-FLOP (K42) LATCHES INTERRUPY

FLIP-FLOP CLEARED BY READ TO 'VELTEST'
EXECUTES ROUTINE AT 3BH
O.Q“..Q....‘.t‘..‘.‘..'.‘Qtt.t'....t‘t.t‘....‘....O..t‘.‘..
..0..t..Q..Q‘Ot“t‘t.“.ttt..t.n-t“t.ti..‘....t“.‘...ﬁt.-‘
[] .
. INITIALIZATION ROUTINE .
[ ] *
......l“.‘.‘....t..‘....‘..“‘.t."t.‘.“‘..0‘.‘.‘.0..‘.0‘.
..‘..‘..“‘0‘..““‘...0..‘....“.‘.‘“..‘.....“...‘0..‘0.‘
AOQ: NOP THIS REPROGRAMS 'RESET' KEY TO PERFORM A 'BREAK'
NOP
NQP
! SET TO 00,00,00 FOR EPROM
H D1
[} LD HL , 0DBOOH CRT ADDRESS 1O DISPLAY WORKING RECISTERS
} LD (CRTBUF) ,HL
4
}
START: XOR A
LD (CONTROL) ,A TEST LED ON,NMI DISABLE,CAPSTAN PARKED BIT
D1
JP NULLSET FIND D/A NULL
H
ORG 10H
JpP SHOWDE DISPLAY DE AND RETURN
]
ORgG 18H
JP SHOWSBC
) ORG 20H
LD A, (1000H)
JP SHOWA
orRg J0H
!
A30! JpP QD444H SOF TWARE BREAK ~-- AMDS SYSTEM

.

LT

T6S°LOSY
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€9
09
89

27t EE-T-E- - YN TN F-1-L-F- TN N L F- Y TN A - PR L T -T2 -7-7-

272 o e

273 e VELOCITY INTERRUPT e

g;; ° ON PHASE A TACH (IF INTERRUPTS ARE ENABLED) s
° @

276 SRS R-EEER-S-REREEE-REE-SE-R-R-2--FRRE-2-FR-RR-F-R-0-2-T-N-2-F-F-2-2-2-3-F-3-R-2-F-7-F-]

277 :

278 ORG 38H

279 H

gg? 003@ DD E9 VELINT? JpP (IR} VECTOR TO START/RUN ROUTINE (SPEED DEPENDEN
a

282 sepesecte

283 @

284 ° COMrMAND I1DLE LOOP

285 &

286 CR-E-R-R-2-X-B-2-}

287 e

288 H

2869 003A ED 57 PREIDLE! LD Al 0: compute reaf_null for motor

290 003C (8 7F BIY HULLPOL,A

291t ©0O03E 20 08 JR N2 ,PREID

292 0040 E6 07 AND TH

293 0042 ED 44 NEG

294 0044 (6 SE ADD A,NULL add negetive bias

295 0046 t8 04 JR PREIDL

296 0048 E6 07 PRELID: AND H add positive blas

297 004A (86 5E& ADD A, NULL

298 004aC PREIDL!

299 004aC 32 04 {0 LD (#40T0R) A

300 @

301 004F IDLE:

302 004F 3E 02 Lo A2 0; disabte NMI, reset park-bit

303 005t 32 06 10 LD {CONTROL),A O3

304 0054 3A 05 10 1DLE: LD A&, (COMMAND) O

305 0057 CB 7F BIT GO, A 0; TEST ~-GO

308 0059 CA 66 00 JpP 2,GOINT

307 005C CB 6F BIY READY,A 0; TEST -RDY

308 O05E CA 48 03 JP Z,57T0PLOCK

309 0061 18 Ft JR IDLEY

310 !

312 0063

313 eeseeeeeaeeeeeaeeeeeeeaaaeaeeeeeaeeeeeeeeeeeeeaeeeeeeaeaeeea

314 e e

315 @ GO INTERRUPY e

316 & -]

317 aeeeeeeeeeeeeeeeeeeaeaeeeeeeeeeeeeeeeeeeeaeeeeeeeeeseeeeeeee

318 ORG 66H

319 H

320 H ROUTINE MUST START AT ADDRESS 86H {NM1 VECTOR)

3214 H

322 00668 3E 02 GOINT: Lo A, LEDNMIOF 7:; DISABLE NI ,RES CAPSTAN PARHED BIT

323 0068 32 06 10 LD (CONTROL) A 7

324 H

61

T6S°LOS Y
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<9

09

39

375
328
327
328
329
330
331

332
333
334
335
338
337
338
339
340
341

342
343
344
3as
Ja8
347
Jas
349
350
351

352
353
354
35%
358
357
358
359
360
361

362
363
J64
38%

166
367

368
369
370
37

372
373
374
378
378
377
378
379

0068
0060
0070

0071
0073

0078
0079
007A
0078
0070
QO07F
0081
oca3l
0086
0086
0088

QO0BA
008D
00BE
008F
009t

0092
0095
0097
0099

0098
009C
009E

00A1
00A3
00AS
00A7

Q0AA
00AC
QOAE
0080
0081

0084
0085
0088
0087
00BA
o088
0080

cs
CA
D9

JE
32

n
TE
8t
20
E6
1E
FE
D2

FE
28

78
09
ar
32
SF
18
21

7C
71

00
03

ot

FC
oF
55
02
F3

01
JF

02

98
03

0%
76

44
02
08
00

DE

04

07
o1

00

10

10

00

10

10

00

04

00

10

90

GOINT1!

.
'

3
GOINT2A!
GOINT2:

}

LA AL AL RN )

GOINT]:

4
1
NOSTOP!

BIT
Jp
EXX

LD
LD

BANK  H
Z,GOINTY

A,0
(VELTEST) ,A

HL,VELMSB
A, (HL)
{HL)
NZ,GOINT2
MASHK
E,MAX

2
NC,ACC12%

1
Z.GOINTS

VELOCITY > 98 IPS

LD
LD
cp
JR
L0

Lo
EXX

Lo
Lo
LD
L0

HU.VELOCITY
AL (HL)

(HL)
NZ,GOINT3
E.A

A, (VELMSS)
MASK

0

NZ,GOINT

ALE
155
C,START

L,C™MD

7+ TEST REGISTER BANK SELECTION
0: SELECT REGISTER BANK O

0: SET VELOCITY COUNT TO SEQUENCER TO '00'

0: LDAD VELOCITY MSB INPUT

0: VERIFY STABLE INPUT

0: PRESET CURRENT LIMIT
0: NORMAL STOP TIME

0: SHORT GO-DOWN

0:LOAD YELOCITY COUNT LS8

BAD INPUT; TRY AGAIN

coQQ

CAPSTAN RUN-AWAY

0: index HL to command reg

FORWARD, (ML) 0

E,NULL-(MAX/2)

NZ,5T125R

210
C.NOSTOP
H,0

LA
GOINT@®

A.B
C.A
(MOTOR) ,A
E.A

HL,09001H

set current limit for reverse
0:

[
0:
0:
G:
0;
0:
03
0:CAPSTAN SPEED ABOVE {10 1IPS
1
1
1
1

D, .HIGH, (TABLE2) 1;SET PAGE POINTER

1;: INITIALIZE 1/0 POINTER TO VELOCITY INPUT

o | 4
65 LOS ¥
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g9

09

[49

380
38t

382
383
3es
385
3Bsse
387
388
389
390
39¢
392
393
394
395
398
397
398
399
400
401

402
403
404
405
406
407
408
409
410
411

412
413
414
415
416
417
418

419
420
421

422
423
425
426
427
428
429
430
a31

432
433
434

ooco
00C4
00C7
oocs

00C9
00CC
00COD
00CE
00bo

00Dt
0004
0006
0008
o008
Q0D0

0ODE
00DF
00ED
00Et
00€3
00E4
00€S
00E7
00E8

00ESB

00EB
00ED
O0EF
00F 1
Q0F2
00F3

00F3

00
3A
;]
78

21
7€
:13

S5F
3A
E6
FE
c2

68

2%
02

02

Al

07
08

77

14

£ES 01
10

10

10

00

16

Ja 05 {0

Lo IX,5T125F3 1

Lo A,{VELOCITY) t; CLEAR PENDING INTERRUPY
El

HALY

i

+

evssseee VELOCITY GREATER THAN 48 1PS

GOINTS! LD HL,VELOCITY 0; INPUT VELOCITY COUNT LSB
LD A, (HL) 'Y
ce {HL} ['H
JR NZ ,GOINTS 0
LD E,A B
1]
LD A, (VELMSB} 0: VERIFY VELOCITY COUNT MS8 IS STILL QOOD
AND MASK [t ]
ce ' 0
JP NZ,GOINT 0:B8AD INPUT TRY AGAIN
LD H, 1 0
LD L, E 0

eccaded LOOK~UP CURRENT LIMIT

GOiNTS! ADD HL, HL 0; MULTIPLY BY 8
ADD HL  HL 0;
ADD HL,HL 03
LD A,.LOM,(TABLE2) O;COMPUTE LOOK-UP TABLE ADDRESS
ADD AH
LD L.A

