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ABSTRACT

Positioned at the front of the R.P.I. Mars Roving Vehicle is
an electro-mechanical assembly called the Elevation Scamning Mast. With
associated electronics, it is capable of poanting a lasexr beam anywhere
in three-space below the top of the mast. Photo-detectors mounted on the
nast record any back scattered light returned from the loecal terrain to
the mast. Described in this paper are the electro-mechanical and
electronic systems involved with pointing the laser beam along the desired
vector. The system makes use of a rotating B-sided mirror, driven by a
phase-locked DC motor servo system, and monitored by a precision optical
shaft enceder. This upper assembly is then rotated about an orthogomal
axis to allow scanming into all 360° around the vehicle. This axis is
also driven by a phase—locked DC motor servo—-system, and monitored with an
optical shaft encoder. The electronics are realized in standard TTL inte-
grated circuits with UV-erasable proms used to store desired coordinates of
lagser fire. Related topics such as the interface to the existing test

vehicle at R.P.1. are discussed.



1. INTRODUCTION

The Mars Rover Project was begun at R.P.I. in 1972. Under a NASA
grant several students began working in various directions on concepts for
an unmanned vehicle which would be capable of exploring the surface of Mars.
In early vehicle designs much emphasis was placed on mechanical aspects
such as folding to fit in a capsule, wheel design, and maneuverability. Later
goals were to develop a vehicle with remote control capability via a
“command" R.F. link , and to return vehicle state data to an off-board com-
puter via a "telemetry'" R.F. link. The vehicle state data consists of strut
positions, wheel tachometer reading, steering angle, gyre information, etc.
Sufficient capacity was allowed for in the telemetry system to accommodate
future systems. By 1974, the main goal of the project was to develop a test
vehicle which was capable of autonomous roving, that is, of obstacle detec~-
tion and avoidance under closed-loop computer control. The vehicle was to
gather information with some sort of "vision" system and return it along with
vehiele state data via telemetry. The obstacle detection system was chosen
to employ a "laser triangulation" scheme. A laser is ai the top of a vertical
mast at the froﬁf end of the vehicle and points downward toward the ground,
it’'s beam making an angle of perhaps 40° wath the vertical mast (this is
called the elevation angle,ﬁ?). The mast rotates about its long axis in an
oscillatory type of movement, thus causing the laser spot on Ehe ground to
describe an, arc of about 140° in the azimuth (£€) direction in front of the
vehicle, Mounted at a lower point on the mast is a detector with a narrow
field of view (~3°) aimed at an angle with respect to the mast called o,
toward the ground such that on flat terrain it will always "see" the laser

spot, but when an obstacle of appreciable size (~10") intercepts the laser

bean, the laser spot will be ocutside the field of view of the detector, and



the obstacle is detected. As the mast sweeps thru the azimuth direction
the laser is fired at 15 different locatioms (7 to the left of the wehicle,
7 to the right, and 1 straight zhead of the vehiele). Thus, triangulation
occurs in the plane which contains the vertical mast. The angle the laser
makes with the mast (f) and the angle at which the receiver is pointed (X)
are fized. The system vields the information: "direction blocked" or
"direction open" for 15 different directions in front of the vehicle. Using
this system, autonomous roving was achieved and tested under various con-—-
ditions and with varying degrees of success through 1977 and into 1978,
While results were sometimes impressive, and much was learned by having an
actual machine to work with, by March 1977, it was felt that a higher level
terrain sensing system should be implemented, particularly if the rover was
to behave optimally in the real pitch and roll sitvations which it would
encounter on Mars.

The higher level obstacle detection system continues to use the con—
cept of laser triangulation. However, the new system is capable of firing
* the laser at wvarious values of point angle ﬁ, and the detector is capable
of "looking" at various angles 03) at the terrain. Triangulation still occurs
within the plane which contains the mast. The new system, called the

"milti~laser/multi-detector™ or "

elevation scanning” system is capable of
placing up to 1024 points of laser light on the terrain with each azimuth
scan as compared to 15 in the former system.

During the 1977/78 academic year the group concerned itself with con—
ceptualizing and developing the necessary systems to implement this higher
level system. Many concepts were considered on the way to developing the

new system. The new mast will rotate continuously instead of oscillating.

The former mast had problems with alignment which were in part caused by .



the accelerations it underwent in reversing direction. The fully rotating
mast necegsitates the use of slip rings to transfer data and power to and
from the mast. To simulate many lasers at different pointing angles, the

new system uses a single laser which is reflected by an 8-sided rotating
mirror at the top of the mast. (Increasing the number of sides decreases

the rate at which the laser must fire, but also decreases the angle @Ilﬁé)
through which the beam may be pointed). With 8 sides the laser can be
pointed at any desired angle within a 90° field. A new laser was purchased
which has a capability of 10 Khz firing rate (the former laser had a2 1 Khz
maximum). Speeds of this order are dictated by geometry and desired systenm
performance. TFinally the new system will have a multi-element detector.
Either a 20 element photo diode array, or a 1024 element CCD linear arrvay
will be used, though neither is complete at this time. With this system the
height of terrain can be computed (from (3, «, and8) for up to 1024 points
around the wvehicle, Existing systems such as telemetry and tha computer
interface, as well as the command link had to be modified sIightly to adapt

to the new data flow. Concurrently throughout 1977/78, the software group has
been exploring the possible methods to handle the increased amount of data the
new system will deliver.

The major objective of the study described herein was the design and
construction of the electronic controller to control and monitor this advanced
scanning concept. The controller's function is to monitor mirror and mast
positions and to output control signals to the laser, receiver, and telemetry
systems, such that the overall system will place the array of laser laght
points on the terrain as desired, and, upon receiving the data from the multi-

element detector, buffer it, and serve as an interface to the telemetry system.

The locations of the 1024 laser shots are programmable. The sections which



follow detail the capabilities and operation of the multi-laser, multi-
detector controller, how it integrates with other system components, and
some early test results. Details of several related subsystems are given

in Part 6.



2. SYSTEM CAPABILITIES

Figure 2.0 shows schematically the elvation scanning system. The
mirror will sweep the laser beam through angles of elevation (£) and the
rotating mast will sweep in the azimuth (€) direction. The choices for
actual angles of fire in elevation (PK) and in azimuth (eK) are limited
by encoder resolution and orientation. The mirror imposes some additional
limitations on possible angles. Available fire angles, nawing conventions,
and other considerations will be discussed, along with the rate buffer and

interface with telemetry and command links.

2.1 Azimuth Angles

Consider a "grid" of 256 radial azimuth angles spaced 360/256 =
1.4° apart._ These form the set of possible azimuth angles at which teo
initiate an elevation scan. The particular azimuth angle selected at which

to initiate angle, { Figure 2.1.1 shows GK and a few subsequent radials

K’
€., ., E ). Since the mast is always rotating, all elevation shots
K+ VEH2,...

in an elevation scan initiated at @y will occur within AG of By~ The

angle 8% +4/2 is called the azimuth data angle. The azimuth location of
any shot is kanown to be the azimuth data angle + L‘@’ 2. Therefore, the set
of possible azimuth angles at which to scan in elevation is the set of
azimuth data angles, and the accuracy of the azimuth angle is iéelz.

Table 2.1.1 lists the set of azimuth data angles. Since A may be greater
than 1.4° (as shown in Fig. 2.1.1), the next available azimuth initiate
angle will be 9K+2'

An 8-~bit word in azimuth memory exists for each possible azimuth angle, QK.
To select a particular @K’ a "1" is stored in the most significant bit of

GK'S word. This is lnown as the fire bit, and will cause an elevation scan
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to initiate at E*K. The five least significant bits in @K's memory word
should be programmed to contain a tag to identify QK. This tag is the
azimuth shot number, which has a value between 0 and 31 encoded in five
bits. The azimuth shot number will be used in the computer to index a
look~up table which will contain the actual value of BK. An additional
bit is set to a "1" in eK's memory word if QK is the last azimuth in the
scan. This is called the azimuth end of scan bit (AMEOS) and will be used

to generate the end of scan bit (EDS) sent back to the computer. In each
scan up to 32 different azimuth initiate angles may be specified. Table
2.1.1 laists the set of possible azimuth data angles and their associated
azimuth initiate angles. Note that this list was generated for AB = 1.875°.
The program may, of course, be rerun for other A8's.

The capability exists to offset the entire set of azimuth angles
with the azimuth center of scan angle. This will have the effect of shift-
ing the entire scamming pattern thru an angle in azimuth. Available center of
scan (CSA) angles correspond to every other azimuth imitiate angle. There~
fore, there are 128 possible center of scan (CSA) angles spaced 2.8° apart.
The computer can send the CSA via the command link. Table 2.1.2 shows the
set of possible CSA's and the associated 8-bit computer command. When a
center of scan angle is received it must remain in the co;mand recerver's
UART for a time period called data hold time, where data hold time = 1/256WB;
I’}B = mast speed, rev/sec.

On the edge of the azimuth board of the controller, eight L.E.D.'s
indicate the last azimuth at which an elevation scan was initiated. See
layout in Appendix A for exact location of the indicator., This number can
be converted from octal to degrees (vehicle fixed frame) using Table Z.1.l.

For test and alighnment purposes, the controller may be rum in the

azimuth test mode, in which the azimuth memory will not be used, but rather



TABLE 2.1.1

CODING OF AZIMUTH DATA ANGLES IN OCTAL, BINARY AND DECIMAL FORMATS

AZIMUTH DATA ANGLES I
DEGXEES
-179.0625
-177.6563
-176..2500
-174.8438
-173.437%
-172.0313
-170.6250
-169.2188
-167.8125
~166.4063
-165.0000
-163.5938
-162. 1875
-160.7813
-159.3750
-157.9688
-156.5625
-155.15613
-153.7500
-152.3438
-150.9375
-149.5313
-148. 1250
-146.7188
-145. 3125
-143.3908563
-142.5000
-141.093%
-139.6875
-138.2813
-136.8750
~135.4683

MAST VELOCITY= 3.142 RAD/SEC =

HIRROR VELOZTITY= 75.398 RAD/SEC

PATA HOLD TIMGC= 7.812 MSEC
DELTA THETA= 1.8750 DEGREES

SCANS PER SECOUD= 0.500

ITIATE AHGLE

DEGREES

-180.0000
-178.5938
-177.1875
-175.7813
-174.3750
-172.9688
-171.5625
-170. 1563
-168.7500
-167.34738
-165.,9375
~-164.5313
~-163.1250
~-161.7188
-160.3125
-158.9063
-157.5G00
-156, 0938
-154.6875
-153, 2813
-151.8750
-150. 04688
-149.0625
~147.6563
-145.2500
-144.8438
-143.4375
-142.0313
-140.6250
-139.2188
-137.8125
-136. 4063

30.0 RPHM

= 720.0 RPH

OCTAL
000
001
002
003
004
005
006
007
010
011
012
013
014
015
016
017
020
021
022
023
028
02¢
026
027
030
031
032
033
034
035
036
037

ADPDR. IN MEMORY
BITARY DECIMAL
00000000 0
CCCCGOG1 1
00000010 2
06co0011 3
00000100 4
0CC80101 5
00000110 &
00000111 7
00001000 B
00CG1001 S
00001010 10
0C0G1011 11
00001100 12
00001101 13
00001110 14
00001111 1g
00010000 16
0061C001 17
006010010 18
0C01C011 18
00010100 20
0001C101 21
00010110 22
00010111 23
00011000 24
06011001 25.
00011010 26
06011011 27
00011100 28
00011101 29
00011110 30
00011111 31

H7 L
0GC
01
0z
03
o4
0o
06
07
08
09
0a
0B
0C
0D
0L
OF
10
11
12
13
14
15
16
17
18
19
14
18
iC
1D
12

1F



TABLE 2.1.1 (Continued) 9a

AZIMUTH DATA ANGLES INITIATE ANGLE ADDR. IN MEMORY
DEGHAETS DESZREES OCTAL BIVARY DECIMAL HE X
-134.0625 -135.0000 040 00100000 32 20
-132.6563 -133.59138 041 001CCCO1 33 21
-131.2500 ~-132.1875 042 00100010 3y 22
-129.8438 ~130.7813 043 0010011 35 23
-128.4375 -129.3750 o44 00100100 36 24
-127.0313 -127.9688 o4s 00100101 37 25
~125.6250 -126.,5625 o4& 00100110 38 26
-124.2188 ~125, 1563 047 001C0111 39 27
-122.3125 -123.7500 050 001071000 40 28
-121.4063 -122.3438 051 00101001 41 29
-120.0000 -120.9375 052 00101010 42 23
-118.5938 -119.5313 053 00101011 43 2B
-117. 1875 -118.1250 0S4 00101100 4y 2¢
-115.7813 -116.7188 055 00101101 4s 2D
-114. 3750 ~115.3125 056 00101110 56 2E
-112.9588 -113.9063 057 00101111 47 2F
-111.5625 ~-112.5000 060 00110000 48 30
-110.1563 -111.0938 061 00110001 49 31
-108.7500 -109.6875 062 00110010 50 32
-107.3438 -108.2813 063 0011011 51 33
-105.9375 ~106.8750 064 00110100 52 34
-104.5313 -105. 4688 065 00110101 53 35
-103.1250 -104.0625 066 00110110 54 36
-101.7188 -102,.65€63 067 00110111 55 37
-100.3125 -101.2500 07¢ 00111000 56 36
-98,9063 -99, 8438 071 00111001 57 39
-97.5900 ~98.4375 072 00111010 58 32
-96.0938 -97,.,0313 073 00111011 59 3B
~94,6875 ~95,6250 074 00111100 60 3C
~-93.2813 -g94, 2188 075 00111101 61 3D
~-91.8750 ~-92.8125 076 00111110 62 3E
-90.4683 -91.4063 077 00111111 63 3F
ORIGINAL PAGE IS
MAST YELOCITY= 3.142 RAD/SEC = 30.0 RPH OF POOR QUALITY
MIRROR VELOCITY= 75.398 RAD/SEC = 720.0 RPH

DATA HOLD TIME= 7.812 M3EC

DELTA THETA= 1.8750 DEGREES

SCANS PER SECOND= 0.%00



TABLE 2.1.1 {(Continued)

AZIn0TIN DATA ANGLIS

INIFIATE ANGLE

DEGRET DESREES

-89.0625 -50.0000
~87.6564 -88.5938
-36.2500 -87. 1875
-84.8438 -85.7813
-83.4375 -84,.3750
-82.0313 -82.9688
-560.6250 -B1.5625
~79.2188 -80.1563
-77.8125 -78.7500
-76.408673 -77.3438
-75.0000 -75.9375
~73.5938 -74.5313
-72,.1878 -73. 1250
-70.7813 -71.7188
-569.3750 -70.3125
-67.9688 -68.9063
-66.5625 -67.5000
-65. 1563 -66.0938
~63.7500 -64,6875
-62.3433 -63.2813
-60.937% ~61.8750¢
-59.5313 ~-60.4688
-58.1250 -59.0625
-56.7188 -957.6563
-55.3125 -56. 2500
-53.9063 -54.8438
-52.5000 -53.4375
-51.0938 ~52.0313
-49.6875 -50.6250
~48.2813 -49.2188
~-46.8750 -47.8125
-45,4688 ~45.4063

MAST VELOTITY= 3.142 RAD/SEC = 30.0 RPY
MIRROR VELOCITY= 75.398 RAD/SEC = 720.0 RPH

DaTA HOLD TINE= 7.812 MSEC

DELTA THEPA= 1.8750 DEGREES

SCANS PBER SECCHND= 0.500

OCTAL
100
101
102
103
104
105
106
107
110
111
112
113
114
115
116
117
120
121
122
123
124
125
126
127
130
131
132
133
134
135
136
137

gb

ADDR. IN MENOPY

BINARY DECIMAL
01000000 64
01000001 65
01600010 €€
01000011 67
016601G0 68
01000101 69
01000110 70
01000111 71
01001G6CO 72
01001001 73
01001010 T4
01001011 75
01001100 7€
01001101 77
01001110 78
01001111 19
010100C0 80
01010001 81
01016010 82
01010011 83
01010100 84
01010101 85
01010110 8¢
01010111 87
01011000 g8
01011001 89
01011010 5G
01011011 91
010711C0 92
01011101 93
01011110 9y
01011111 g5

HE 4
40
61
42
43
o
45
46
47
48
49
5a
4B
4c
4D
4E
4F
50
51
52
53
54
55
56
57
58
59
52
58
5C
5D
5E
5F



AZTMUTH DATAY ANGLES

TABLE 2.1.1 (Continued)

INTITIATE ANGLE

DESRELS DEGREES
~-44.03825 ~45,0000
-42.6563 ~43,5938
-41.2509 -42, 1875
~-39.84138 -40.7813
~38.4375 ~39.3750
-~37.0313 ~37.5688
~-35.6250 -36,.5625
-34.2188 OQRIGINAL PAGE IS ~—35.1563
-32.8125 QOF POOR QUALITY -33.7500
~31.8063 -32.3438
-30.0000 ~-30.9375
~28.5938 -29.5313
-27.187% -28. 1250
-25.7813 -26.7188
-25.375¢0 -25.3125
-22.9688 -23.9063
-21.5625 -22.9000
-20.1563 -21.0938
-18.7500 ~19.6875
-17, 3438 -18.2813
-15.9375 -16.8750
-14,.5313 ~-15.4688
-13.1250 -14.0625
-11, 7188 ~12.6563
-10.3125 -11. 2500
-8.92063 -9.8438
-7.5000 -8.4375
-6.0938 -7.0313
-4 ,6875 -5.6250
-3.2813 -4.2188
-1.8739 -2.8125
-0.4688 ~-1.4063
HAST VELOCITY= 3.142 RAD/SEC = 30.0 RPH
MIRROR VYELOCITY= 75.398 RAD/SEC = 720.0 RPHM

DATA HOLD TIWz= 7.812 HSEC
DELTA THETA= 1.8750 DEGREES
CANS PER SECON¥D= 0.500

OCTAL
140
141
142
143
144
145
146
147
150
151
152
153
154
155
156
157
160
161
162
163
164
165
166
167
170
171
172
173
174
175
178
177

9c

ADDE. IN MEMORY

BINARY DECI®AL HEX
011CCCQ0 ae &0
01100001 97 61
01106010 98 82
01100011 99 63
0114601C0 1CC 511
01100101 101 65
01100110 102 €6
01100111 103 67
61101000 144 65
01101001 105 69
01101010 1¢e 64
01101011 107 6B
01101100 108 6C
01101101 109 60
01101110 110 6B
01101111 111 6F
07116000 112 7C
01110001 113 71
01110010 114 72
01110011 115 73
011101¢C0 116 74
01110101 117 75
01110110 118 TE
01110111 119 77
011110060 12¢ TE
01111001 121 7€
01111010 122 73
01111011 123 Tl
01111100 124 7c
01111101 125 71
017111110 12€ KE:
01111111 127 11



AZIMUTH DaTA
DESHEES

0.9175
2.3437
3.7500
5.1562
6.5625
7.9687
9.3750
10.7812
12.1875
13.5937
15.0000
16. 4062
17.8125
15.2187
20.8250
22.0312
23.4370
24.8437
26.2500
27.6562
29.0625
30.4687
31.8750
33.2812
34.568795
36.0937
37.5000
38.9062
40.3125
41,7187
43,1250
44.5312

ANGLFS

MAST VELOCITY= 3.142 RAD/SEC =

MIRROR VELOCITY= 75.398 RAD/SEC
DATA HOLD TIME= 7.812 MSEC
DELTA THETA= 1.8750 DEGREES

SCANS PER SECOND= 0.500

TABLE 2.1.1 (Continued)

D

INTTIATE ANGLE

EGREES
0.0000
1.4063
2.8125
4.2188
5.6250
7.0313
8.4375
9.8438

11.2500

12.6563

14,0625

15.4688

16.8750

18.2813

19.6875

21.0938

22.5000

23.9063

25.3125

26.7188

28. 1250

29.5313

30.3375

32.3438

33.7500

35.1563

36.5625

37.9688

35.3750

40.7813

42,1875

43.5938

30.0 RPH

720.0 RPH

OCTAL

200
201
202
203
204
205
206
207
210
211
212
213
214
215
216
217
220
221
222
223
224
225
226
227
230
231
232
233
234
235
236
237

ADDR, IN HEHCRY

BINARY CECIHAL
1CCLCCCCO 128
10000601 129
10C€0C010 130
10000011 131
1¢60G100 132
10000101 133
1C00C110 134
10000111 135
1CCC10C0 13¢
10001001 137
1001010 138
10001011 139
10001100 140
10001101 141
10001110 142
10001111 143
10010060 taun
10010001 145
10010010 146
10010011 147
1001C100 isg
10010101 143
10010110 150
10010111 151
100110C0 152
10011001 153
10011010 154
10011011 155
100111C0 15¢€
10011101 157
1C011110 158
10011111 158

9d

HEX
80
81
82
83
84
85
86
87
88
89
8A
8B
8C
8D
8E
8F
80
91
92
93
g4
95
96
97
98
99
9a
9B
9cC
9D
9E
9F



TABLE 2.1.1 (Continued)

AZIMNUTH [DYTA ANGLES
DE3«3.S
45.3375
47,3437
58,7500
50. 1562
51.0025
52.9687
54.3750
55.7812
57.1875
58.5937
60.0000
61,4662
62,8125
64,2187
65.6250
67.0312
68.4375
69.8437
71.2500
12.6562
74.05625
75.4687
76.8750
78.2812
79.8375
81.0937
82.5000
83.95062
85.3125
86.7187
88.125¢0
89,5312

HAST VYELOCITY= 3.142 RAD/SEC =

MIRROR VELOCITY= 75.398 RAD/SEC

DATA HOLD TINE= 7.812 MSEC

DELTA THRETA= 1.8750 DEGREES

STANS PER SECOND= 0.500

D

INITTATC ANGLED

EGREES

45.0000
46.4063
47.8125
49,2188
50.6250
52.0313
53.4375
54.8438
56. 2500
57.6563
59.0625
60.4688
61.8750
£3.2813
64.6875
66.0938
67.5000
658.9063
70.3125
71.7188
73. 1250
74.5313
75.9375
77.3438
78,7500
80.1563
81.5625
82.9688
gh. 3750
85.7813
87. 1875
88.5938

30.0 RPHM

720.0 RPA

OCTAL

240
241
242
243
244
245
246
247
250
251
252
253
254
255
25€
257
260
261
262
263
264
265
2€6
267
270
271
272
273
274
275
27¢
271

ADDE. TU

BINARY
101CCCO00
101000017
101CG0G10
10100011
1010C1C0
10100101
10106110
10100111
10101000
10101001
10161010
10101011
10101160
10101101
10161110
10161111
1011CG00
10110001
10110010
10110011
1011¢1C0
10110101
10110110
10110111
16111CC0
10111001
10111010
10111011
101111C0
107111101
10111110
10111111

ORIGINAT, PAGE IS
OF POOR QUALITY

MENORY
DECIMAL

160
161
162
163
164
165
1€6
167
168
169
176
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
19¢
191

Se.

HEZ
A0
11
A2
a3
a4
AS
A6
A7
AB
a9
Al
AR
AT
AD
Ar
AF
BO
B1
B2
B3
Bg
85
B6
B7
B§
29
Ba
EB
BC
ED
BE
BF



TABLE 2.1.1 (Continued) 9t

AZIMUFH DATA ANGLES INITIATE ANZLE ADDR. IN MEMORY
PESHBUS BEGREES OCTAL PBINARY DECIKAL HEX
$0.9375 90,0000 300 11CCLOQ0 192 co
92.3437 91.4063 301 11000001 193 C1
$3.7500 92,8125 302 11000010 194 c2
95. 1562 94,2188 303 11000011 195 c3
G6.5625 95,6250 304 11000100 196 o]
$7.9687 97.0313 305 11000101 197 c5
99,3750 98. 4375 306 11000110 198 cé6
100.7812 99,8438 307 11000111 199 c7
102.1875 101. 2500 310 11001¢€00 2G0C c8
103.5937 102.6563 311 11001001 201 (ofs]
105.0000 104,0625 312 11C01010 202 CA
106.48062 105.4688 313 11001011 203 CB
107.8125 106.8750 314 11001100 204 cc
109.2187 108.2813 315 11001101 205 CD
110.6250 109.6875 316 11001110 206 CE
112.0312 111.0938 317 11001111 207 CF
113.4375 112. 5000 320 1101CG00 208 DO
114.8437 113.9063 321 11010001 209 D1
116.2500 115. 3125 322 11016010 216 D2
117.6562 116.7188 323 11010011 211 b3
119.0625 118. 1250 324 1101C100 212 DU
120. 4687 119.5313 325 11010101 213 D5
121.8750 120.9375 326 11010110 214 D8
123.2812 122.3438 327 11010111 215 D7
124.6875 123.7500 330 11011000 216 bs
126.0937 125.1563 331 11011001 217 D9
127.5000 126. 5625 332 11011010 218 DA
128.9062 127.9688 333 11011011 219 DR
130.3125 129,..3750 334 11011100 220 bC
131.7187 130.7813 335 11011101 221 LD
133.1250 132. 1875 336 11011110 222 DE
134.5312 133.5938 337 11011111 223 D¥
¥AST VRLOCITY=  3.142 RAD/SEC = 30.0 RPM
MIRROR VELOCIFY= 75.338 RAD/SEC = 720.0 RPN

DATA HOLD TIME= 7.812 MSEC

DELTA THETA= 1.8730 DEGREES

SCANS PER SECOWD= 0.500



AZINOLH 3ATA ANGLTS

DESILSES

135.9370
137.3437
138,.7500
140, 1562
181.5825
142.9687
18,3750
145,.7812
147.187%
1u48.5%937
150.0000
151.4062
152.8125
154.2187
155.6250
157.0312
158.4375
159.8437
161.2500
162.6562
164.0825
165. 4687
166.8750
168.2812
169.6875
171.0837
172.5000
173.39062
175.3125
176.7187
178.1250
179.5312

HAST VELOCITI=
MIRROR VELOCIIY=
DATA HOLD TIME=

DELTA THELA=

SCANS PER SECOND=

3.142

75.398 RAD/SEC

RAD/SEC

7.812 H®SEC

1.8750 DEGRLES

0.500

INTTIATE ANGLE

TABLE 2.1.1 (Continued)

DEGREES
135..0000
136.4063
137.8125
135.2188
140.6250
142.0313
143.4375
154.8438
146. 2500
187.6563
149.0625
150.4688
151.8750
153.2813
154.6875
156.0938
157.5000
158.9063
160. 3125
161.71788
163. 1250
164.5313
165.9375
167.3438
168.7500
170.1563
171.5625
172.9688
174, 3750
175.7813
177. 1875
178.5938