LD H, MIGH.{TABLE2)
LD E,(HL} 0; LOOK-UP MAXIMUM ACCELERATE CURRENT
LD A, (COMMAND)

e 0 6 06 8 0 & &6 & & @

°

°

& THE NEXT TEST SHOULD BE “BIT HP®, BUT WAS CHANGED S0 TOBE
6 COMPATIABLE WITH THE V.A02 EPROM...WHICH IS [N ERRORIU

o
]

¢ @ &8 &6 ©» & ¢ B B 0 ©

B1Y FORWARD , A test for HP card present

JR Z,ACCi25
Lo A, 14H mar that can be added (unless TABLE2 cha
ADD AE
LD E.A
esaeaaaaeeeeeeeaeeeeeseaaccaeeteaeeeeesaaeeeeaaeeeeeeeeeeeee
L] a
] ACCELERATION CURRENT PROFILE L
] e

eaaeeaeeeeeeeeeee-eeseeaeeeeaaseeeeeeaeaseeaeeaeeéeeeaeeeeee

.
i

ssecoess  RAMP UP +CURRENT

ACC125: LD A, (COMMAND) 0O:

€¢

T6S'LOSY
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sS

74
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435 O00F6 €8 77 BiIT FORWARD, A 0: FORWARD?

4368 00F8 20 10 JR NZ,ACC125R 0:NOt

a37 '

438 O0OOFA 3E S5E Lo AL NULL 0

439 OOFC 83 ACC125Nt  ADD ALE 0

440 OOFD SF LD E.A 0:

4a1 QOFE 3E 68 LD A, NULL+1O 0;

442 0100 C86 03 ACC12%A: ADD A3 0:CURRENT RAMP

443 0102 32 04 10 LD (MOTOR) ,A

444 0105 88 cp E 0:TEST FOR MAXIMUM CURRENT

445 0106 38 F8 JR C.ACC12%A 0:

446 0108 18 OF JR ACC1258 0:

447 H 0

448 se4ecae RAMP UP =-CURRENT 0:

aa9 t

450 010A 3t S5¢ ACC125R: LD ANULL 0:SUBTRACT CURRENT LIMIT FROM NULL
451 010C 93 su8 E 0;:

452 010D 5F LD E,A 0:

453 O010E 3F %4 LD A NULL-10 0

454 0110 06 03 ACC125S: suB 3 0:CURRENT RAMP

455 0112 32 04 10 Lo (MOTOR) , A 0

458 0115 88 crp E 0:TEST FOR MAXIMUM CURRENT

457 0116 30 FB JR NC,ACC125S 0:

asg 1

459 H

460 esedensees HOLD CURRENT TILL VELOCITY « 8% 1IPS

a6t 018 0D 21 24 01 ACC12%8B° LD ix,ACC125C 0:LOAD VELOCITY INTERRUPT ADDRESS
462 011C 31 00 40 LD SP,SSTACK 0; REFRESH SSTACK POINTER
463 Ot1F 3A 02 10 LD A, (VELOCITY) 0: CLEAR ANY PENDING INTERRUPT
464 0122 8B El 0;

465 0123 176 HALT 0

166 1 0:

467 0124 3A 0OV {10 ACC12%C! Lo A, {(VELMSB) 0:1L00K FOR YELOCITY COUNT < 200H
468 0127 E6 OF AND MASK 0

469 0129 FE O [ 1 0:

470 0128 28 15 JR Z,ACCI125E 0;

471 0120 FE 00 ce 0 03

472 012F 28 3aC JR Z,ACC125J 0:

4,3 013t 3A 05 10 LD A, (COMMAND) 0:

474 0..1 CB 7F BIT GO, A 0:TEST GO FOR SHORT GO Up

47% 0136 . 08 JR Z,ACC125D

478 0138 CB 77 BT FORWARD, A

477 013A CA 58 02 Jp 2, EXITGOF

478 0130 C3 5F 02 JP EXITGORY

479 0140 FB ACC125D! EI

as0 0141t 76 HALT

491 H

482 0142 3A 02 10 ACCta2stE: LD A,{VELOCITY) SYNC TO VELOCITY COUNT 180H -~
483 0145 FE FO cp OFOH

4ap4a 0t47 30 F7 JR NC,ACC125D

485 0149 06 60 sus 60H

46 0148 38 04 JrR C,ACC125G

4g7 0140 D6 08 ACC125F: 5uUB 8 DELAY .%9 USEC FOR EACH COUNT OF VELOCITY £
488 O0t14F 30 FC JR NC,ACC125F {4.8 USEC PER LDOP)

97



€9

09

§S

489
499
491

492
493
494
495
498
497
498
499
500
5014

502
503
504
505
508
507
508
509
510
511
512
513
514
515
518
517
518
519
520
521
522
523
524
525
526

528
529
530

531
532

533

535
536
537
538
539
540
541
542
543

0151

0154
0156
0159
0158

C15SE
015F
0161
0162
0165
0166
0167
0169
0168

01860
0170
0172

0175
0178
0177

0178
0179
017A
0178
0170
0180

0101
0183
0186
0t18A
018D

018E
ot18Ff

0191

0194
0195

0197
0198

3A
[:}
c2

TE
E8

05
77
a7
TF
58
04

04

AB
o8
0s

77
44

10

04

02

10

10

04

i0

80
97
10

01

¢
H

esecdege

ACC125G:

ACCH!S:

:
ACC125H!?

g

CC1254:

éTtZSF!

i
ST125FA¢

1
'
}
csec0eee

!
ST125F 11

RAMP DOWN CURRENT

[ A, (COMMAND)

BIT FORYARD,A FORWARD MOTION?
Jue NZ ,ACC12ST

BIT GO, A

JpP NZ,EXITGOF?

LD AE RAMP CURRENT DOWN
suBg a

LD E.A

Lo (MOTOR) ,A

NOP

NOP

cp 168 LOOK FOR RAMP END POINT
JR NC,ACC125H

JR ST125F

LD A, (COMMAND)
81T  FORWARD,A
Jp NZ,5T125R

INfTIALIZE REQISTER BANK 1 REGISTERS

LD A,B 0;SET FORWARD TRIW

EXRX 13

LD C,A i3

£XX 0

Lo AE 0; RAMP CURRENT DOWN

EXX |

sus 3 1

Lo (MOTOR} ,A 13

LD E,A i

LD 0, .HIGH. (TABLE]) (3SET PAGE POINTER

LD HL, 09001 H t;INITIALIZE 1/0 POINTER TO VELOCITY INPUT
LD I1X,ST125F1 1 .
Lo A, (VELOCITY) 1: C.EAR PENDING INTERRUPT

El 1

Lo ALE 1

5u8 1 1:WAlT FOR NEXT TACH LINE

LD (MOTOR) ,A 1

LD E.A 13

JR ST125FA 14

USE LOOK-UP TABLES TO ACCELERATE TO 1138 1PS (1/2 GAIN)

Lo A, (HL)

1:L0AD VELOCITY COUNT #MSB
AND MASK 12

o LT
65 LOS Y

8¢
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09

sS

sa4
545
546
547
548
549
550
5514
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
5714
572
573
574
575
576
577
578
579
580
591

584
585

591
592
593
594
595
598
597

Q19A
019C
019F
0141
01A4
01AS
01A6
0t1A8
CG1AA
01AC
01AE
O1AF
0180
0181
o184
0186
0189
018C
018F
o1C1t
01C4
01CS

01C8
ot1Cc?
01C8
01CA
of1cc
01co
Q1CE
Q1ICF
0100
0102
0103
0104
0105
0106

0107

0108

0109
0108

010E
PARS]
01€]
01E4

01ES
01€7
AR ]
O1EA
AR ]

FE
CA
FE
c2
2C
7€
cs
[0 :)
cs8
Cc6
SF
1A
81
32
2E
31
3A
3A
ce
c2
F8
76

2C
7€
FE
]
2F
23
17
2F
c8
5F
1A
Bt
2C
17

2C¢
TE
cs

00
c6
0t
L]

04
3]
00
02
05
7F
57

cD
19

3F

TF

01
01

10
490
10
10

02

C2 57 o2

k)
2E
F8
78

i8
79
Pl
aF
2€

00
o1

80
8F
02

40

ST125F1A:

!
}
ST125F2!

i
ST125F3:

cp

cp
up
INC

SAL
SRL
SRL
ADD
LD

Lo

ADD

LD
Lo
Lo
Lo
BIT
P
El
HALT

BIT

HALT

Lo
Lo
5u8
LD
Lo

1]
Z,5T125F2
1

(YELOCITY > 96 1PS?