30.0 RPN

= 720.0 RPU

OCTAL
340
341
342
343
34y
345
34¢
3u7
350
351
352
353
354
355
3586
357
360
361
362
363
364
365
366
367
370
371
372
373
374
375
37€
377

ADDR,

BINARY
1116€CG0
111009001
111CC010
11100011
1110C1C0
11100101
1116C110
11100111
11101€00
11101001
11101010
11101011
11161100
11101101
11161110
11101111
1111€000
11110001
11110010
11110011
11110100
11110101
11116110
11110111
111110460
11111001
11111010
11111011
11111100
11111101
11111110
11111111

IN MEMORY
DECINAL

224
225
226
227
228
229
230
231
232
233
234
235
23¢€
237
238
239
2uC
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

%g

HEX
B

E1
g2
E3
By
E5
EG
E7
E8
£9
EA
EB
EC
ED
B2
EF
FO
F1
F2
F3
Fy
F5
F6
F7
FB8
FS
FA
FE
FC
FI
FE
FE

ORIGINAL, PAGE IS
OF POOR QUALITY



1y
TABLE 2.1.2

AVAILABLE AZTMUTH CENTER OF SCTAN ANGLES

CENTER OF SCAY RCF. AMGLE COMPUTER COMMAND WORT
ANGL ™ OCTAL BINARY HEX CCTAL BINAPY
-180.004J0 200 10000000 80 300 11CCCCCO
~177. 1875 176 01111110 78 277 10111111
-1784.3750 178 01111100 7cC 276 10111110
-171.5625 172 01111010 7a 275 10111101
-168.7500 170 01111000 78 274 1C111100
-165.9375 166 01110110 76 273 10111011
-163.1230 164 01110100 74 272 10111010
-160.3125 162 01110010 72 271 101110061
-1537.5000 180 01110000 70 270 16111CC0
-154.687% 156 01101110 6E 267 10110111
-151.8750 184 011017100 6C 2866 10116110
-149.0625 152 01107010 64 265 10110101
-146.2500 150 01101000 68 264 1011C1G0
-143.4375 146 01100110 66 263 10110011
-189.6250 144 01100100 64 262 1011C010
-137.8125 142 01100010 62 261 107110001
-135.0000 140 01100000 50 260 1011CCCO
~132.1875 136 01011110 5SE 257 10101111
-129.3750 134 01011100 5C 258 10161110
-126.5625 132 010110106 5a 255 10101101
-123.7500 130 01011000 58 254 1¢1€1100
-120.9375 126 01010110 56 253 10101011
-118.1250 124 01010100 54 252 101C1010
-115. 3125 122 01010010 52 251 10101001
-112.5000 120 01010000 S50 250 101C¢1CC0
-109.6875 116" 01001110 4E 247 10100111
-106.8730 114 01001100 4C 2h6 101C60110
-104,.6625 112 01001010 4A 245 10160101
-101.2500 110 01001000 48 2uy 101C01G0
-98,4375 106 01000110 46 243 10100G 11
-90.6250 04 01000100 44 242 101CG6010
~-92.8125 102 01000010 42 241 10100001
-90.0000 100 01000000 40 240 101CCCCO
-87.1875 . 076 00111110 3B 237 10011111
-84.3750 074 00111100 3C 236 10011116
-81.5625 072 €0111010 3A 235 10011101
-76.7500 070 00111000 38 234 10C111C0
~-75.3375 066 GC0110110 36 233 10011011
-73.1250 0s4 00110100 34 232 10011010
~70.3125 062 00110010 32 231 10011001
~67.5000 060 007170000 30 230 1C€011CCO
~64.6875 056 00101110 2B 227 10010111
-61.8750 054 00101100 2C 226 10010170
-59.0625 052 00101010 22 225 10010101
-56.2500 050 00101000 28 224 100101C0
-53.4375 046 00100110 26 223 10010011
-50.625C 044 001001700 24 222 1C01CC10
~-47.8125 042 00100010 22 221 10010001
-45.0000 640 00100000 20 220 1C601CCCO
-42.1875 036 00011110 1E 217 10001111
-33.3750 034 00011100 1C 21€ 1C001110
-36.5625 032 G0011010 13 215 10001101
-33.7500 030 00011000 18 214 1CCC11CC
~30.9375 026 0001710110 16 213 10001011
-28.1200 024 00010100 14 212 1CCC1010C

Tﬁg'_(_ 2 \.;1 ‘["2)‘ F’f/ Pyt



-25.3125
-22.3039
-19.6875
-16.3729
-14.08625
-11.25%0
~-%.,4375
-5.6250
~-2.8125
0.0000
2.8125
3.6250
3.4375
11.2500
14.0625
16.8750
19.6875
22.5000
25.3125
28.1250
30.3375
33,7500
36.5625
393.3750
42.1875
45,0000
47.8125
50.6250
53.4375
56.2500
59.0625
61.8750

022
020
016
014
012
010
006
004
go2
000
376
374
372
370
366
364
362
360
3546
354
352
350
346
344
342
340
336
334
332
330
326
324

64.687SCRIGINAL PAGE B22

67.50020F POOR

70.3125
73.1250
75.9375

75.7530

" B1.5625
84.3750
87.1875
96.0000
92.8125
95.6250
98.14375

101.2530
104.0625
106.8750
109.6875
112.5000
115.3125
118.1250
120.9375
123.7500
126.5625
129.3750
132. 1875
135.2000
137.3125
140.6250

QUALITY20
316

314
312
310
3086
304
302
300
276
274
272
270
266
264
262
260
256
254
252
250
2486
244
242
2490
236
234

C0010010

00010000
co0c1110

. 00001100

€0001010
00001000
00000110
00000100
gcgQo010
00000000
11111110
11111100
11111010
11111000
11110110
11110100
11110010
11110000
111061110
11101100
11101010
11101000
11100110
11100100
11100010
11100000
11011110
11011100
11011010
11011000
11010110
11010100
11010010
11010000
11001110
11001100
11001010
11001000
11000110
11000 100
11000010
11000000
107111110
10111100
10111010
10111000
10110110
10110100
10110010
10110000
10101110
10101100
10101010
10101000
101001190
10100100
10100010
10100000
10011110
10011100

TABLE 2.1.2 (Coptinued)’

12
10
0E
oc
0a
08
06
o4
02
00
FE
FC
Fa
F8
F6
L
F2
FO
EE
8C
A
E8
E6
E4
B2
EQ
DE
DC
Da
D8
D6
DYy
D2
DO
CE
ccC
ca
c8
céE
ci
<2
co
BE
BC
BA
B8
B6
BU
B2
80O
AE
ac
AR
as
A6
Al
A2
AQ

-
iy

9C

211

210
207
20¢
205
204
203
202
201

200
377
378
375
3748
373
372
371

370
367

3€e
365
364
363
je2
361

360
357

356
355
35y
353
352
351

350
347
e
3u5
344
343
342
341

340
337

336
335
334
333
332
331

230
327

32¢€
325
324
323
322
321

320
317
31€

Jlua

10001001
10GC1CC0
10000111
1€€C0110
10000101
1CCC01C0
10000011
1CCCCGIQ
10000001
1CCCCCCO
11111111
11111110
131111101
111111C0
11111011
11111010
11111001
11111CC0
11110111
11110110
11110101
11110100
11110011
11110010
11110001
11110CC0
11101111
111061110
11101101
111C11G60
11101011
11161010
11101001
11161000
11100111
111€C0110
11100101
111C01C0
11100011
111€C010
11100001
111CCCCO
11011111
11011110
11011101
110111C0O
11011011
11011010
11017001
11011CCO
110101171
11010110
11010101
110101C0
11010011
11010010
11010001
1101CCCO
11001111
11C¢C1110



143.83171%
18n.2500
143.0625
151.8750
154.6875
127.5000
160.3125
153.1250
163.9375
168.7500
171.5625
174 3750
177. 1875

232
230
226
224
222
220
216
214
212
210
206
204
202

TABLE 2.1.2 (Continued)

10011010
10611000
10010110
13010100
10010010
10010000
10001110
10001100
10001010
10001000
10000110
10000100
10000010

ORIGINAL PAGE 18
OF POOR QUALITY

94
98
36
94
92
990
BE
8C
8a
88
86
84
82

315
ENR
313
312
311
210
307
3086
305
304
303
302
301

110011061
11CC11C0
11001011
110C1010
11001001
11C¢C1C00
11000111
116€0Q110
11000101
11CC01CO
11000011
110CCO10
11000001

10b



i1

one azimuth initiate angle (_QK) may be entered using 8 mini-switches om
the azimuth board (see Appendix A for location). In this mode the azimuth
shot number will automatically be set to zero. TFor testing elevation
scanning at a fixed azimuth, the "azimuth override" switch should be set.

The controller can output an "end of elevation scan” (EOES) and/or
an "end of scan”™ (E0S) signal. The EQOES signal will be high at the end of
each elevation scan. The E0S signal will be high when the last elevation
shot at the last azimuth angle is completed. Either of these signals may
be sent to the computer in the telemetry word to initiate an interrupt.

The choice will be made according to how the software handles the data.

2.2 Elevation Angles

The set of possible fire loecations in the elevation direction (p}
form a "grid" of 256 radials wathin a 90° scan sector. The angular separa—
tion batween adjacent radials is 90/256 = 0.35°, The particular elevation
angle at which a laser fire is desired is calied ﬂK. Figure 2,2.1 shows
BK and a few adjacent 5's. Table 2.2.1 lists all available (3 angles. Due
to a constraint on how fast the lager can fire, the minimum separation in
for consecutive laser shots will usually be greater than 0.35°. The value
of the minimum separation of adjacent laser shots,Aﬁmin, is determined by
the mirror speed, since: laser frequency = zwm'hﬁmin where Wm is the speed
of the mirror in revolutions/second. Table 2.2.1 shows 'ﬂﬁmin for given scan
speed, Ag , and laser speed capability. The [iﬁmn restriction must be kept
in mind when programming the elevation memory so pulse rates exceeding the
laser capability are not requested. An additdional constraint on }9 angles
is imposed by the mirror. Since the laser beam has a finite width, and the

mirror face a finite length, full laser power cannot be delivered into the
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TABLE 2.2.1

CODING OF AVAILABLE ELEVATION ANGLES

AVAILABLE ELEVATION ANGLES

EEGREES
0.0300
4.3516
0.7031
1.0547
1.4063
1.7578
2.1094
2.4609
2.8125
3. 1641
3.5156
3.8872
4.2188
4.57Q03
4.9219
5.2734
5.8250
5.9766
6.3281
6.6797
7.0313
7.3828
7.7344
8.0859
8.4375
6.7891
9.1406
9.4922
9.8438

10.1953
10.5469
10.8984

DELTA BLTA MNIN.=

SR I - NI I R I O L

1. 05469 DEGREES

OCTAL

000
001
002
003
oon
005
006
007
010
011
012
013
014
015
016
017
020
021
022
023
024
025
026
027
030
031
032
033
034
035
036
037

¥ ASTERISK INDICATES ONLY PARTIAL LAGER POWER
AVAILABLE AT THIS ELILVATION

ABOVE DATA VALID WHEON:

LASER

BEAY

LIMITED TO 1€000.0 HERTZ
ALRROR VELOTITY=
¥ IDTH=

720.0 RrPN

0.3750 INCHES

ADDR.
BINARY
00000000
C0CaC001
CCGCO010
€G000011
€0C001090
C00060101
00000110
CCCOO0111
¢o001C00
00001001
€o001C10
C0001011
¢o001100
0001101
€0001110
Cgo01111
coo1€000
C001C001
€001¢010
Co00100 11
€0C1C100
C0010101
c0010110
Céo10111
€C011000
60011001
60011010
C0011011
00011100
€0011101
c0011110
Co0111 11

IN MEMORY
DECIMAL

WodhUEswiooo

13

ORIGINAL PAGE IS
OF POOR QUALITY

HEX
00
01
02
03
ou
05
06
07
08
09
Ca
0B
gc
0D
OE
oF
10
11
12
13
14
15
16
17
18
19
1a
1B
ic
1D
1B
1F



TABLE 2.2.1 (Comtinued) 13a

AVAILABLE EBLEVATION ANGLES ADDR. IN MEFEORY
DEGREES OCTAL BIWNARY DECIHAL HEX
11.2500 * 0ag 00100000 32 20
11.6016 * g1 CO10C001 33 21
11.95371 * o422 ©€01CCO10 34 22
12.3047 =% 043 00100011 35 23
12.6563 * 044 Q00160100 36 24
13.0078 =* 045 006100101 37 25
13.35084 = 04s C€01C0110 38 26
13.7109 = 047 C01G01 11 39 27
14.0625 056 00101000 40 28
1L.48141 051t 00101001 41 29
14.7656 052 00101010 42 2a
15.1172 083 00101017 83 2B
15.4688 054 00101100 by 2C
15.8203 055 €0101101 h5 2D
16. 1719 056 00101110 4g 2%
16.5234 057 (€0101111 47 2F
16.8750 - 060 00110000 48 30
17.226€ 061 (0110001 49 31
17.5781 062 00110010 50 32
17.92387 083 00110011 51 33
18. 2813 tes 00110100 52 34
16.6328 G665 00110101 53 35
18.9844 066 00110110 54 36
19.3359 067 00110111 &5 37
19.6875 070 00111000 56 38
20.0331 071 00111061 57 38
20.3906 072 00111010 58 3
20,7422 673 007111011 59 38
21.0938 078 00111100 60 3C
21.4453 075 00111101 61 3D
21.79869 076 00111110 62 3E
22.1484 077 00111111 €3 3F