NZ,ST128F1A ;

L :COMPUTE LOOK-UP TABLE ADDRESS

A, (VELOCITY) 1
A, (COMMAND) 1

CLEAR INTERRUPT FLIP-FLQP

1
t:
[
[
1
A, (HU) 1
A 1
A s
A 1
A, LOW.(TABLE3) 1:
E.A 13
:.éDE) 1 LOOK-UP DESIRED CURRENT
. 1
(MOTOR) A 1;0UTPUT CURRENT
L,? 11
SP,SSTACK 1

GO, A
NZ,EXITGOF
L
A, (HL) 1;LOAD VELOCITY COUNT
20% 1:TEST FOR END OF LOOK-UP TABLE
C,5T125F) 13
1; COMPLEMENT SPEED COUNT
HL t1POINT TO VELOCITY QUTPUT REGISTER
(HL),A 1:0UTPUT VELOCITY COUNT TO SEQUENCER
1
A 1:DIVIDE BY 2
€.A 11SET UP LOOK-UP TABLE ADDRESS
A, (DE) 1
A.C 13
L t;POINT 7O MOTOR
(HL),A 1;0UTPUT CURRENT TO MOTOR
1
L 1;POINT 1O COMMAND REGISTER
A, (HL) L]
GO, A 1:GO COMMAND?

NZ,EXITGOF  1:NO}
1

EP;SSYACK L REFRESH SSTACK POINTER
f 1
e
1
13 :
E.éNTEGR 1:INITIALIZE INTEGRATOR
' 1
éQ: 1ADJUST OFFSET FOR 1 AMP RUNNING CURRENT
. 13
L.2 1:POINT TO VELOCITY REGISTER

oo 6¢
65 LOS Y

o€



§9

09

99

644
645
646
647
648
649
650
651

01ED
O1F 1
0tFi

0213
0213
0215
0216
0218
0219

uD 2t F1 0t

2C

E6
20

31

81

co

00
02

c4

03

02

a0
80

o

490

Lo

IX,RUNT25F

t:SET FORWARD MDTION ROUTINE

eeeeeeeeeeeeaeaeeeeeeaeeeoeeaeeaeeeaaeeeeeaeeeeaeeeaaeaeeeee

e
®
® NOTE:®
@

L]

RUN 125 1PS FORWARD @
integrator set for 128 TACH L]

12 masec (0.7

tnch or 4K record &

aese969996.033895“03969666GOQQOOGOOQQGQGQO“Geaeeeeeaéeaeéé

§
RUNT25F 1

CET RN 2]

.
¥

aggddeee

.
H

RUNT25F0!

H
RUN125F Y ¢

LD
cPL
INC
LD
cpL
LD
ADD
JR
INC
LD

A, (HL)

L
(HL) A

E.A

A,C

NC, ERROR
L

(HL) A

1:L0AD VELOCITY COUNT / CLEAR INTERRUPT FLI

1; COMPLEMENT SPEED COUNTY

1;POINT TO VELDCITY OUTPUT REGISTER (VELTES

{3 OUT VELOCITY COUNT TO SEQUENCER

1
11ADD TRIRM
13 TEST FOR SPEED OUT OF LIRMITS

1;0UTPUT ACCELERATE COMMAND

TEST COWMANDS (EVERY TACH LINE)

INC
Lo
AND
JR

Lo
Lo

TRIM

L

A, (HL)

0COH
NZ,EXIT125F

SP,SSTACH
L,2

AE
1986
C,RUNT25F2
Z,RUN125F0

D
2, RUNT12SF Y

D, INTEGR

c

A,08BOH

c
NC,RUN125FA

13 POINT TO COMMAND REGISTER

1; LOAD COWMMAND BITS

13 TEST FOR STOP OR REVERSE COWMANDS
13

RESET SSTACK POINTER
{1RESET 1/0 POINTER

INTEGRATION ROUTINE

1;TEST COUNY FOR ERROR

1 ;NEGATIVE ERROR
1 ZERO ERROR

t; INCREMENT INTEGRATOR (CAPSTAN SLOW)
{;ADJUST TRIM IF COUNTER OVERFLOW

t:reset integrator
13 INCREMENT TRIM REGISTER

t:TEST UPPER LIMIT OF TRIM

(3]
=

T6S‘LOSY
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652 0218 AF LD C.A
653 02tC Ff8 RUN12%FA: EI 1
654 02%D 78 HALT 1
655 H
6568 O021E 1% RUN12%F2: DEC o] 1 ;DECREMENT INTEGRATOR (CAPSTAN FAST)
657 021F 28 02 JR Z,RUN125F) 1
658 0221 FB El [
659 0222 76 HALT 1
660 ' 1
661 0223 RUN125F3:
662 0223 16 80 LD D. INTEGR 1! reset integrator
663 0225 00O DEC Cc 1 ;DECREMENT TRIM REGISTER
664 0226 3€ 70 LD A,TOM 1!
665 0228 B9 cp C 13
666 0229 38 O0f JR C,RUNT25%F4 1;TEST LOWER TRIM LIMIT
667 0228 AF Lo C.A 1
668 022C F® RUNY2SF4: E1 1
669 022D 76 HALT 13
570 '
671 H
672 seesesse EXIT RUN ROUTINE
673 H
674 022E F3 EXIT125F: DI
675 ©022F 79 LD A,C 1
678 0230 C6 BF ADO A, 191 1 :CONVERT TO D/A OFFSET (ADD VELOCITY TARG
677 0232 D9 EXX 0;
678 0233 47 LD B.A 0; SAVE NEW D/A OFFSET FOR +125 1IPS
679 l 0:
680 0234 3E 02 Lo A2 0;01SABLE NMI,TURN LED OFF ,RES.CAPS.PARKED
6A1 0236 32 06 10 LD (CONTROL) . A 0
682 0239 3A 05 10 LD A, (COMMAND)
6013 023C CB S5F atr HP A test for HP card present
6n4 023E 3E 10 LD A, NULL-MAXSTP SET MAXIMUM DECELERATE CURRENT
685 0240 28 02 JR 2 ,NOHP
686 0242 D6 OA sus 10 increase stopping current for HP
687 0244 NOHP !
6A8 0244 232 04 10 LD (MOTOR) ,A 0
689 H 0:'
690 0247 {16 00 LD 0,0 0:SET FOWARD STOP FLAG
691 0243 18 18 JR STOP12S 0
692 H
693 1
694 seeenens OVERS"EED/UNDERSbEE A
695 0248 09 ERROR! EXX D.F utt
696 024C 3A 01 10 N A (v 1:SELECT REGISTER BANK 0
697 024F €6 OF - (VELMSB)  o0;

AND MASK 0:
698 0251 €2 66 00 Jp N .
699 0254 C3 03 00 Z,GOINT 0:UNDER SPEED EXIT

upP START 0:0VER SPEED EXIT
701
702

703



§9
09
sS

704 . $0VSLHS VLG LANL AL RORBEAAE 0P L0 QYL BCARCEASBRRLRCROLeRARTRS

705 A0 22338AVUVVAVEGEVSEA0Beeed0staRVARIGtedaQeVBLBTedRGETD
706 ° s
707 ° STOP ®
708 s | e —— e ——— } &
709 @ I NOTE: uniesa otherwise noted STOP routine | °
710 @ ! uses register bank-0 ! s
AR ® IRt el e et D e D LD D L D L e 1 ®
712 s e
7‘3 et as0edddedsdeeoaddfgded et da Aottt dstadddovdoeedote
714 YELENY NS A NREFRE-FNEARREFEEEYFENNESEEFFEEREN-TR-RN-2--R-R-R-1-0-2-1-2-2-R-2-3-3
715 H

718 H

77 seassess  MAINTAIN MAXIMUM DECELERATION 1O 55 1PS

718 H

719 & EXITGO ENTRIES FROM A SHORT GO-UP TIME

720 H

721 0257 09 EXITGOF: EXX 03

722 0258 3E 20 EXITGOFt: LD A, HULL-(MAXSTP-18)

723 02%A 18 Q0 LD D,0

724 025C 18 05 JR EXITGO

729 H

726 025E D9 EXITGOR: EXX 0t

727 025F 3€ SC EXITGOR1t LD A, NULL+(MARSTP-16)

728 026¢ i 0t LD D,t

729 0263 32 04 10 EXITGO: Lp {MOTOR) ,A

730 4

73t LR RN N-3-N-1

732 @

733 0268 1E 00 STOP125: LD £,0 INITIALIZE COUNTER

734 0268 FD 21 00 10 Lo Iv,POSITION index to /0 ports

735 H

738 026C 1C STOP12SA: INC 3

737 0260 FD 7€ 02 LD A, {1Y+vLSB)

738 0270 2F CPL sent velocity to “A®-bug

739 0271 FD 77 03 Lo (1Y4VSEQ),A

740 0274 fD CB 0% 7€ 817 GO, (1Y+CMD) command to starl capstan set?
741 0278 20 1D JR NZ,STOP1258 NOI

742 H

743 027A (€8 42 BIT STOPDIR,D EXIT VIA RAMP { IF REVERSE MOTiui
744 027C 20 SA JR NZ ,RAMP{ (STOP DIRECTIOM FLAG IS BIT O Or '°'3
745 H

746 027€ 78 LD A€ EXIT VIA RAMP O IF STOP < 100 USEC
747 Q27F FE 04 cp 4

748 0281 JE 38 L0 A,NULL-35 SET START POINT FOR RAMP

749 0283 38 46 JR C,RAMPOO

750 H

75t 0285 78 LD AE EXIT VIA RAMP O IF STOP » 300 USEC
752 0286 F& OF cp 15

753 0288 30 3F JR NC, RAMPO

754 H

7584 028A S3E 22 LD A, NULL-80 EXIT VIA RAMP 2 IF STOP BETWEEM 100-300 USE
758 028C (C8 01 RARMP2: ADD At

757 02BE 32 04 10 Lo (MOTOR) , A

s¢
T6SLOSY

9¢



s9

09

99

758

759
760
761

762

763
164
765
766
767
7658
769
770
T7%

772
773
774
175
778
777
778
779
780
781

792
783
784
785
786
787
7088
789

791
792
793
7094
795
798
797
798
799
800
a0
802
803
804
805
806
807
808
809
AR
an
812

0291
0293
0295

0297
0297
029A
0290
029F
02A1
0243
02A5

02A8
02AC
Q2AF
0282

0284
0286
0288

028BA
02BA
028BE

02co
02C2
02C3

02cs
02C7

02C9
02C8
02C0
0200
0202
0203
0204

0208

0208
02DA

FE
38
18

FD
FD
20
(1]
28
FE
c2

FOD
FO
FO
20

c6
30
k13

FO
28

cs
00
30

cs
20

3E
Cce
32
FE
00
o0
38
10

3€E
D6

56
F7
ac

TE
BE
FB
OF
c9
01
EJ

39
7€
BE
FB

80
02
FF

cs
0s

OE
FS

42
OF

18
03
04
56

FS
08

A4
03

01
0t

02

03 00
02
02

0s TE

10

sTopP12%58:

[ ]
[(EA 2R NS 2R A
[ ]
]
.
]
(AR R R X2 2}
L]

STOP125C!:

1
STOP125E!

cp NuLL-8
JR C.RAMPQ
JR STOP125F

Lo A, (1Y+vMsB)

cp {1Y+YMS8)
JR NZ,5TOP1258
AND  MASK

JR Z,.STOP12SA
cp 1
JP NZ ,STOP125F

VERIFY INPUT

loop ti111l velocity € 97ips (count <100h)

INVALID STOP

Entry for velocity < 97ips
took about 500usec to deaccelerate

Lo (1Y+VSEQ),0
Lo A,{IYy+vLSB)
cp (1y+v¥LS58B)

JR NZ,5T0P125C

ADD A,BOH
JR NC,STOP125E
Lo A,OFFH

BT GO, (1Y+CMD)

JR Z,RAMP
ADD A, 14
NOP

JR NC,STOP125¢

81T STOPDIR,D
JR NZ ,RAMP{

(R EEE R YR}

.

.
RAMPQ
RAMPOO!

!
RAMP 1
RAMP 1

200usec ramp

L0 A NULL-TO

ADD A,3

LD (MOTOR) ,A
cp NyLL-8
NOP

NOP

JR C,RAMPOO
JR 510P125F

Lo A NULL+TO
sve 3

set sequencer

VERIFY INPUT

'A'~bus =0

SET UP DELAY COUNT

ADD 128

NO DELAY

GO COMMAND?
YES!

delay to approx B83ips

STOP DIRECTION FLAQ ON?

SET STARTING POINT FOR RAMP

. LE
766 LOS ¥

8¢



€9

09

¢

020C
020F
02€1

02€E3
02€3

‘02E7

02¢€8
02€EF
02F2
02Fa

02F8
02F6
02F9
02FC

02FE
02FF

0301
0302
0304

0305
0307

0309

0309
030C
030F
Q311
0313

32 04 10

FE
30

FOD
FD
FD
c2

1€

FO
FO
20

SF

88
F7

a8
38
3a
48
0o
7€

F8

47

44

70
13y

7€
BE
FB8
OF

04 SE
08 03

05 58
00

00

LA
01

LD
cp
JR

LE--F-2E-R-0-2-1-3

® @ 0 T D DT OGO D W

-]
aedo2609¢e

(MOTOR),A
NULL48
NC,RAMP1 §

i# 18G enabled
gset motor current = null
while

(position count) < 128
1¢ t.2msec timeout
enter STOPLOCK
1f position counter indicates a direction change
enter STOPLOCHK
foop

then compute STOP_PULSE
then STOPLOCK
else goto IDLE

STOP125F:
LD (1V4MOTR) NULL .
e ENABLE NMI,TURN LED OFF,RES CAPS.PARKED
Lo {1Y4CONT) ,NOLEDNMI
817 IBGCNTR, (1Y+CMD)
JP NZ ,PREIDLE exit {f IBG COUNTER disabeled
Lo D,75 STARY COUNT
LD E,0DOH set t.2msec timer
i
STOP125H:
LD A, (IY+POSTN)
cpP (1Y+POSTN) VERIFY STABLE INPUT
JR NZ,STOP125H
H
INC E TEST TIME LIMIT
JR Z,ST0PLOCK
ce ] TEST FOR directlon change
JR C,STOPLOCK
LD DA save 'last’' position
cp 128 position = 1257
JR C,STOP125H #AIT LOOP
[EE TN E-N-2-N-NJ
L]
e COMPUTE AND OUTPUT .7 MSEC STOP PULSE
a
sseeeavedde
STOP125L:
¢ ASSEMBLE THE 5 MSB O VELOCITY COUNT
LD A, {1Y+VMSB)
cp (1Y+VMSB)
JR NZ,STOP125L
AND MASK {EACH BIT = 128 COUNTS)
LD E.A

6¢
T6S°LOSY
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868
a69
870
871

872
a73
874
87?%
876
B77
878
879
880
881

882
8n3
884
885
8nR6
887
888
889
890
Bat

ga2
893

895
896
897
gog
B899
o900
agt
902
903
904
o205
908
907
908
909
910
AR

912
wil
914
915
918
917

918
919
920
Q21

0314
0317
031A
031C
0310
031F
032¢
0323
0324
0326
0328
0329
0328
032C
032C
0330
03
0333
0335
0337
0339
033A
033C
033€
0340

0343
0345
03486

7€ 02
BE 02
Fo
13
BS

ca
04

07

c8 03 78

09
3F
3A
JA

LY
a4
SE
04 10
AO

FO

STOPL1Y Lo A, (1YsvLSB)

ce {1Y4VLSB)

JR NZ,STOPL!
RLA : MULTIPLY BY 2
RL E
L0 D.8 DEFAULT CURRENTY
L0 A..LOW.(PULSETBL) COMPUTE LOOK-UP TABLE ADDRESS
ADD ALE
cp .LOW. (PULSETBL+1S) TEST FOR END OF TABLE
JR NC,STOP125M
L0 LA
LD H, .HIGH. (PULSETBL)
LD D, (HL) LOOK-UP PULSE CURRENT

STOP125M:
BIT FORWARD, (1Y4CMD) FORWARD MOTION?
LD A,D
JR Z.5TOP12SN YES!
SRL A NO1 USE 3/4 GAIN FOR REVERSE STOP
SRL o)
SRL 0
ADD A,D
NEG

STOP125N: NEG
400 A, NULL

LD {MOTOR) , A QUTPUT CURRENT TO MOTOR
'

Lo A,180
5T0P125P: DEC A TIME DUT (.7 MSEC)

JR N7 ,STOP12SP

"..........‘..'l"‘...‘..'..‘..‘......‘.“‘0."‘..“‘..0.‘.
........‘O'....‘.Q...“..‘l.'.t"““!...‘...'.‘..‘.‘.......

* .
* STOP-LDCK: MAINTAINS 1BG COUNT AT:12% .
. : .

O'.‘..“.."....00‘.“‘.C.“.....‘........‘...“‘.....“O‘..

.‘...0.0.......“0‘.“.."C.""-.“‘...‘......‘.‘...“.‘..'

. COMPUTE real_nutt
}
STOPLOCK!
Lo ALl
BT NULLPOL, A
JR N2 ,SPLKOA
AND ™
NEG
ADD A, NULL add negative bias
JR STPLOCK
SPLKOA! AND 7H
ADD A NutLL add positive bias
STPLOCK! LD (MOTOR} , A
EX AF  AF' save real_nut!