DELTA BETA ¥IN.= 1.05469%9 DEGREES

* ASTERISK INDICATES ONLY PARTIAL LASER POWER
AVAILABLE AT THIS ELEVATION

ABOVE DATA VALID WHEN:
LASER LIMITED TO 13000.0 HERTZ

MIRROR VELOCITY= 720.0 RPH
BEARY WIDTH= 0.3750 INCHES



AVATLABLE

DELTA BIETA

TABLE 2.2.1 (Continued)

ELYVATICY ANGLES

DEGRE®RS
22.5000
22,8516
23.2031
23.9547
23.9063
24,2578
24.6094
24,9609

25.3125

25.664 1
26.0156
26.3672
26.7188
27.0703
27.4219
27.7734
28.1250
28.4766
28.8281
23.1797

29.5313

29.8828
30.2344
30.5859
30.9375
31.2891
31.6406
31.9922
32.3438
32.6953
33.0469
33.3¢%84

ORIGINAL PAGE IS
OF POOR QUALITY

#IN.= 1.05469 DEGREES

OCTAL
100
101
102
163
104
105
106
107
110
LER
112
113
114
115
116
117
120
121
122
123
124
125
126
127
130
131
132
133
134
135
136
137

* ASTERTSK INDICATES ONLY PARTIAL LASER POWER

AYATLABLE A

ABOVE DATA VALID

THIS ELEVATION

WHEH:

LASEP LIMITED T0 10000.0 HERTZ

MIRROR VELOCITY=
¥ IDTH=

BEAM

720.0 RPM

0.3750 INCHES

ADDR. 1IN

BINARY
01000000
016006001
01000010
G1060011
01000100
¢1000101
01000110
01000111
01001000
010C¢1001
01001010
01001011
01001100
01001101
01001110
01001111
01010000
0101C001
01010010
01010011
01010100
01010101
01010110
01010111
01011000
41011001
01011010
01011011
01011100
01011101
01011110
01011111

MEMORY
DECIMAL
64
65
66
€7
68
69
70
71
72
73
FL
75
76
77
78
79
80
81
82
a3
8y
85
86
87
88
89
90
81
92
93
94
35

13b

HEX
40
41
42
43
4h
45
e
47
4s
49
4a
4B
4C
4D
bE
4F
50
51
52
53
54
55
56
57
58
59
52
5B
5C
SD
5E
5T



AVALLABL®

DELTA BITY HIN,.= 1.05469 DEGRBES

TABLE 2.2.1 (Continued)

SLEVYATION ANGLES

PEGREES
33.7509
34.1016
34,8531
3a.8047
35.1583
35.5078
35.8594
36.2109
36.5625
36.9141
37.2656
37.6172
37.9688
38.3203
38.6719
39.0234
39.3750
39.7266
40.0781
40.42397
40.7813
41.1328
41.48h4
41.8359
42,1875
42.5391
42,8906
43.24822
43.5938
43.9453
54,2969
44,6484

OCTAL

140
141
1472
143
144
145
146
147
150
151
152
153
154
155
155
157
160
161
162
163
164
165
166
167
170
171
172
173
174
175
176
177

* ASTERRISK INDICATES OHNLY PABTIAL LASER POYER
AVATLABLE AT THIS ELEVATIOX

ABOVE DATA VALID

LASER LIAITEDRD TO 10000.0 HERTZ
VELOCITY=
BEAF {4 IDTH=

MIRROR

HHEN:

720.0 RPH

0.3750 INCHES

ADDR. IN MEMORY
CECIMAL

BIHARY
01100000
0411CC001
01100010
011C0011
01100100
01160101
01160110
01100111
01101000
011061001
01101010
011017011
01101100
01101101
01101110
0110111
01110000
01110001
01110010
01110011
01110100
01110101
01110110
01110111
61111000
01111001
1111010
01111011
01111100
01111101
01111110
01111111

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

13c

H3 X
60
61
62
63
64
65
66
67
&8
69
6A
6B
6C
6D
6L
6F
70
71
72
13
FL:
75
76
17
78
79
7
7B
7C
70
7E
T



TABLE 2.2.1 (Continued)

AVATLABLE ELEVATION ANGLES

JLGRERS
45,0000
45.3516
45,7031
46.0547
46,4063
46.7578
47,1094
47.4609
47.8125
48.16417
48.5156
28.8672
49.21€68
43,5703
49.9219

{IGINAL PAGE IS

50.273aul POOR QU.

50.6250
50.9766
51.3281
51.6797
52.0313
52.3828
52.7344
53.0853
53.4375
53.7891
54.14806
54.4922
54,8438
55.1953
55.5469
55.8984

DELTA BETL MIN.=

1.05463 DEGREES

QCTAL
200
201
202
203
204
205
206
207
210
211
212
213
214
215
216
217
220
221
222
223
224
225
226
227
230
231
232
233
234
235
236
237

* ASTERISK IWDICATES ONLY PARTIAL LASER POWER
AVATLABLE AT THIS ELEVATIOHN

ABOVE DATA VALID

HHEN:

LASER LIMITED TO 10000.0 HERTIZ

MIRROR

VELOCITY=
BEAM 4IDTH=

720.0 RoH

0.3750 INCHES

ADDR. IN MEMORY
BINARY CECIMAL
10000000 128
10CCCO01 129
10000010 130
10C00011 131
10000100 132
16006101 133
10000110 134
10000111 138
10001000 136
10001001 137
100010610 138
10001011 139
10001100 140
100601101 141
10001110 2
10001111 143
10010000 184
1001CC01 145
10010010 146
10010011 147
10010100 148
10010101 149
10010110 150
10010111 151
10011000 152
10011001 153
10011010 154
100171011 1S5
10011100 156"
10011101 157
10011110 158
10011111 158

13d

HZX
80
81
82
83
By
85
86
87
88
89
82a
88
8C
8D
8E
8P
30
91
92
93
g4
95
96
97
98
99
ga
3B
9cC
9D
9E
gF



AVATILABLS

DELPA BETA MIN.= 1.05469 DEGREES

TABLE 2.2.1 (Continued)

LEVATION ANGLES

B
DEGREES

56.2500
56.6018
56.9531
57.3047
57.6563
56.0078

58. 3594

55.7109
58.0625
59.4141
53.7656
60.1172
60.4688
60,8203
61.1719
61.5234
61.8750
52,2286
62.5781
62.9297
63.2813
63.6328
63.98u44
64,3359
64,6875
85.0391
65.3906
65,7422
66.0938
66,4453
66.7969
67.1484

OCTAL
2490
241
242
243
244
245
246
247
250
251
252
253
254
255
256
257
260
261
262
263
264
265
266
267
270
271
272
273
274
275
276
277

* ASTERISK INDICATES ONLY PARTIAL LASER POWER

AYATLABLE AT

THIS ELEVATION

ABOVE DATA VALID WHEN:

LASER LIAITED TO 10C000.0 HERTZ
MIRROR VELOCITY=
WIDTH=

BLAH

720.0 RPH

0.3750 INCHES

ACDR. IN PFEMORY
DECIMAL

BINARY
10100000
10160001
10100010
10100011
10100100
101C0101
10100110
10100111
16101000
10101001
10701010
10101011
10101100
10101101
10101110
10101111
10110000
1011C001
10110010
10110011
10110100
10110161
10110110
10110111
10111000
10111001
10111010
101711611
10111100
10111101
10111110
10111111

160
161
162
1€3
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
187
182
183
184
185
186
187
188
188
190
191

13e

HzX
A0
a1
A2
A3
AL
A5
A6
a7
A8
29
AR
AB
AC
AD
AE
AF
B0
B1
B2
B3
By
B5
B6
B7
E8
B9
EA
BB
BC
BD
BE
BF



TABLE 2.2.1 (Continued) 13f

AVAILABLE ELFVATION ANGLES ADDR. IN MENORY -
LEGREES OCTAL BIHARY DECINMAL HEX
67.5000 300 11000000 192 co
67.8516 301 110GCCO1 -193 <1
68.2031 302 11000010 194 c2
68.5547 303 11000011 195 C3
68.9063 304 11000100 186 cy
69.2578 305 110QC161 197 THh
69,6094 306 11000110 198 CB
69,9609 307  1100G111 199 gy}
70.3125 310 110010600 200 Cc3
70.6641 311 11001001 201 c9
T71.01%86 312 11001010 202 CA
71.3672 313 11001011 203 CB
71.7138 ORIGINAL PAGE IS 314 11001100 204 ce
72.0703 OF POOR QUAI&TY 315 11001101 205 CD
72.4219 316 11001110 206 CE
T2.7734 317 11001111 207 CF
73.1250 320 11010000 208 To
73.8756 321 11016001 209 D1
73.8281 322 11010010 210 D2
74,1197 323 11010011 211 D3
T4.5313 324 11010100 212 ]!
Tu4,.8R828 325 11010101 213 bbb
75,2344 * 326 11010110 2148 D6
75.5859 =* 327 11010111 215 D7
75.9375 * 330 110110866 216 333
76.2891 * 331 11011001 217 D9
76.6406 * 332 11011010 218 DA
76,9322 * 333 11011011 2149 DB
77.3438 * 334 11011100 220 3104
77.6953 = 335 1101110 221 DG
78.0up9 * 336 11011110 222 DE
78.3984 = 337 11011111 223 CF

DELTA BDTA MIM.= 1.0%5469 DEGREES

* ASTERISK IMDICATES OHLY PARTIAL*LRSER POJER
AVAILABLE AT THIS ELEVATION

ABOYE DATA VALID WHEN:
LASER LIMITED TC¢ 1€000.0 HERTZ

MIRROR VELOCITY= 720.0 RPH
BEA®R JIDTH= 0.3750 IHCHES



AVALILABLF

TABLE 2.2.1 (Continued)

ELEVATION ANGLES

DEGREES
78.7500
73,1016
73.4531
79.8047
B0.1583
80.5078
§0.8591
81.2108
81.5625
81.3141
82.26%6
82.6172
82.9688
83.3203
83.6719
84.0234
84.3750
84.7236
85.0781
85.4297
85.7813
86.1328
86.484y
8b.8359
87.1875
87.5391
87.8906
Bu.2422
85.5938
88.9453
89.2969
§9.6434

3 OF o4 FOF 5 o4 Ko R R O P M R P og i p HOREHE R H KRR

DELTA BLTA #IN.= 1.05469 DEGREES

OCTAL
340
341
342
343
3ag
345
348
347
350
351
352
353
354
355
356
357
360
361
362
363
364
365
366
367
379
371
372
373
374
375
376
377

* ASTERISK INDICATES ONLY PARTIAL LASER POWER
AVAILABLE AT THIS RELEVATION

ABOVS

DATA VALID WHIN:

LASCR LIMIT=D TO 10000.0 HERTZ
MIRROR VELOCITY=

BEAM HIDTH=

720.C RPd

0.3750 INCHES

ADDR. I¥ MEMHORY
BINARY CECINAL
11100000 224
11166001 225
11160010 226
11160011 -227
111C6100 228
11100101 229
11100110 230
11100111 231
111010690 232
11101001 233
11101010 234
11101011 235
11101100 236
11101101 237
11101110 238
11101111 239
11110000 240
11110001 241
11110010 242
11110011 243
111101080 244
11110101 245
11110110 246
11170111 247
11111000 248
11111001 249
11111810 250
11111011 251
11111100 282
11111101 253
11111110 254
11111111 255

13g

HZX
NG
E1
EZ
E3
Bl
ES
B6
ETY
E8
ES
EA
EB
EC
ED
EE
EF
FO
F1
P2
F3
Ft
F5
Fé
F7
Fg
F9
Fa
rB
FC
FD
FE
PP
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full 90° sweep, (Fig. 2.2.2)., An 8-bit word in elevation memory exists
for each possible elevation fire angle,ﬁ](. To select a particularﬁ%i,

a "1" is stored in the most significant bit of ﬁK;s memory word. This ’
is known as the fire bit, and will cause a shot at elevatioanK to be
fired. The five least significant bits in ﬁk's word should be programmed
to contain a tag to identify'ﬁ%f This tag is the elevation shot number,
which has a value between 0 and 31 encoded in five bits., This elevation
shot number will be used to index a look-up table in the computer which will
contain the actual value of ka Each elevation scan may contain up to 32
shots at varlous ﬁK's. Table 2.2.1 shows the set of possible IBK angles,
and the address of the corresponding elevation memory word. Note that the
same pattern of elevation shots is repeated at each azimuth data angle.

An elevation angle can be added as a reference or offset angle by
means of 8~mini switches at the top of the elevation board (see layout
Appendix B). These switches will normally be set once to compensate for
mechanical misalignment and be left alone. Changing the settings will shift
the pattern of shots through angles of elevation.

On the edge of the elevation board of the controller, eight L.E.D.'s
;géica;e the last elevation of fire. DNote that what is shown will actually
be one greater than the angle asked for in elevation memory. This is ex-
plained in Part 3, and is compensated for by the offset angle switches. The
mumber shown on the indicator can be converted from octal to degrees in
using Table 2.2.1.