!
Lo A, (COMMAND )

1y
T65°LOS*Y
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922
923

925
926
927
928
929
930
931
932

934
935
936
937
938
939
940
94t

969
970
971
972
973
974
975
978

0361
0363
0366

0368

0368
036D
036F

0370
0370
0371

0372

0374
0374
0378
0378
037C
0237F
037F
0382
0385
0387
0389

0388
038C
0380
038E

0391
0391
Q394
0397
0399
0398

0390

ES
JE
32
cB

09

oe
87

2E

i8
78
B2
ca

FD
FO
20
FE
28
30

24
07
1}

7C
ot

70

TF

7€
;14
[}
70
07
39

60

10

00 t0
03

10

00
00

03

00
00

[7. R
-
A
-

“s 0 0O O 2 H O B v we =

STOPLCK:
LD

5pP0OS2:

&
o
e
SPLKIH!

AND
LD
Lo
817

JR
EXX

EX

Lo

24H

NZ, IDLE

A7
(CONTROL} ,A

BANK , H
2,5TP¢

AF  AF'
H,A

L,7DH

TEST FOR -READY AND 18G ENABLED
ENABLE NM1 INPUT: TURN OFF TEST LARP
SEY CAPSTAN PARKED B17

REGISTER BANM ZERO?
YES!
NO!ISELECT REGISTER BANK 0

restore real_null
‘Hf-reg = real_null

seed 'LAST POSIVION® storage reg

BeS9040eR 4B Y200 Bedd0RE008A¢ea00C6820RGSRE0RAGRS |

STOP LOCK POSITION SERVO
STOP-LOCK (TARGET
uses register bank-0

20msec timert!

Iv,POSITION

LD
cp
JR

JR

CO#MPUTE CORRECTION

DE, 1000
A,H
(MOTOR) ,A

A, (IV+POSTN)
{1Y+POSTN)
NZ ,SPOS2
STOPDIST
NZ,SPLKIH

DE

AE

D

NZ ,SPOS2

A, (1Y+POSTN)
(1Y+POSTN)
NZ ,SPLHIH
STOPDIST
Z,STOPLCK
NC,PASTSTPH

= 7DH)

2
@
L]
NOTE...no test of command !ines during this ¢
a
L]

B2V EL LB CL 008 EVERA0RESEYNQORRNTRQEREV G OCEUCANS

SET COUNTER (USED FOR PULSE, DELAY, VELOCIT
NULL CURRENT TO MOTOR

does current position = target posttion
JUMP TO QUTPUT ROUTINE IF DIFFERENT

AFTER 4000 TESTS RUN CURRENT CUTPUT

complete 20msec deley

CURRENT

determine which side of target position
do snother delay if position = 125
current position > target position (128)

e

T6S°LOS Y
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09

99

977

993
994

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031

BD
6F
el:}
D6
ED
FE
30

1t
83

1A

08
ED
FE
3o

11
83
SF
1A
FE
38
JE
5F
JA
cB
78
28
ED
L}
32
18

BD
6F
30
[21:]
FE
30

1
a3
5F
1A

18

10
70
44
10
08

cs

0E

70
a4
10
06

cS

02
a4

04
33

0€E
70
10

08
Cs

ocC

07

07

10

10

07

SPLKIHIAL

SPLK1H1?

i
SPLK3H:

SPLK3HtA?

SPLKAM!

SPLKSH!

SPLKEH:

(A AR XN Y ]

.
L]
PASTSTPH:

PSTSTPiA:

PASTSTPY:

els® current posttion < target position

cp L COMPARE 1O LAST POSITION
LD L, A SAVE NEW POSITION

JR C,SPLK3H VELOCITY TOWARDS ZERO PQSITION
suB STOPDIST

NEG

ce 18 POS COUNT DIFFERENCE =< 187
JR NC,SPLKIH1 NO

8)) DE,STLCKTBL

ADD AE

D €.A

LD A, (DE) FETCH TABLE VALUE

JR SPLKAH

suB STOPDIST

NEG

cp 16 POS COUNT DIFFERENCE =< 187
JR NC,SPLK4H NOT

Lo DE,STLCKTBL

ADD AE

LD E.A

LD A, {DE) FETCY TABLE VALUE

cp MAX TEST FOR CURRENT LIMIT

JR C,SPLKSH

LD A, MAX

L0 E.A

Lo A, (COMMAND} POINT TO COMMAND REGISTER
BIT FORWARD, A FORWARD MOTION?

LD ALE

JR 2,S5PLKEH YES!

NEG NO!NEGATE ERROR FOR REVERSE COMMAND
ADD A H ADD DO/A OFFSET

LD (MOTOR) ,A MOTOR CURRENT = POSITION ERROR

JR SPLKTIME

PAST STOP POINT (POSITION > 125)

cp L

LD L.A SAVE NEW POSITION

JR NC,S5PLKTH

sus STOPODIST

cp 16 POS COUNT DIFFERENCE =< 187
JR NC,PASTSTPt NOI

Lo DE,STLCKTBL

ADD ALE

LD E.A

Lo A, (DE) FETCH TABLE VALUE

JR SPLKEH

sY
T6S°LOS Y
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0s

1032
1033
1034
1035
1036
1037
1038
1039
1040
1041

1042
1043
1044
1045
1046
1047
1048
{1049
1050
1051

1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1007
1068
1069
1070
10714

1072
1073
1074
1075
1076
1077
1078
1079
1080
1081

1082
1083
1084

1085
1086

03EA
03eC
03EE
03FQ
03F0
03F3
03F4
03FS
03F8
03f8B
03FA
Q3FC
03F0D
0400
0402
0403
0405
0407
0408

0408

040D
040€

0410
0413
0415
0418
04 1A

041D
0410
0420
0423
0425
0426
0427
0428

0429

0428
0428
0a2C
042F
0431
0432

7C -

32
1E
10
20

5%
02
55

05
77

02
44

04

18
05
68
24
3A
7€

FB

E2

04
80

FO

07

10

i0

10
00

00

00
00

10

SPLKTH:

SPLKTHIA:

SPLKBH!

SPLHOH!

SPLKAH?

ER-E-R-A-8 X4
a8

éPLHTl%E!

SPLKTME

|
sras4

STMDEAD!

RDELAY!?

sug

STOPDISY
16 POS COUNT DIFFERENCE =< 187
NC, SPLKBM NOt

DE,STLCHTBL

A.E

E.A

A, (DE) FETCH TABLE VALUE

MAX TEST FOR CURRENT LIMIT
C,SPLKSH

A, MAX

E.A

A, (COMMAND)
FORWARD, A
AE
NZ,SPLKAH NO1

FORWARD MOTIONT?

A.H

(MOTOR) ,A MOTOR CURRENT = POSITION ERROR

TIME OUT MAXIMUM CURRENT PULSE
delay = aprox 650usec

Lo

DEC
JR

Lo
B1T
JP
AND
JP

LD
Lr
JR
cp
NOP
NOP
NOP
JpP

JR

set

Lo
L0
LD
DEC
JR

E,14H PRESET DELAY COUNTER
E

Z,5TMDEAD

A, (COMMAND)

GO.A GO CONMMAND?

Z.GOINT YES!I

024H NOITEST RADY, [BG

NZ,PREIDLE

A,(1Y+POSTN) has position changed
(1Y+POSTN)

k2 .5P0S4

L

NZ,SPLKIH

SPLKTMY LOOP UNTILL PULSE 1S TIRMED OUT

100 usec dead time between current pulses
to give motor time to move and not over-correct

AH
(MOTOR) ,A
E,BOH

E
NZ,XDELAY

‘ L¥
765°L0S

8v
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09

139

1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1118
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1124
1135
11386
1137
1138
1139
1140
1144

0434

0437
0438
043A
0438
043E
043F
0440
0442

0444
0aas
0448

Q447
odas
0aa9
04aa
oaac
oaar

0450
0452
0455
0459
045C
045D
04a5¢€
0460
0463
0464
0468

0468
0467
0469
0468
046E
0a71
0474
0477

C3 74 03

78
cs
5F
32
00
00
FE
kl:]

7€
ES
FE
CA
3t
3A
3A
cB

04

04

14
F3

0A
04

07
01
21
02

02
04

F7

oF
00
7€
0o
02
05
TF

10

10

10

10

10

04
40
10
10

04

*® 0 -0

Jp

STOPLCK

PHCAGASLECIRENERLIENREEE¢R4EotedtORsutttnttnitnsqenttendtane

REVERSE STARTY .

SRRV LA ACECR AN C SRR RCARERNAEERNLIRCCANERNSRININCSARNdRRORARDRA

v
.
.
'
tedtoeN

ACC125T:

(IR R}

}
ST125R!