For test and aligonment purposes, oxr to emulate the single laser
system, the elevation direction of the controller can be run in the test
mode. In this mode (which is selected by the "elevation mode select”

switch) the laser will fire at just one elevation as defined with the 8 mini-

switches called "test mode elevation angle". See Appendix A for card layouts



L%

USEABLE
SWEEP

v

Fie. 2.2.2 - MIRROR  LIMITATIONS ON B ANGLES

B3, 9\{(_05_1 (.3%3 LL\:\J )} ~135°
By = 135°- a{<os" (.283 ‘-“L‘“’)} )

For, | = /-QHQC,” )

H

B = D’Q{c_os_l(.?)%?)- .'so%w)} ~ 135"

Fu=135° - 2§ cos” (383 + 308w) 3
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to locate specific switches and L.E.D.'s. In the test mode the data is

tagged with elevation shot number set equal to zeroc.

2.3 Rate Buffer

As illustrated in Figure 2.3.1, when an elevation scan initiates
at an azimuth GK, and is finished by GK +A B, the rate buffer memory will
in general still contain some informatiom through am additional angle 6.,
or an additiomal time &/(Wg (g in Deg./sec.). The rate huffer is a first
in-first out memory which is 40 words deep. Data can be generated at a rate
of 10 Khz (speed of the laser), but telemetry may only transmit data at a
rate of 2.5 Khz (word rate)}. The controller will £ill up the rate buffer
memory as data is generated and the telemetry system will pull out words
and transmit them as fast as it can. Presently the interface to telemetxy
is a simpla one which makes the laser data have top priority, and only when
the rate buffer is empty can vehicle data be sent. Vehicle data is then
sent continuously until more laser data appears in the rate buffer. A
future modification may allow for just one 16-word block of wehicle data to be
transmitted after each elevation scan, and then all data suppressed until
the next elevation scan. Other configurations are possible with modest
hardware additdions.

How soon the rate buffer empties will perhaps have an effect on how
closely packed the azimuths can be placed, and this time is related to the
scan speed, the telemetry rate, the number of elevation shots per azimuih,
etec. In Figure 2.3.1, at azimuth GK +AG+ B the rate buffer memory is
clear, all information from the scan initiated at QK having been transmitted,
A calculation of 8(: under worst case conditions vields:

6c=NE/A (_I_qg - ABuninAl )
Ip 90°
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Fie. .21 = A2iutH ANGLES AND 8¢

Ne/a We hrr ABwn  AB Bc
32 180 2500 L05° 2% | 155%°
32 90 2A500 o5 A0 | oHOS?
3 o0 500 030° 2> | 04sy”
32 90 500 030 X | 1422

TABLE 2.3,1

VRATE \BUFFER CLEAR' ANGLE &~

1
8c = !VE/H F'T ?IOO )



where:
NE/A = number of elevatiomn shots per azimuth
r, = rate of telemetry link (words/sec)
Wy = speed of mast rotation {deg./sec.)
Ap s = min, separation in g of elevation shots {(deg.)
AE =34 (Wg =~ "slop" in azimuth (deg.)
W
™

Some values are shown in Figure 2.3.1.

2.4

Features

A ability to stand still in azimuth while scamning in
elevation (use "azimuth override" switch)

B ability to completely disable laser trigger pulses
{use "laser disable" switch)

C test mode - a single angle may be set with "fire
aware test mode" switches in elevation and/or azimath.
It is also possible to have one axis in test mOde, and
the other in memory mode. (Use "elevation mode select"
and "azimuth mode select” switches, and "fire angle
test mode” switches (8) to specify angle}.

D L.E.D.'s readout last address of fire in both axes,

E fire protection circuit ~ this final output stage of
the controller protects the laser from bexng fired
at too rapid a rate (due to hardware failure, neoise,
incorrectly programmed memory, etec.). A 5 Ehz or
10 Khz limit is switch selectable (use "5Khz/10Khz
select" switch). A yellow L.E.D. warns that the
10 Khz Iimit is in effect.

T the system imnitializes itself with vehicle powerup.

G UV-Proms are used for memories, so that scamning patterns
may be easily changed., (See Section 6.6).

B memories are mounted on a physically separate board
so that other memory types may be substituted (ram,
Gaproms, etc.). All are compatible as long as access
time a4 nis.

I With omly slight rewiring, the 32 azimuth with 32
elevation/azimuth scheme can be changed to a 16 with
64" or "64 with 16" scheme., Comnections for signals
SS and 3 exist to expedite.the changeover (see controller
scﬁématics, Appendix A).

18
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3. CONTROLLER OPERATION

Introduction

Circuit operation 1s discussed In reference to the circuit diagrams
in Appendix A. A block diagram representation in Figures a0 and A-10

shows the various functiomal blocks of the ML/MD controller. The
reader should refer often to the circuit diagrams and timing diagram in

Appendix A while reading the following text.

3.1 Azimuth

The pulse output of the azimuth encoder (ASP) is counted in the 8-
bit azimuth counter (Chips D7 and D8). The zero reference pulse (AZR) is
u%ed to clear this counter. Accordingly, with system start—up the mast
must be allowed to rotate once before that data will be valid. The azimuth
counter's output is being comstantly added (in chips D33 and D34) to the
contents of an 8-bit latch (D28) which should contain the desired reference
or center of scan angle for the azimuth axis. Bit C is a control bit
which means that the command link register contains a center of scan angle.

On the first pulse on ASP after C goes high, the bits C1l-C7 will be latched

-

into‘D28. The "data hold time" is that time during which the command for é
center of scan angle must remain in the command Ilink DART to insure tﬁe con—
troller will pick it up. The LSB of this angle will always be zeroc because
of available capacity of the present command link (pin 18 of D28 is tied low).
The output of chips D33 and D34 is then the sum of the actual mast position
and the reference angle and is used to address the azimuth memory (8A —-AA7)j
thus the memory is checked at each mast position to see if that position is

one at which to fire. These same address lines are displayed with 8 L.E.D.S.

The state of the 1i 2s is latched (25) at the time of a laser fire and can



accordingly be thought of as "address of last laser fire'. The same

linss (AA -AA7) are constantly being compared (D10 and D1l) with the

8-bit switch setting in case the "test mode™ is selected, in which case

if the present address matches the switch settings, the equivalence signal
(ACMPE) goes high. The signal "AFIRE" is thus either the fire bit appear-
ing as the memory is addressed, or the equivalence signal from the comparator
if test mode is selected. With the occurrence of the nexi pulse on ESP,
AFIRE is latched and AFIREL will remain high until the latch is re-emabled
(pin #1 on D29). The circuit that determines when AFIREL is allowed to be
cleared consists mainiy of chips D21, D22, and D5, D21 and D22 from an &-bit
counter (ABCNTR), and DS simply detects a full count of 255. The purpose
of the circuit is to hold AFIREL until 256 pulses from ESP have been
counted, thus assuring that all possible elevation angles have been checked
as potential fire angles at that azimuth. Note that as soon as a fire
azimuth is reached, fﬁe system will fire at the next desired elevation which
appears. It does not wait for the start of a mirror face and then fare
shots in a "top to bottom" order, as doing so would dictate twice the 1ase;
speed for the same scan rates. AFIREL acts as an enable for chips D21 and
D22 by pﬁlling the clear inputs high. When the counter reaches 255 the out-~
put of D5 goes high and D29 is allowed to be cleared (see timing diagram,
Appendix A). Before AFIREL leaves the azimuth section of the circuit it may
be overridden (set always high) with the "owerride azimuth" switch, This

allows the system to work without regard to position in azimuth.

3.2 Elevation
D32 acts as a pulse stretcher to lengthen the elevation encoder’s
pulse output (ESP) and the zero reference pulse (EZR) from l.E}LS to 3hs.

Due to the nature of the circuitry the memories must be capable of access

20
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within the width of ESP. The pulses were widened to allow system ¢capability
with all manner of memories (from slow Aproms to fast Rams), The ecntroller
was designed such that only the leading edges of the encoder output signal
are used for critical timing, as they are the most accurate edges. The
. circuit formed by D6 plus an AND gate and an OR gate generates the elevation
counter load signal (ECLOAD). Addition of the reference angle ig accomplish-
ed by presetting the elvation counter (ECOUNTR), which is formed by D1% and
D20, The ECLOAD circuit cam be thought of as a black box with ioputs EZR,
ESP and OUTPUT ECLOAD. With ECLOAD being generated as shown in Fig. 3.2.1.
The counter is loaded when ESP rises with ECLCAD low. The QUTPUTS of ECOUNIR
address the elevation memories, and are also monitored by comparators (D8 and
DY) and compared with the test mopde elevation angle switches. The output of
the counter is also, as in the azimuth axis, displayed via 8§ L.E.D.S., whose
states are latched in D26. This displays the last elevation angle of fire.
Note that this address is always one greater than the specified fire address.
Di2 and D13 form a 2-to~l selector to choose between memory and test mode.

The selected signal EFIRE) becomes EFIREL when latched in D27 by the falling
edge of ESP. EFIREL is A¥Ded with AFIREL and with ESP to produce the unprotected
fire signal (FIREUN). Noée that the system was designed to fire with the pulse
on ESP following the one for which a desired fire angle was found, in order to
make the system less dependent on the type of memorles used. This operation

is most clearly seen and understood in the system timing diagram (Appendix A).

3.3 Fire Protection Circuit

The circuit consists simply of 2 monostables with different pulse
widths (D21) and a selector (D16)}. A 5 Khz or 10 Ehz limit may be selected,
or the laser may be completely disabled. The pulse widths used are simply

the reciprocals of 5 Khz and 10 Khz (i.e. 200 ks and 100}@3). Therefore,
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rising edges can't occur at a rate faster than the limit selected. Thia
will protect the laser from incorrectly programmed proms, hardware failures,

ete.

3.4 System Initialization

D30 generates z short pulse (SYSINIT) when the vehicle is powered
up. It is used to clear various counters and latches throughout the
system, It uses the "power up reset! signal which is generated elsevwhers

on the vehicle,

3.5 Rate Buffer
Tnput_Side

Data loaded into the first in-first out memory (FIF0) consists of
the laser shot number (L.SN) from latches (R&hand R5), the EOS bit from the
azimuth board, and the 10-bit address from the receiver, The FIF0O is
loaded when the controller receives the "receiver data ready” pulse from,
the detector. If the FIFO is full the data is simply lost. Care must be
taken when programming the proms to consider scan speeds, eic., as egplained
in Sec. 2.3 so th;t the FIFO's capacity will not be exceeded, See Appendix

B for manufacturer's data on the rate buffer chips.

Output Side
The output ready signals (OR1, OR2, OR3) from the 3 FIFO memory

chips (R1, R2, R3) are ANPed to form the input to the "Systenm Select"
circuitry of the telemetry control system. When the FIFO has data to be
sent it will force telemetry (presently given highest priority) to select
laser data on the next output word. The shift data out signals (801, 802,

S03) are generated simply by NANDing the "laser system selected" signal with
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the "word rate" signal from the telemetry system.

3.6 Memory

The memory is located on a physically separate card to facilitate
changes in the future. Because of availability of the chips and the pro-
grammer 1024 word UVPROMS are used. Accordingly, address lines A8 and A9
(most significant bits) are tied low, so we use only the first 256 words.
Pins 18 and 20 are held low to place the chip in "read" mode. Care must be
taken that the -5 volt supply be the first supply switched on and the last
switched off. A circuit for this power-up, power-down arrangement is on the

memory board.

3.7 Diagpnostic Procedures

As a starting point, always check power to all the cards in question,
as this has proved to be a frequent cause of problems in the past. I
trouble appears in the elevation sectiom, check operation of the input cirecuit
to see if it agrees with Figure 3.2.1, If it is working check EFIRE iy test
mode you should see one pulse here for 256 on ESP. If the circuit appears to
be working but the laser is firing randomly, check coupling of encoder to
mirror for slippage. If no fire laser pulses arefappearing, check what is-
disabling them —-- FIREUN, AFIREL or ESP. In azimuth a frequency counter com~-
pafing AFIRE (in test mode) with ASP should show a ratio of 256 — that is a
quick way of finding a fundamental problem. The rate buffer iz best checked
as an integral part of the telemetry since stand alone testing would require
additional test circuitry to emulate the telemetry control signals. Naturally
check the obvious signals if trouble occcurs (i.e., receiver data ready signal,
FIREUN switch latches data, shift in, input ready, shift out, etec.).

Other problems must be dealt with as they arise, and an understanding
of the circuit operation and reference to the schematics are the best guides

for the trouble-shooter.
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4, CONTROLLER I/0
4.1 Tnputs

A1l inputs are standard TTL level signals.

10.

11.

4.2  Outputs

ESP — the pulse output of the elevation or mirror encoder.

EZR - the zerc reference pulse of the elevation or mirror
encoder.

ASP - the pulse output of the azimuth or mast encoder.

AZR — the zero reference pulse of the azimuth or mast
encoder.

Cl thru C7 - the 7 most significant bits from the command
link's UART. Used for azimuth reference angle.

€0 - the 8th bit from the command 1link's UART. Will
signify that an azimuth reference angle has been received.

POWER UP RESET - Generated in the existing electronics on
the wehicle. Used to initizlize the system.

RECEIVER DATA READY - Generated by the recelver signifying
that the receiver's output { 0- 9) is valid.

0 thru 9 - information from the receiver,
WORD RATE - Signal from present telemetry system.

LASER = 1 - Signal from present telemetry system. Used
with "word rate" to request data from the FIFO rate buffer.

All outputs are standard TTL level signals.

l.

2.

FIRE LASER - Signal to fire laser on leading edge and used
by receiver for time gating.

EDOS' - End of scan signal (last elevation shot at last
azimuth), rate buffered.

EOES' — End of elevation scan (last elevation shot at ith
azimuth), rate buffered.

0* thru 9' - Information from receiver, rate buffered.
TASER DATA HERE - Signal to inform telemetry that data is

waiting in FIFQ. Will force telemetry to take laser data
for next telemetry woxd.
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6. SO' thru S9' - laser shot number, rate buffered.

4.3 Notes on I/0

Information on lines CQ~C7 from the command 1ink must remain in
UART for a long enough time for the controller to latch it. Latching
occurs when a pulse on ASP coincides with CO being high. Thus data hold
time is equal to {ZSGWQ)_I seconds, where Wg is in revolutions per second.

The receiver data ready signals should be normally low and should

go high only when the &, data is wvalid, and the ‘Ii data must remain

i
valid 30 Jus after receiver data ready goes high. Suggested is that the
oy be always valid when receiver data ready signal is high, and this signal
should be 30}LS long.

Only the leading edge of the fire laser signal should be used by
the laser and receiver.

All rate buffered data should be comnected to the auxillary inputs

of the telemetry system according to the format in Section 6.3.
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5. ALIGNMENT, CALIBRATION, TEST PROCEDURES

5.1 Alignment in Elevation

With the mast vertical, and the vehicle on a flat surface, set
"azimuth override" switch to off, which will cause it's L.E.D. indicator
to go off. In this wode azimuth position is ignored, and the azimmth motor
should be disabled so that the mast is stationary in azimuth. The laser
must be adjusted with respect to the mirror (may be slid in or out). Refer
to Section 6.2 for desired location of laser. Set the tegt mode salect
switch, and the elevation angle test mode switches so that the system should
fire a single shot at 45°. Use Table 3 to find the switech settings which
correspond to 45°., Remember that the switch's value is V1" if it is set to
"of£". By simple geometry mark the point on the ground where the spot should
appear. Use the T7.V. camera-monitor to find the spotfs actual location. The
encoder's case can be loosened with 3 bolts and rotated with respect to it's
axis about 15°., This should be set to bring the spot to the desired location.
Thus the system is basically electrically aligned using the reference angle
switches. Once their proper setting has been experimentally so determined
they should be left alone. The same settings will be used in ﬁémory mode so
that the shots will appear as expected in locations corresponding to the list—
ing of Table 2.2.,1. The laser lensing system should be adjusted for minimum
spot size on the terrain. A8 there is not a receiver at the time of this

writing, its aligmment won't be discussed here.

5.2 Alignment in Azimuth

In this axis the accuracy is not as critical and the alignment pro-—
cedure is a mechanical one. Set controller to test mode in both axes. Select
any reasonable & angle (30° perhaps), and set the azimuth data angle to -90°
{see Table 2.1.1). With power up the reference angle latch should be cleared

which corresponds to a center of scan angle of 90° (see Table 2.1.2). The
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result of this setting is that the laser spot should appear at § = 0°,
+£A/2), or directly in front of the vehicle., If it does not, the encoder
must be mechanically adjusted. It is rotatable through about 15° degrees
in azimuth, if this is not sufficient, the shaft will have to be moved
with respect to the drive gear by readjusting that coupling, Reference 1.

A second and perhaps easier method of azimuth aligoment d4is to
monitor the zero reference pulse (AZR) from the azimuth encoder, If the mast
is at the'zero" location this signal should be at a high level. This should
happen when the mast is pointing at ©= 180% or straight backwards. The
mast should be set pointing backwards, and the encoder rotated until the

signal AZR goes hugh.

5.3 System Calibration

Once aligned, the system will be calibrated according to the informa~
tion in Tables 2.1.1 and 2.2.1. Table 2.1.2 shows how the desired center of

scan angle should be sent by the computer.

5.4 Test Procedures

Using the test mode for a few various angles, check the results geo-
metrically fé; a quick test of the system. Accuracy éf the pointiﬁg angle in
elevation can be measured by rotating the mirror slowly with the mast
stationary in azimuth, The amount of wobble of the spot can be measured and
related geometrically to a variation in pointing angle. This should be less
than 0.1°. This is not as easy in azimuth since data in this axis is only
expected to be known +4£/2. Sufficient testing will show if all shots are

always within the A8 zone. For some notes onr electrical troubleshooting and

testing see Section 3.7.
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6. RELATED SUBSYSTEMS
6.1 Mirror and Mast Speed Control
Introduction

Since the speed of scamning will be an important factor in how fast
the vehicle can travel, it is certainly desirable to be able to choose the
mast speed (i.e. scan speed) and once set, have it be controlled accurately
so that the overall integrity of the system is maintained.

The quantity A€ (units of degrees) is that amount in & which the
mast moves during a complete elevation scan, and is obviously related to
the ratio of mast speed (Wg) and mirror speed (Wm), in fact: At= 360(Wg/8Wx)
= 45(Wg/Wy) degrees. Thus the € angle of any shot is always known to be
Gk + AE/2, and for this reason, the speed of the mirror relative to the
speed of the mast must be controlled accurately so that the value of A& is
accurately known. Note that encoder supplied position information is always
used to determine when a fire angle is reached, and 1s thus independent of
motor speed, that is, no timing of motor speed is relied on. However, as

mentioned above, exact placement of the shots in the azimuth (6) direction

will depend on the ratio of the two motor’s speeds, since any elevation scan
will initiate at the proper azimuth location (independent of motor speeds),

but will be spread aver A (dependent on ratio of motor speeds).

6.1.1 Control Cirenit

A phase locked loop motor control schems was chosen to control the
speed of both axes since encoder outputs were available because their use was
dictated by other system performance criteria, and alsc since with this type
of arrangement the ratio of the: two speeds can be set quite exactly by using
a master clock and a divide-by circuat. Overall scamning speed may be ad-
justed with the master clock frequency, and A& may be set by adjusting the

divide by circuit. In a future system, the scan speed and A€ could easily
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be sent by the computer because of the digital nature of this type of

control scheme. Also, the set-up contains very little amnalog circuitry
which can drift and become misaligned. TFigure 6.1.1.1 shows a block

diagram of the speed control system. The loop filter 1s basically an
integrator, in this case approximated by amn active low pass filter. The
amplifier is just a motor driver circuit or D.C. amplifier. Presently

the mirror motor's amplifier has a voltage gain of 10, and the mast motor's
amplifier has a voltage gain of 20. The gain may be adjusted by altering

the ratio of RC to RE in the amplifier circuit (see Figure 6.1.1.1). The
first stage of the amplifier supplies voltage gain, the second two stages

are a follower circuit with voltage gain near unity but with signifiecant
current gain. Both amplifiers have the same design except for resistance
Values which vary because the supply voltages are different. The loop filter
uses a Darlington pair amplifier which is on the PLL Chip (to be used for just
this purpose) - - . . . Note that the filter's transfer
function may be writtem as: F{s) = R2/R1 + 1/RlCS, therefore it has a low
pass characteristic, but represents a fixed gain of szRl to frequencies be—

yong the passbaan For this reason, the ratio of R2/Rl should be small, and )

N S -

1/10 was used-here. It was found during bench testing that performance
wasn't affected much by varying the capacitor in the filter (i.e. moving

the filter's zero) as long as the low pass characteristics was present.

Also varying the gain in the amplifiers didn't change things much. Apparently,
due to the relatively large inertias being driven by relatively small motors,
both systems have long mechanical time constants, or on the root locus, a
"slow" pole NGAR the origin, so that the location of the filter's zero isn't
critica; or in other words, the motor-load systems are in fact too "slow" to
react to any high frequency components of the drive signal so the filters
break frequency is not eritical, only its integrating action is needed. How-

ever our motors have small high speed armatures driving gearboxes, and if
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here is any play in the gears at the input side of the gearbox (which

there always is), the armature will be free to move back and forth a bit
without driving the load inertia., In this situation the mechanical time
constant of the motor's armature must be considered, and corresponding high
frequencies of the drive signal removed to prevent the armature from
rattling around in the gearbox, a situation which is presumably not good

for the motor and gears. It should be stressed that although the system
works as good as need be for our use, it could be optimized. In fact, much
is to be learned here. I made a quantitative study, as iz done in References
5 and 7 and found, according to my model, that this system which works en

the bench should be completely unstable. Obviously, the model isn't accurate.
I'm sure the problem is in the loop falter, as the loop's performance is
quite sensitive to changes here, and the present realization of the filter
probably doesa’t exhibit the "ideal" transfer function which was used in my
analysis. Some suggestions: Build the filter using an OP-Amp and be sure of
the transfer function you're getting. Also to this end, 2 non-inverting
buffer stage between filter output and DC amp input would reduce loading

effects which may be responsible for some problems. Actually the use of PiL's

in phase-locked DC motor servos is a new area in which quite a lot of work

could be done -~ few people understand them.

6.1.2 Motor Selection

1. Mirror Motor

The motor chosen was the Micro Mo #330/09 (see Appendix B).
Figure 6.1.2.1 shows schematically the mechanical system driven by the mirror
motor. The GSAR reduction ratio is N = 1/5.4, which leads to the following

equation for the total system inertia as seen by the armature:

2
= +
Jtot Jmot N (Jmir * Jenc)
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where:
= 0.208 x 10°* 0z. in. sec.Z
mot
- 2
Jmir = 00,0311 0z. in.sec.
J = 4.0 x 10 0z.in.sec.>
enc

The inertias for the armature (J __) and for the encoder (J__ ) were
mot anc

given by the manufacturer, and the mirror’s inertia (Jﬁir) was astimated

by Dave Knaub of the Mechanical group. The calculation yields a value

of J_ . equal to 1.083 x 1073 Oz.iq,sec.z To develop a mechanical time

constant of the system, the armature inductance (LA) was considered small

and the damping was assumed small, Then:

T - R.J -
M&ot A tot 808.84 ns.
where R, = armature resistance = 21

A
Kp = back em.f. comstant = 0.014133 S5C-
rad

K, = torque constant = 2 in.oz./amp
T mtot = total mechanical time constant = 808.84 ms.
since the electrical time constant of the motor is LA/RA = ,031 ws, it can

certainly be neglected. Then a model of the electro-mechanical system is:

M, (s) = —;75-51—— = M = 70.756
1(s) sC props * 1) S(.8088sH1)
or M(s) = 87.479

s(s + 1.236)
The system should come up to speed in about a’rﬁtot geconds or 3.235

seconds, which is quite acceptable.

2. Mast Motor

The motor chosen is the Globe 168A229--2 (see Appendix B).

34
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Figure 6.1.2.2 shows schematically the electro mechanical system of the
motor-mast pair. The gear ratio is N = 1/192 which leads to the following

equation for system inertia as seen by the armature:

- 2
Teot = Tmot ¥ ¥ (Jmast)“
where Jmot = armature and gear box inertia = 0.00135 oz. in. sac.2
Jmast = estimate of mast slip ring, encoder imertia = 0.986 oz.in.sec.2
which yields Jtot = 1.3767 x 10_3 cz.in.sec.2 Note this Is just an approxi-

mation, derived by Dave Knaub before the mast was constructed. Then assuming

a low inductance and damping in the syé%em

R J 3
'T‘mtot = _é.....EE.E. = (3603) (1-3767 x 10 ) = 2.19 sec
KKy (0.0127 (1.8
where RA = armature resistance = 36.3
Ke = back E.M.F. constant = 0,0127 V,sec.
rad

it

torque constant = 1.8 oz.in./amp.

%

Thtot = mech. time constant = 2.19 seconds

The system transfer function is approximately:

() = 28 . UK
2 s 1or 5 F 1)
l _ 35.96
or M) = G+ 0.457)

The system will come up to speed in 4'rﬁtot or about 8.76 seconds.
This in itself is acceptable, however the system mayrnot be fast enough to
adjust quickly to changing disturbance torgues. There is still some question
as to whether the motor is adequate and depends on the friction inherent in
the gears, bearings, etc. Future experimentation will indicate whether a more

powerful motor should be used.
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6.1.3 Test Results

Because of varying friction as the motors turn, and because the
time constants of the rotating systems are too long to allow fast corrections
by the control circuitry, neither axis locks in phase completely. Observing
the waveforms on a dual trace scope shows that they nearly lock but friction
and disturbance torques cause the signals to slide out of lock periodically.
Averaged over 1 second, the mirror motor's speed matches the reference clock
within + 0.2%, and averaged over 10 seconds, it is within + 0.01%Z. This pex~
formance is certainly better than needed, so not being always locked in
phase is not a problem. The mast motor seems ta have to battle the friction
and should perhaps be replaced with a larger motor. If the gears ars freshly
oiled and aligned, its speed averaged over 1 second is within + 1% of the
reference, but normally only + 5% regulation can be expected. The accuracy of
these motor speeds dictates how precisely AE is known, so + 5% may be accept~
able, but the uncertainty should not be much more than this. Presently on the
bench the motors are running in a ratio of 24, thus the AL is 1.875°, and the
ratio holds within 5% so the "guaranteed" A8 dis about 1.9°. To insure that
Z{Q stays within the 2° which is hoped for, the motor speed should be checked
periodically to imsure that the ratio of 24 is held within 5%. Presently the
overall scan speed can be set with a pot to any value from 1 scan per 3.80
seconds to 1 scan per 1.35 seconds. Moving outside thas is possible but would

require some minor modification to the clock circuit.

6,2 Mirror

Introduction

The following page shows the development of equation (8) which demon-
strates that the frequency the laser must be able to fire is inversely propor-

tional to the number of mirror faces (N). However, N is limited because the
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total angular scan available cff a polygonal mirror is also inversely pro-—
portional to N. A good compromise is to choose N = 8, so that Jﬁtot is 90°,

and the frequency of the laser (FL) is also reasonable.