-

ST125R21

tesRsee N

ST125R11

RAMP CURRENT DOWN

LD
ADD
LD
Lo
NOP
NOP
crp
JR

ALE
ALa
E.A
{MOTOR) , A

20
C,ACC12%7

RAMP CURRENT OOWN

INITIALIZE REGISTER BANK 1t REGISTERS

LD
ExX
LD

EXX
Lo
EXX
ADO
LD
Lo

Lo
Lo
Lo
LD
El
Lo
ADD
Lo
LD
JR

A,C

C.A

ALE

A 10
(MOTOR) ,A
E.A

SET FORWARD TRIM
1
1

--—— . OO

D, . HIGH, (TABLEY) 1;SET PAGE POINTER

HL, VELMSB
IX,ST125R1
A,(VELOCITY)

A E

A,2
(MOTOR} , A
E.A
ST125R2Z

USE LOOK-UP TABLES

Lo
AND
cp
JpP
Lo
Lo
Lo
BIT

A, {HL)

MASK

0

2,ST125R2
SP,SSTACK

A, (VELOCITY)
A, (COMMAND)
GO, A

INITIALIZE 1/0 POINTER TO VELOCITY INPUT

1
1
1
1
1
|
1
!
t

TO ACCELERATE 7O 115 1PS
11 LOAD VELDCITY COUNT MS8
1

fIVELOCITY > 98 IPS?

1
1

1
1
1

‘ 6v
65°L0SY
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1142 0479 C2 5& 02 Jp NZ,ERITGOR

1
1143 047C FB Ef 1
1144 0470 76 HALY L]
1145 H
{146 i
1i47 047€ 2C ST125R2! INC L

1148 O047F 7% LD A, (HL) i: LOAD VELOCITY COUNT
1149 0480 2F cPL 1 ;COMPLEMENT SPEED COUNTY
1150 o©04B1 23 INC HL 11
115¢ 0482 77 LD (HL),A 1:{0UTPUT VELOCITY COUNT 7O SEQUENCER
1152 0463 2F cPL 1;
1153 0484 FE COD cp 208 13 tF END OF LOOK-UP TABLE
1154 0486 DA A0 04 JP C,ST125R3 13
1155 0489 CB 3F SRL A 1:DIVIDE BY 2
1156 0488 SF LD E,A 1;SET UP LOOK-UP TABLE ADORESS
1157 048C 1A LD A,(DE) 1
1158 048D ED 44 NEG 13
1159 048F 81 ADD aA,C 13
1160 0490 2C INC L 1
1161 0491 77 LD (HL) A 1;0UTPUYT CURRENT TO ROTOR
1162 H 13 :
1163 0492 2C INC L 1; INPUT COMMAND
1164 0493 7E Lo A, {HL) [R
1165 0494 CB 7F BIT GO, A 1:G0 COMMAND?
1166 0496 C2 SE 02 Jp NZ ,EXITGOR 1:NOt
1167 0493 3% 00 40 LD SP,SSTACK 13
1168 049C 2€ Ot LD L.t i
1169 049E FB El 13
1170 0Q4YF 76 HALT 13
11714 H 13
1172 04A0 16 80 ST125R3: LD D, INTEGR 1 INITIALIZE INTEGRATOR
1173 - 04A2 06 {4 LD 8,20 i3
1174 04A4 2€ 02 LD L,2 13
1175 04A6 OO0 21 AC 04 Lo IR, AUN125R 1:SET FORWARD MOTION ROUTINE
1178 04AA FB El 13
1177 04AB 78 HALT 1
1179  04AC
1180 400 0eERRedadR0008R0Ad¢AGRaA0CR0CLBRSAEeSRRRE00¢OVReARO0RRAY
1181 o o
1192 s RUN 125 [PS REVERSE s
1183 ° a
1184 60800008 0BLERA0C0ANEECR0E0008800GEYd020088ee0RB0GB00CGRTOR0AS
1185 H
1188 04AC 7E RUN12SR: LD A, {HL) 1:LOAD VELOCITY COUNT / CLEAR INTERRUPT FL1
1187 04AD FE 08 cp 155 13
1188 04AF DA 48 02 Jp C.ERROR 11
1189 0482 2F CPL 1 COMPLEMENT SPEED COUNT
1190 0483 2C INC L 1
1191 0484 77 Lo (HL}, A 1;0UTPUT VELOCITY COUNT TGO SEQUENCER
1192 0485 2F CPL 1
1193 04B6 5F LD £.A 1
1194 0487 D6 BF suB 191 1
1195 0489 ED 44 NEG 1
1196 0488 a1 ADD A.C 1;ADD TRIM
[

1197 0a8C 2C INC L

- IS
65 LOS Y
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09

sS

1108
1199
1200
1201
1202
1203
1204
120%
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1218
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1239
1279
1240
1241
1242
1243
1244
124%
1246
1247
1248
1249
1250
1251

0480
04B8E
048E
048BE

04BE
04BF
c4aco
04cC2
Qaca

oace
04cC9
gacs
oacs

04ace
04CD
04acCF
04D0
0402
04p4q

0406
04D7
0409
040DA

0408
04DE
04E0
04E2
044

04ES8
04EA
04eB

Q4EC
04EC
04EE
QatF
04F 1
04F3
0arA4
04fr8
04F7
04FB

04Fr9
OAF A
04FC

77

2C
7€
EE
E6
20

3
2E

10
06
78
bé
kl:)
28

15
28
FB
78

3A
FE
28
FE

28

+1s]
F8
76

18
00
16
3¢
B9
38
4F
F8
76

14
20
Fa

50
co
45

00
02

OE
03

ca

2%
03

13

07
00
F7
FF

F3
1

a0

80
3E

ot

02

40

10

27 0%

sedeesde

-

(AR 2

.
’

RUN125RO!

6un125nc:

§
RUN12SR 11

RUN125RA:

RUN125SR2:

LD

{HL), A

1:'OUTPUT ACCELERATE COMMAND

TEST COMMANDS (EVERY TACH LINE)

INC
(%)
XOR
AND
JR

LD
LD

L

A, (HL)
050H
0COH

NZ ,EXIT125R

SP,55TACK
L.02

1:LOAD COMMAND BITS

1:TEST FOR FORWARD AND REWIND COMMANDS

1:TEST FOR STOP COMMAND
1

(NO REWIND)

LI RESET SSTACK POINTER
1:RESET 1/0 POINTER

TRIM INTEGRATION ROUTINE

DJUNZ
Lo
LD
su8
JR
JR

DEC
JR
el
HALT

Lo
cep
JR
ce

JR

Lo
El
HALT

Lo
DEC
LD
Lo

JR
Lo
Eil
HALT

INC
JR
El

RUN125RC
8.3

AVE

196
C,RUN12%R2
2,RUN125RO

0
Z,RUN125BR1

A, (REWIND)

0
Z,RUN125R0
OFFH

Z,RUN125R0

1X,REWINDR

D, INTEGR

c

D,080H

A, NULL-20H
c
C,RUN12%RA
C.A

]
Z,RUN125R2]

1;UPDATE TRIM INTEGRATOR EVERY 3RO TACH LIN
1: RESEY DELAY COUNTER

11TEST COUNT FOR ERROR

L

1 :NEGATIVE ERROR

1:ZERO ERROR

1: INCREMENT INTEGRATOR {Ln: JTAN SLOW)
1;ADUUST TRIM IF COUNTER OVERFLOw

1:TEST FOR REWIND OFFSET

ACCEPT 'FF' SAME AS '00'

: INCREMENT TRIM REGISTER
tRESET INTEGRATION REGISTER

TEST UPPER LIMIT OF TRIM

:DECREMENT INTEGRATOR

{CAPSTAN FAST)

- . h a s e k- . A

.

4 4 €s
T65°L0SY

14°]
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49

1252
1253
1254
1255
12586
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
127S
1276
1277
1278
1279
1280
1281
1282
1283
1284
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
y 1307

04FD

04FE
O4FE
0500
0501
0503
0505
0506
0508
0509
0504

0508
050C
0500
050E

0SOF
0511
0514
0517
0519
0518
0510
051F
051F

0522
0524
0527

0527
0527
0527
0527
0524A
0528
052C
052€
0530
0532
0534
0537

0539
053C

76

16
ocC
16
k13

Jjo
4F
F8
76

21
7€
BE
20

28
3E
32
19

21
7€

80

-1
7€

01

02
08 10
05 {0
AC
02
04 0

01
86 02

ot 10

1]
RUN125R3:

AUNT25R4:

.
.
+

ER-2-R-N-EN-3-)

EX1T125R:

REVSTOP:

NOHP1:

.
H

D, INTEGR

c

D,080H

A, NULL420H
C

NC ,RUNT125R4
C.A

EXIT RUN ROUTINE

D1
LD
EXR
LD

Lo
Lo
LD
BIT
(D
JR
ADD

Lo

LD
Jp

A.C
C.A

A,2
(CONTROL) , A
A, (COMMAND)
HP, A

A,NULL+MARSTP SET MAXIMUM DECELERATE CURRENT

Z ,NDHP1
A, 10

(MOTOR) ,A

0,1
5T0P123

DECREMENT TRIM REGISTER
RESET INTEGRATION REGISTER

1
LM
1
i3
1: TEST LOWER TRIW LIMIY
1
13
13

SAVE NEW FORWARD TRIR

.
¥
°
v
.
1
’

(=0 =

DISABLE NMI,RESET CAPSTAN PARKED

test for HP card present

increase for HP card

SET REVERSE STOP FLAQ

LR RNy -y LA I LN RN LR - - R--0-2-2-

e
-]
-]
]

REWIND
NOTE: THIS ROUTINE USES REGISTER BANH-{

-]
e
L]
8

R R R N R R T R R R - R

REWINDR:?