6.2.1 Mirroxr Description

An B-sided mirror was located and purchased from Lincoln Laser
Company, 625 South 5th Street, Phoenix, Arizona 85004, (602) 257-0407. The
mirror is a stock item #P0-8-30C~087 with high reflectivity coating. Some
data sheets supplied by Lincoln Laser are in Appendix B. The mirror is 0.941"
wide and each face has a length of 1.2426". The mirror is solid aluminum
coated with nickel, coated with a reflecting coating. See data sheets for

other information.

6.2.2 Clealling

A, If dirty with gritty type dirt brush off lightly with
camel hair brush,

B. Wipe mirror gently with surgical cotton wetted with
acetone or isopropyl alecohol.

C. If still dirty, wipe with cotton wetted with water
containing a mild detergent, then wipe with water to
remove detergeut, then wipe with acetone (or 1s0-~
propyl) and let this coating evaporate off. -

D. Other questions call: Randy Sherman at (602) 257-0407.

6.2.3 Notes

Figure 6.2.3.1 shows the relative placement of laser and mirrox
if it ds desired to sweep through angles in ;9 of 0° to 90°. The offset
between the center of the laser’s beam and the mirror's axis of rotation
should be half the length of a mirror face. During the conceptual phase
of developing the elevation scanuing system, much thought was given to error
arising from imperfect mirrors (non-flat faces, low accuracy angles between
adjacent faces, etc.), but having found this precision marror these considera-

tions are no longer necessary, and have not been included.
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6.3 New Telemetry Data Format

The laser triangulation data generated by the elevation scanning/
multi-detector system will be of quite different form as compared with the
single elevation system. The following is a suggested format of the tele-—
metry word's 26 bits, and how the DMA address is extracted from these bits.
Each telemetry word contains 26 data bits (DBE1-DBB26)., These bits are ail
loaded into the Interface located in the expansion chassis of the Varian
620i Computer. The interface uses some of the bits to generate the address
at which to load the data bits which are also some subset of the 26 telemetry
data bits. The interface is wired to always load bits DBB6-DBB2L inclusive
as DMA data. The address is formed as shown in Figure 6.3.2. The bits 8§

1

through S_ are the outputs of latches which are loaded (via software) with

7
the 7 most significant bits of the address of the beginning of the DMA data
block. The figures and discussion here assume octal 1000 is loaded for the

DMA block address. (That is Sl—""‘S7 = XX00000, Sl and S2 are don't caves).

8, s always assumed high, and s, is always assumed low, they are “don't cares",
and therefore starting addresses are limited to: 001000, 005000, 011000, 015000,
ete. Figure 6.3.2 shows the logical function which should be realized for each
of the E-bus lines during DMA address phase. This entails slight rewiring of
the interface. Figure 6.3.1 shows the format of the telemetry word for vehicle
state data and laser data., The Ai tag the vehicle words with an identifier.

For vehicle words the bits N, through N, . will indicate the last azimuth number.

6 10
In the data field, 14 bits are shown for «; , but probably only 10 will be

used, Reference 1 . The EOS bit will be high if the laser word containing it
is the last in the scan pattern. Alternatively, this bit may be comnected in

the controller to be the end of elevation scan bit (EOES) in case an interrupt

at each azimuth is desired. Figure 6.3.2 shows the logic which initiates an
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interrupt request in the interface. TFigures 6.3.3 and 6.3.4 show how the

data will be placed in core.

6.4 Handshake Capability

Whenever a computer generated command is sent to the vehicle, a
feedback path should exist to verify that the vehicle indeed received the
command. Presgently, if a steering command is sent, for example, the steer—
ing angle sent back (ome of 16 vehicle words) can be monitored to see if it
is in fact carrying out the desired command., Likewise with speed commands,
since Tach readings are set back via telemetry, To provide znother feedback
path and one which Is general for any command, a capabkility has been added
which echos the commands received over the command link back to the computer
via the telemetry link (see Figure 6.4.1). This capability should improve
system integrity and help in diagnosing problems in the command and tele-
metry links. The new telemetry display box built hy T. Comins and J. Turner
will be able to indicate the last command received at the wehicle, and will
provide a quick check of the command link. Indeed there may be instructions
sent by the computer for which there is no cother feedback path to tell whether
the vehicle ever accepted the command ; for example, when sending the desired
center oé scan angle injazimuth one certainly needs to know if the command was
received as it changes the maning of all the laser shot numbers tagging the
laser data.

The echoed command appears in the lower half of the first vehicle
state word, called the ''Latch Data" word. The new format for this word is
shown in Figure 6.4.2. It is placed such that the lower 3 seven-segment
readouts on the telemetry display box will indicate the instruction in octal.
The software group is presently developing a subroutine to check the echoed

command against the one sent as a standard part of the output routine.



ADBRESS MEANING
L0004 AZ\MUTH # 0O ELEVATION#0

Q001 AZ\MUTH # 0 ELEVATION # |
200dg | AZIMUTH % 0 ELEVATION 2

s 0 ¢4

L

037, AZIMUTH #0O ELEVATION 421
20404 AZIWTH # | ELEVATION £ 0
0%, AZAIMUTH ) BLEVAT|ON # |

© »

-

3FFbs | AztvwTH 331 ELEVATION 30
3¥¥Tg | AximyTi $21 ELEVATION #3

El16. 6.3.3 LASER DATH <CORT LOATION



ADDRESS MEANING
|000; | AZIMUTH #0 VEH WOoRD# O
JO0Ys | AZIMUTH %0 VEH. WORD & |
1002, | AZIMUTH#0 VEW WORD # Q

-

101, [ AZIMUTH #0  VEH. wWoRD |5
1020; | AZMUTH &1 VEH, WORD ¥O
1021, | AZIMUTH %] VEH woRD 3|

-

17765 | NZ\MUTH 3431 VER, WORD 2514
|¥97; | AZIMUTH %3\ VEW. WORD # |5

Fi6. 6.3.4 VEHicie DATA CORE  LOCATION



5 L

TRANS REC,
TNTERFACE ’
AC TELEMETRY COMMAND
TRANSMIT I RECEWER
y SNSTEM SYSTEM
X /' N/ /]
e eQ ,/8 -———-}
LAST
VARIAN | COMMAND 7
COMPUTER VEMICLE RECEWED TO VARIOUS
STATE. & VEHI QLE
LASER, DATA SURSYSTEMS

Fle. 641 HANDSHAKE CAPABILATY

LYy



D RIGWT FRONT HERT
D. LEFT FRONT HEAT
D, RIGHT REAR LATLH
Dy LEFT REAR LWANTLH
Ds a4 VOLT LowW
De A VOLT Low
D7 SIGVMAL LOSS

Dg @

Da Cg  (nsw)

Dio Cs

Du Ce LAST

D111 C e COMMAND
Dia Cy RECEWNED
Dy Cs T

Dis C1

D <, (Lse)

Fle 6.4.2. FORMAT OF 'LATCH DATA  WORD

48



49

6.5 Encoders

Elevation Fncoder Selection

It was desired to have a resolution of 2048 pulses for revolution
which corresponds to a pointing angle resolution of 0.35°, Note that the
angle through which the beam moves when a mirror is rotated is twice the
amount of the mirror's angular rotation. Therefore the 2048 pulses per revo-
Iution were needed, not 1024 for 0.35° resolution. The 2048 pulses whern
counted and presented in parallel fashion appear as an 1l-bit address. The
top 3 bits are actually the face aumber (0-7) and the lower 8 bits are the
256 possible fire locations. Accordingly only an 8-bit counter is used in
the controller, as all 8 sides of the mirror are assumed equivalent. The
elevation encoder had to be selected for small size and weight since it is
placed at the vertical top of the mast. The Teledyne Gurley 8602-69-1024-022
was selected for performance, size, weight, and proximity of the manufacturer.
It includes a second piece of hardware called the "Signal Conditioner® which
is mounted on the mast Jjust ahove the upper mast bearing. Its output is a
TTL level pulse train which goes directly into the controller. There is also

an index pulse. See Appendix B for information from the manufacturer.

Azimuth Encoder Selection

An encoder was chosen with 256 pulses per revolution as am output,
plus a zero reference,. This corresponds to a resolution of 1.4° in azimuth.
This is deemed sufficient since rhe datydensity in this direction is expected
to be much less thzn in elevation {(i.e. adjacent azimuth angles will probably
be 10° apart, whereas adjacent elevation angles will be perhaps 1° apart).
The size and weight of this encoder was not so erucial and it is physically

larger and has the signal conditioner section actually built right in, It
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outputs standard TTL level pulses. The Teledyne-Gurley 8635-128-022 was

selected. See Appendix B for manufacturer’s specifications.

6.6 Proms

Prom Selection

Since it is desirable to be able to change the scan pattern occasional-
1y, an erasable prom was chosen. Due to the availability of a compatible pro-
gramming machine in the building, ultra~violet erasable proms of 1024 x 8

organization were used. We presently use 2708's manufactured by Intel,

Programming

Professor Das of the E,S.E. Department at R.P.I. has a programming
system called "BYTESAVER". It is presently located in Room 6114 in the Engin-
eering Center and operated by Greg White, a student. Desired addresses and
desired data should be supplied to the operator of the programming machine in
hexadecimal representation. This representation appears for this purpose in
Tzbles 2.1.1 and 2.2.1 since words 256 through 1023 are never addressed, their

contents do not need to be programmed. A data sheet appears in Appendix B.

Power Supplies

The memories require -3, +5, and +12 volts. Also, the -5v supply
i

should be the first switched on and the last switched off. A circuit fto

accomplish this has been built on the memory board of the controller.

6.7 Programs for Angle Listings

The listings in Tables 2.1.1, 2.1.2, and 2.2.1 were all generated
by a block of programs written by Bill Kennedy (Spein '78) in order to facili-
tate the selection of fire angles. It may quickly be seen which angles are

avallable, and from this sei, a set of desired fire locations can be chosen.



Since some portions of the output depend on supplying inputs such as

Af , scan speed, laser beam width, etc., the programs should be rerun
as needed. The following summarizes the inputs and outputs for each of

the programs. The program lists themselves appear in Appendix C.

File - AZIMANG

Descrip.— FORTRAN program to compute available azimuth
data angles, their initiate angles, and
addresses in memory.

Inputs — Mast wvelocity, and mirror veloclity, in radians
per second. To change values, replace the res-
pective assignment in the initialization block
of the program

Cutput —~ 1) list of azimuth data angles, their initiate
angles (degrees), and addresses in memory in
octal, binary and decimal formats.

2) mast velocity (rad/sec, and xrpm)
3) mirror velocity (rad/sec, and rpm)
4) data hold time (seconds)

5) A& (degrees)

6) number of scans per second
File - ELEVANG

Descrip.— FORTRAN program to compute available elevation
angles

Inputs ~ 1) LMIR, the length of one mirror face {inches)

2} WBEAM, the width in inches of the laser beam
at the mirror's surface

3) LASLIM, the limiting frequency for centinuous
laser operation (hertz) ’

4) R¥YMIR, the angular velocity of the mirror (rpm)

These valueg may be changed by replacing the
corresponding assignment in the initialization block.

Qutput = 1) list of available elevation angles, and their
corresponding address in memory (octal, binary,
and decimal). Asterisks are placed at angles
where only partial power is available from the laser.

2) Aﬁ min(degrees) - an integral multiple of the

encoder resclution.



3) Laser limiting frequency (hz)
4) Mirror velocity (rpm)
5} Beam width {inches

File - COSANG

Descrip.- FORTRAN progranm to compute available center of
scan angles for aziwmuth scamning.

Inputs - ¥None

Outputs—- 1) list of available center of scan angles
{degrees), their reference zngles in the
controller (actsl, and binary) and the
correspending computer command word (ockal,
and binary).
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CONCLUSION

Early testing of the laser-mirror-encoder-controller laser beam
pointing system shows that pointing accuracy well with 0.1° has been
achieved in the elevation axis. Due fo an as yet unreceived azimuth encoder,
that axis has not yet been tested as of this writing., The system cam fire
up to 32 elevation shots at each of 32 azimuths, elevation shots may occur
as close as 0.35° apart as long as the maximum fire rate of the laser is
not exceeded. Im azimuth the system can fire adjacent shots as close as
1.4° or 2.8° (depending on scan speeds, g ) in azimuth. The scanning
speed and AG can be accurately adjusted for any configuration. The UVPROMS
make it easy to change the scanning patterns to try any new concepis
suggested by the group.

We feel we have developed a reliable, flexible system which with
little or no modifications can be employed to implement many different
scanning schemes. The ML/MD scanming shstem developed in the 1977/78 academic
vear will form the cornerstone of the R.P.I. Mars Roving Research Vehicle
for years to cone. -

During the course of the ML/MD system development many ideas were
;uggested by vaiious group members which couldn't be implemented this year.

A key to building a powerful autonomous system is to increase
the bit rate capability of the command link. If it had the capacity of the
present telemetry link, many new features could be considered. Rams could
replace the controller's UVPROMS and the computer could, in real time, write
in the desired fire angles, so that the scanning pattern can be dynamically
changed as called for by local terrain (i.e. the rover may wish to focus

all its shots into one sector of interest). Likewise the mirror and mast

motor speeds could be sent in real time so the computer has continuous
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control of the scanning speed and AC. A very useful addition would be
a self calibrating routine, so once placed on flat ground the rover
could automatically calibrate the entire mast system by itself. (Fire
shot at known angle - see if it returns on proper detector given the
terrain is flat, and so on). Many visual aids could be made to show the
information returned by the detectors in some sort of graphic display.