REWIND1:

i
REWIND2:

HL,VELMSB
A, (HU)
(ML)
NZ,REHINDR
MASK
Z.REHIND2
A, NULL-20H
(MOTOR) , A
REWINDR

HL,REWIND
A, (HL)

INPUT VELOCITY MSB
VERIFY

MASH SPEED SELECT 817S

(TEST LIMIT

§s

T6S°LOSY

9¢

IF VELOCITY < 98 IPS MAINTAIN START CURRENT

LOAD REWIND SPEED COMMAND
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09

4

!

1308
1309
1310
1311

1312
1313
1314
1315
1318
1317
1318
1319
1320
1321

1322
1323
1324
1325
1328
1327
1328
1329
1330
1331%

1332
1333
1334

1336
13137
1338
1339
1340
t3at
1342
1343
1344
1345
1348
1347
1349
1349
1350
1351
1352
1353
1354
1355
1358
1357
1358
1359
1360
1361
1362
1363

0530
053E
0540
0541
0544
0545
0546
0548
0549
0548
054D
054F
0550
0552

0555
0558
055A
055C
055€
0560
0561
0562

0565

056%
0565
0566
0568
0568
0S6E
0571

8E
20
4aF
21
7€
BE
20
81
38
06
ED
87
Cc8
32

JA
cB
20
cB
20
D9
AF
Cc3

F3
JE
32
32

38

F9
02

FC
€7
44

SE
04

05
TF
04
77
c7

10

10
10

19 0%

00
03
06
04
56

10
10
10

cp (HL) VERIFY STABLE INPUT
JR NZ ,REWIND2
Lo C.A
Lo HL,VELOCITY
REWINDI: LD AL (HL) LOAD VELOCITY COUNT
cp (HL)
JR NZ,REWINDI VERIFY
ADD A,C ADD REWIND OFFSET
JR C.REWIND1 MAINTAIN 1/4 MAX CURRENT [F TOO SLOW
susB 196
NEG COMPUTE MOTOR CURRENT
ADD A A
ADD A NULL
LD (MOTOR) , A
.
LD A, (COMMAND)
BiT GO, A TEST FOR STOP COMMAND
JR NZ ,REWINDX
BIT FORWARD, A TEST FOR FORWARD AND REWIND COMMANDS
JRrR NZ,REWINDR ’
REWINDX EXX 0 switch back to bank~0Q
XOR A set 2-flag

JpP REVSTOP
1
'
ssssesss EXIT REWIND ROUTINE

00000 RS ERNNE RO RRANRAR4 020420 ¢d0adddeestttdsactattatttten

00 ECA ISR EP 2RGS0t 48Rttt eatatdatttttRitestdintaday

. SERVICE ROUTINES «
. -~ yses register bank-0 ~-- .
. L

G006 0080000802004 000RQatttetestdtictetseattdtdsdstesteetindn
Ty e e e N RN R R R R R AR R A R R R R L

B e o o et = = S O A S0 > o o -y - -
e NULLSET:!THIS ROUTINE WiLL FIND AND STORE THE DIFFERENCE »
e BETWEN THE CONVERTER TRUE AND NOMINAL NULLS,AND wWILL .
« BLINK THE TEST LED IF THE TRUE NULL CAN NOT BE .
e« DETERMINED .
e Bit's 3,4 of l-reg set to prevent interrupt MODE-1 vectore
¢ from conflicting with memory /0 ports .
B e o s e o e s o e .
*
seeesssse FIND D/A NULL
NULLSET!
Dl
LD A0
Lo (VELTEST) ,A
LD ({CONTROL) ,A LED..on, NML,.disab, CAPSTAN park bit,..rese
Lo HL  MOTOR
LD (HL) ,NULL~-B set d/a to voltage diff then null

LS

T6S°LOSY

8S
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1364
1365
1366
1367
1368

1369

1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
13886
1387
1388
+389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1408
1407
1a08
1409
1410
1411
1412
1413
1414
1415
1418
1417

0573
0574
0576
0579

0SAC
0SAE

0581
0584
0587
0588

0584

058C

05SBF
05C2
05C4

05CS

3€
32

3Aa
E6
5F

3€

48
56
a8

7A
04

48

5¢&
o8
5€
07
18
47
o8

5€
07

47

38
02

FD

02
08

kl:]
01

FD

00
08

(2]
OF

72

0s

50
00

i0

S0
0o

10
io

INCRULL:

!
NULLPOS:

:
LAMPTEST!

DELAY !

I
*

DELAY2:

H
!

sovsasd e
i
FIRSYYAC:

t

sus
AND
OR
Lo

LD
LD
ADD
JR

Lo
LD

LD
LD
ADD
JR

L
POLARITY, (HL)
2, LIGHTOFF error..if not positive

A, NULL-8 SEY MINIMUN ADUUST VALUE

A real_null < 94

102 INC. VALUE EQUAL TO MAXIRUM VALUE?
I, LIGHTOFF ERROR exit

L.4 POINT TO MOTOR

(HL) A NEW VALUE INTO MOTOR

L POINY TO COMMAND REQ

POLARITY, (HL)
NZ, INCNULL
A

B,A set 8= real_nuill

NULL

NC ,NULLPOS real_null >z nominal nultl
A,NULL

8

7

18H real_nutl <94 ,NULL POLARITY=0
1.A INITIALIZE TRIM OFFSETY REGISTER
LAMPYEST

NULL

7 ..only gave 3-bits for nuil-~offset
98H real_nuli > 94 , NULL POLARITYet
1,A NULL OFFSET INTO ! REG.

HL ,~45000 DELAY 250 MSEC

DE,2

HL,DE

NC ,DELAYY

A,LEDNRMIOF TURN OFF TEST LED! NMI DISABLED:PARKED BIY
(CONTROL) , A

HL ,-45000
DE, !
HL , DE
NC,DELAY2

HAIT FOR FIRST TACH LINE (INITIALIZE VELOCITY COUNTER)

Lo
Lo

LD
AND
LD

Lo

A0 DISABLE NHf,TURN LED OM RES CAPS.PARKED

(CONTROL) ,A

A,(VELMSB)
MASK
E.A

A, NULL+20 SET CURRENT 7O OBYAIN FIRSY TACH LINE

6s

T6S‘LOSY
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1418 05C7 32 04 10 LD (MOT0R) , A

1819 H
1420 OSCA  JA 0Ot 40 FT1: Lo A, {YELMSH) WAIT FOR EPO RELAY TO CLOSE

1421 0SCD €6 OF AND  MASK

1422 O0O5CF B8 cp 3

1423 0SD0 CaA CA 0S8 JP Z,FT1

1424 H

1425 0503 78 LD AB load (resl_nui!) to motor

1426 0504 32 04 {0 Lo (MOTOR),A

1427 . set forward and reverse RUN current's
1429 0S5D7 48 Lo c.e reverse

1429 '

1430 0SD8 2% Ot 10 i Lo HL,VELMSB LOAD VELOCITY MSB INPUT

1431 0508 7€ Lo A, (HL)

1432 05DC €6 EQ AND OEOH only look at speed select bits

1433 O0SDE FE CO cp OCOH TEST 1251PS SELECT

1434 0SEQ0 C2 FA 0S JP NZ,LIGHTOFF NO wrong speed setting...>>> ABORT <<<
1435 O0SE3 3JE 02 Lo A ,NOLEDNM] ENABLE NMI, TURN LED OFF,RES,.CAPS.PARKED
1436 0SE5 32 06 10 LD (CONTROL) ,A

1437 .

tays O0S€E8 DO 21 03 00 Lo IX.START 0: interrupts not enabeled yet..but just in
1439 OSEC 31 00 40 LD 5P, SSTACK 0: defalt value

1440 OSEF 26 00 LD H,00 0; SET BIT 7 LOW (REGISTER BANK 0)
144t OSF1t D9 . EXX 1: STLECT REGISTER BANK t

1442 0S5F2 26 80 Lo H, 804 1: SET BIT 7 HIGH (REGISTER BANK 1)
1443 0S5F4 D9 EXX 0: SELECT REGISTER BANK 0

taaa  0SF5 ED %6 M 1 0; SELECT INTERRUPT MODE ¢

1445 O0SF7 C3 4F 00 JpP [OLE 0; -

1446 !

1447 H

1448 0SFA 3¢ 02 LIGHTOFF: D A, LEDNMIOF DISABLE NM1,TURN LED OFF RES.CAPS.PARKED
1449 0SFC 32 06 10 Lo {CONTROL) ,A

1450 O5FF 06 03 LD 8,3 275 MSEC DELAY

145 0601 21 48 717 OFFDLY?! LD Hi{,~35000

1452 0604 t1 02 o0 %) DE.2

1453 0607 19 QFFDLY1: ADD HL, DE

1454 0608 D2 07 08 JP NC,OFFDLY

1455 0608 10 F4q DUNZ OrFDLY

1456 060D 3J€ 00 LD A, 0 TURN LED ON,DISABLE NM1 ,RES.CAPS.PARKED
1457 060F 32 06 10 LD (CONTROL) , A

1458 0612 06 03 LD 8.3 775 MSEC. DELAY

1459 0614 21 48 77 ONDLY: LD HL, -35%000

1460 0617 t1 01 00 LD DEe,

1461 061A 19 ONDLY ! ADD HL, DE

1462 0618 D2 1A 06 up NC,ONDLY Y

1463 9O6G1E 10 F4 DUNZ ONDLY

1464 0620 €3 03 00 JP START

1465 0623

1468 .

1468 0823

1469 0623

19
T65°LOSY

9
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1470
14714
1472
1473
1474
1475
1478
1477
1478
1479
1480
1481
14R2
1483
1484
1485
1486
1487
1488
1489
1490
1401t
1492
1493
1494
1495
14986
{497
t4q8
1499
1500
1501
1502
1503
1504
1505
15086
1507
1508
180y
1510
1511
1512
1513
1514
1518
1518
1517
1518
15419
1520
1521

1522.

1523

0760
0761
0762
0763
0764
0765
0766
0767
0768
0769
076A
0768
076C
0760
076E
076F
0770
Q771
0772
0773
0774
077%
0776
0777
0778
0779
077A
0778
07/C
0770
077E
0T7F
0780
o778t
0781
o761

0781
0782

30
33

0eL0LREC LR dceeedd822add e etedRdSeACe0dBadBetReeTRaERINGD

aatdadd

ABLEY

seadseee
}

!

TABLE3

]
&
6000028008624 000000RG0CARGEBCAO0LBVGVSLLVAGEGSCERABERSNAGER TR
.
i
.
+
@

-]

LOOK-UP TABLES 6
s

VELOCITY CONTROLLED RaMP

ORG 760H FOR COUNT OF 192t OFFSET = 192/2 = 96 = %'
YELOCITY VELOCITY
CURRENT COUNT (1PS)
08 0 192
[o]:] 2 194
[2]:] 3 196
D8 5 tg8
b8 8 200
[3]: ] 2] 202
o8 9 204
[3]:] 11 206
D8 i2 208
D8 14 210
DB i5 212
o8 17 214
[%:] 18 218
[ol:} 20 218
08 21 220
b8 22 222
og 24 224
[»]:) 25 226
o8 27 228
[o: ] 28 230
[o):] 30 232
D8 3 234
o] ] 33 238
o8 34 238
08 36 240
D8 37 242
o8 39 244
[o]: ] 40 246
(L] 42 248
[+]:] 43 250
[o}:} 45 252
o8 46 254
08 47 256
VELOCITY CONTROLLED RAMP -~ COUNT > 258
VELOCITY VELOCITY
CURRENT COUNT (1PS)
0B - 48 100H

[o]:] St 108

o €9
766 LOSY

¥9
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1524
1525
1526
1527
1529
1529
1530
1531

1532
1533
1534
1535
1536
1537
1538
1539
1549
1541

1542
1543
1544
1545
1546
1547
1548
1549
1550
1551

1552
1553
1554
1555
1556
1557
15508
1559
1560
1561
1562
1563
1564
15695
1566
1567
1568
1569
1570
1571

1572
1573
1574

157%
15786
1577

0783
0784
0785
0786
Q787
0788
0789
078A
07088
078C
0780
078E
078BF
0790
0791
0792
0793
0794
0795
0796
0797
0798
0799
079A
0798
079C
0790
079€
Q79F
07A0

07A1

O7Ad
07A2
07A3
07A4
Q745
07A6
07A7
07A8
07A9
07AA
07A8
07AC
07A0
07AE
OTAF

0780
0781
0782

36
39
ac
JF
42
45
48
a8
L13
5%
51
51
51
51
51

51
51
51
5t
52
52
52
52
52
52
52
52
52
52

ABLE2

ACCELERATION CURRENT FOR SHORT GO-DOWN

[o].]
(o]:]
[o]:}
[of: ]
[4:]
[o1:}
[o]:]
vs
[3]: ]

CURRENT
MAX = 8%

00000 Qa

a0

48
52
56
60
64
68

72

82

110
118
120
128
130
138
140
148
150
158
160
168
170
178
180
108
190
198
tAQ
1A8
180
188
1C0o
1co
100
to8
1E0
1€£8
1FO
1F8

YELOCITY
COUNT /32

QI NAANBWAN -Q

VELOCITY

(1PS)
768
368
256
189
153
127
110

96
8s
77
70
64
59
55

51
48
a5

$9
T65°LOSY
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1578 0783 52 [o]:] a2 18 a3

1579 0784 52 08 82 19 40
1580 0785

1581 0785

1582 07BS
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I claim:

1. A magpnetic tape drive comprising:

first and second reels for the supply and take-up of
tape;

a read/write head;

a capstan for moving said tape with respect to said
read/write head;

a motor driving said capstan, _

means for outputting feedback signals indicative of
the actual velocity of the motor; and

means for control of said motor, said means for con-
trol of said motor comprising:

a microprocessor adapted to receive GO and STOP
commands for control of said motor in addition to
said feedback signals indicative of the actual veloc-
ity of said motor, and to generate responsive signals
for control of said motor based on said feedback
signals and said commands, said microprocessor
examining its previous history upon receipt of a
given GO or STOP command so as to determine
which of a plurality of possible predetermined
control signal sequences, each causing differing
maximum rates of change of motor velocity shall
be generated in response to said given GO or
STOP command, whereby excitation of mechani-
cal resonances in said system can be avoided.

2. The drive of claim 1 wherein said means for out-
putting feedback signals further comprises velocity and
position decoder means for supplying said microproces-
sor with digital information relating to the position and
velocity of said capstan at a given time.

3. The system of claim 2 wherein said digital output
signals provided by said microprocessor are converted
in digital-to-analog converter means to an analog signal
used to control the motor driving said capstan.

4. The system of claim 1 wherein said microprocessor
accesses read-only memory means for determination of
proper output signal to be given upon receipt of given
input commands.

5. In a magnetic tape drive of the type comprising a
capstan and capstan motor for accelerating tape in the
vicinity of a read/write head, and comprising micro-
processor means for control of the motion of said cap-
stan, the improvement which comprises:

said microprocessor comprising means for storing
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previously received commands and for examining
the last previous command upon receipt of a newly
input GO or STOP command, and for determining
the maximal rate of change of motor current which
will avoid excitation of mechanical resonance in
said system, and to output one of a plurality of
predetermined sequences of control signals to said
motor in response to said means for determining.

6. The system of claim 5 wherein velocity profiles
corresponding to said predetermined possible courses of
action are stored in read-only memory and said micro-
processor accesses said read-only memory upon receipt
of said input commands.

7. A magnetic tape drive comprising:

spindle and motor means for receiving first and sec-

ond reels of tape and for rotation of the same;

a capstan for controlling the motion of the tape be-

tween said reels;

a capstan motor;

a read/write head for reading and writing data to and

from said tape; and

control means for controlling the capstan motor, said

control means comprising:

means for responding to GO and STOP com-
mands;

means for supplying current to said capstan motor
for control thereof;

means for storing signals representative of the pres-
ent status of the tape drive; and

microprocessor means for generating a sequence of
control signals for controlling said means for
supplying current in response to one of said GO
or STOP commands and in response to the pres-
ent status of said tape drive, such that differing
sequences of control signals are generated by
said microprocessor in response to identical GO
or STOP commands in dependence on the pres-
ent status of said tape drive, and such that the
maximum current supplied to said motor varies
responsive to said differing sequences.

8. The system of claim 7 wherein said sequences of
control signals are stored and are selected by said mi-
croprocessor responsive to said signal representing the
present status of the drive.
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