A microprocessor on board to run a four wheel speed control
algorithm would be a worthwhile investment. It could also take over some
other functions. Digitizing the steering system (use an encoder instead
of a pot with A/D) and the wheel speed system (encoders instead of tachs)
would be a useful project. Presently the analog circuits drift, are un-
reliable, and usually are out of calibration.

The real challenge in the upcoming years will be in the software
area, to find the best ways to use all the information which the elevation

scanning/multi-detector system can return.
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Encoder Data Sheets

First-In, First-0Out Memory Data Sheets
8-Sided Mirror Data Sheets

Mirror Motor Data Sheets

UV-Eraszble Prom Data Sheets
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DESCRIPTION

The Teledyne Gurley Model 8602-69 1s an optical,
rotary incremental encoder that generates a photo-
transistor output on a single channel or on two
channels in quadrature, plus an optional zero index
The encoder offers a selechion of discs that range
up to 1270 lines/rev

This device was developed to permit the elec-
trical measurement of length, angle, speed or
position 1n equipment where compact size, light
weight, accurate outputs and rehability are re-
quired Optimum conservation and maxrmum ufili-
zation of space charactenze this encoder.

Use of an external Model SC-602 signal condr-
tioner can provide TTL-compatible square wave,

or 1X, 2X or 4X pulse outputs Thus, resolutions up
to 5080 pulses/rev are possible.

APPLICATION

The 8602-69 is particularly adaptable to instru-
mentation, computer and laboratory applications
where small size and light weight are important

It may be used as an electronic tachometer to
measure or control shaft speed in tape transports,
computer memory drums, and other similar equip-
ment.

The 8602-69 ndicates hinear position when used
with rack and pinions on comparators, drafting
machines, and inspection gaging machines
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Specifications
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NOTE These specifications are applicable under alt vaniations of recom-
mended supply voltage, speed, temperature and direction of travel. Im

proved performance is available under special conditions, please consuit

factory

e MECHANICAL

Materials Aluminum housing with stamnless steel shaft
Weight 175 oz. max
Size
Encader See Figure 3
Wire 30 AWG, polyalkene insulation,
6 inch lengths
Torque
Starting 015 in oz typical
Runming 605 in oz tymcal

40 X 10-% 1n oz sec?
75 X 10% rad/sec?

Moment of Inert:a
Anguiar Acceleration

Shaft Speed (non-operating) 10,000 RPM
Shaft Load
Radial 05 [bs. max
Axial g5 lbs max
End Play 00005 max
Radial Play 00005 max

Bearing Life {at lLight load) 10? revolutions

MOTE Beanng complement consists of two ABEC Class 7 Stainless
Steel bearnngs, spaced approximately 75 nches apart.

o ENVIRONMENTAL

Temperature 0° Cto +70° C
Humidity 98% rh non condensing
Shock 50 g, 11 millisec
Vibration 2 g 02000 Hz

o ELECTRICAL

Power 50 VDC 02 VDC @ 65 mA max — single channel
@ 130 mA max — dual channels

@ 195 mA max — dual channels

. with zero index

25 KHz standard

(Up to 50 KHz optional, depending on amphifier design and
specific application)

Qutput Circust

Frequency Response

Phototransistors standard
Photocells, optional.

See Figure 1
90° £=22.5*

Output waveforms
Interchannel Phasing

\

s WITH MODEL SC-602
EXTERNAL SIGNAL CONDITIONER

See separate Signal Conditioner Data Sheet for physical
size and electncal connections

« ELECTRICAL
Pawer
+50VDC =0 2VDC, with 05VDC longterm regulation and
low ripple (5% peak-to peak), 300 mA max
Qutput Waveforms See Figure 2
Output Charactenstics — Square Waves and Pulses
All outputs are DTL/TTL compatible (driver type 7404)

TTL fanout = 10 (ISINK = 16 |.T|A, iSOURCE = 400 L A}
Vg = +02V 202V, lg <16 mA

1X, 2X and 4X pulse outputs are complemented (RZ and
NRZ) and direction-sensed

Square wave cutputs are uncomplemented
Power Buffer Option (Square waves only)

Open coitector driver type 75451 or type 75452, Ve <30V,
le <200 mA }

Line Driver Option (Square waves only)
Balanced differential ine dniver type DM8830

o PERFORMANGE

Frequency Response
To 25 KHz at disc data rate
To 100 KHz with 4X count multiphcation option
Frequency response can be doubfed under special con-
ditions —~ consult factory

ACCURALCY RATINGS ¢
arc minuies
Absciute
Incremental (line to any
Error Source {adjacent Lines) other lina)
Disc Pattern =008 +015
Disc eccentricity None =083
Uncompensated 1080/ N +1080/N
signal offsett?
Quadrature *=670/N 670/ N
phasing®
Typical RS S =170 2189
value (N=750)

N=hne pairs/{disc

{1} Ratings are based on 750 < N < 1270 Accuracy mproves at
lower hne counts Improved accuracy also available at higher
hine counts under special conditlons, please consult factory

{2} For adjacent zero crossings or al any odd terval (1/2N, 3/2N,
5/2N --- apart), error i1s 2160/N For zero crossings at any even
mterval (2/2N, 4/2N, 6/2N --- apart), error 15 essentally zero
over any small segment of disc rotation

{3 If guadrature signals are used for determuning direction only, or
not at all, quadrature phasing error can be deducted

As part of our continuing product wmprovement program,
these specifications are subject to change without totice



Definition of Parameters

1. ACCURACY

FUNDAMENTAL accuracy applies to data taken at
positive {or negative) going transitions on the sine
{or cosine} output It corresponds to data taken at
the leading (or trailing) edges of the disc pattern
lines, as 1n 1x count multiplication,

INTERPOLATION accuracy applies to data taken at
poirits within a given square wave cycle For ex-
ample, data taken at both positve and negative
going transitions of a sine or cosine square wave (2x
count multiplication) or data taken at positive and
negative going fransitions of both the sine and
cosine square waves (4x count multiplication) are
interpolaied data Usually interpolated data is lower
in accuracy than fundamenta! data due to the im-
perfect duty cycle of the square waves and the im-
perfect quadrature phasing beiween the sine and
cosine square waves Refer to Fig 2

INCREMENTAL accuracy, or adjacent pulse accu-
racy, is measured from one pulse to the next Nor-
mally the incremental accuracy is valid over shaft
rotations of approximately 15° (mechanical) Incre-
mental accuracy 1s primarily deternuned by inter-
polation accuracy.

ABSOLUTE (CUMULATIVE) accuracy I1s measured
from one pulse to any other pulse Normally the
greaiest error occurs between pulses that are sepa-
rated by approximately one-half revolution of the
encoder shaft Absolute accuracy 1s the sum of
fundamental accuracy and interpoiation accuracy.

2. COUNT MULTIPLICATION
An electronic technique for increasing the encoder’s
output resolution beyond the number of line paws

Figure 1—Phototransistor
Current Waveforms

At

Typical Customer Circuit

[+

72

contained on the dise. Standard techniques allow
for 1x, 2x or 4x multiplication of the fundamenial
disc resclution 4x multiplication requires that two
quadrature square waves (sine and cosine), be gen-
erated electro-optically as in Fig 2 Transition de-
tectors, “single shots,” then form pulses at every 0
to 1 or 1 to O transition on both waveforms, This
resuits tn four pulses for every line pair on the disc,
as shown in Fig 2 For 2x multiplication, pulses are
formed at 0 to 1 and 1 to 0 transitions on cne square
wave output only. For 1x multiphcation, pulses are
formed at 0 to 1 (or I fo 0} fransitions on one square
wave output only.

3 FREQUENCY RESPONSE

This 1s defined as the maximum frequancy of funda-
mental data (humber of disc lines per revolubion x
revolutions/second) For encoders with 2x or 4x
count multiplication the output rate 1s 2 or, 4 times
the fundamental data frequency

4 RESOLUTION

The number of output data pulses per revolution

For square wave outputs, reselution correspends to
the number of {ine pairs on the disc. A hne pair con-
sists of the opaque line and the clear space next to
it Normally the term “line paw” and “line” are used
interchangeably; they both carrespond to one cycle,
of square wave output signal, For units with 1x, 2x 6t

4% count multiplication, resolution correspands to .

1, 2, or 4 times the number of line pairs on the disc
Note that increasing resoluticn by the use of count
multiplication logic usually rasuits in a decreased
cumulative accuracy, but does not affect funda-
mental accuracy.

Figure 2—Quadrature and Pulse

OQutput Waveforms available

with Signal Canditioner
option
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CONNECTIONS
Orange

Cosine
Signal return
Sine

Signal return

Brown

Yellow*

Green*
Blug**
White** | Signal return
Red +5V

Black Lamp return
Grey

index

Case ground

* Two Channel versions onl
** Qptional 4

ORBERING INFORMATION

When ordering, please include maumum speed of shaft
rotation, both operating and nonoperating Also, w1 une-
directional applications, please specify direction of rotation

8602-69 Ll | — | =

Optiorr codes with *
require an  external
signal conditioner-
insert /SC
LINES/REV ON DISC
10, 30, 36, 48, &0, 100, 120, 200,
225, 360, 500, 520, 1000, 1024,
1200, 1250, 1270 Additional
standard discs may be added
penodically, special discs can
always be rmade on a cusiom
basis
OPTION CODES
Quiput With Without
Waveform Zero Index | Zero Index
Phototransistor-
One Channel 001 101
Phototransistor-
Two Channels 002 102
Square Waves-
*Qne Channel 031 131
Square Waves.
*Two Channels 032 132
Square Waves with
* Line Driver 052 152
Square Waves with
* Power Buifer 062 162
*1x Pulses 012 112
*2x Pulses 022 122
*4x Puises 042 142

* External Signal Conditioner requured

#256 TAP 3HOLES [
120° APART —ON A.
1210DIA B C 3

+ 0000
— 6250 — 0005

OUTPUT LEADS
#30 AWG 6" LONG

+ 00
1247 - go02

TELEDYNE GURLEY CAPABILITY

In addition fto its line of standard rotary and linear en-
coders, Teledyne Guriey has designed and custormized
enceders for applications volving rilitary specifications,
extreme enwvironmental operating condittons, and high
reliability performance, as well as lowcost, fimited per-
formance requirements

Accuracies better than one arc second have been attained
with our rotary encoders, and we have supplied linear en-
coders with a resolution of one micron

Teledyne Gurley will be pleased to discuss your require
ments for custormized encoders

WARRANTY

Teledyne Gurley warrants 1fs products against defects n
materral and workmanship under normal and proper use for
a period of one year from the date of shipment

Teledyne Gurley's obligation under this warranty 1s imited,
at Teledyne Gurley’s option, to replacement or repair, without
charge, FOB Troy, NY of any defective part

The foregoing warranty 1s exclusive and m ilres of all
other warranties, and 1s not valid for any product which has
been operated in excess of its electrnical, mechantcal or
environmental ratings, or which has been subjected to abuse,
or mn which the housing has been opened, altered or
tampered with

REPRESENTED BY

&

“p TELEDYNE GURLEY

514 FULTON ST, TROY, N. Y. 12181

510y 2726300 { TWY. (710 428156/

Prantad n 11 A
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MODEL SC SERIES

EXTERNAL

o]
Ha

Featuring:

s DTL, TTL, HTL or C-MOS compatibility
-0 gutput options which include
1X, 2X or 4X count multiplication
differential line drivers
power buffers
s rugged cast aluminum housing
o excellent electrical noise immunity
2 plug-in PC boards

DESCRIPTION

The Model SC Series of external signal con-
ditioners are designed for use with Teledyne
Gurley’s miniature optical, incremental encoders to
provide those electrical output options not availa-
ble in the encoder itself.

Specific signal conditioner models are available
for each Teledyne Guriey miniature encoder, i.e.,
SC 602 series for Model 8602-69 encoders, SC 610
series for Maodel 8610 encoders and SC 708 series
for Model 8708 encoders.

The signal conditioners offer differentiat line
driver options and open collector power buffers.
This provides interfacing compatibility with DTL,
HTL, TTL or C-MOS equipment. In addition,
higher electrical noise immunity is achieved and
sufficient power is generated to drive signals over
long tengths of coaxial cable, strip-line or twisted
pair leads. The current drive capability is 200 mA
maximum and the voltage driver is 30 volis
maximum. The lines being driven should have
characteristic impedances of 50 to 500 ohms.

The signal conditioners are housed in a cast
aluminum enclosure which can* be opened to

74
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MEASUREMENT
COMPONENTS

“SIGNAL CONDITIONERS

L

provide access to the two plug-In circuit hoards in
the uniikely event that maintenance is required.
This featurs also accommodates future changes in
circuitry, if desired

APPLICATION .

The SC Series of signal conditioners can extend the
electrical options of the Models 8602-69, 8610 and
8708 encoders to square waves or TTL pulses which
inctude 1X, 2X or 4X count multiplication of the
line palrs on the encoder disc or scale. This
increases the resolution of the encoder and the
scope of applications. These signal conditioners are
versatile. A unit which originally generated square
waves can later be modified to praoduce TTL pulses
by stmply changrng the piug-in PC boards.

By remotely locating the electronics, un-
paralleled space efficiency is reslized in the en-
coder system, .

The signal conditioners will transmit encoder
information to drive optical couplers such as
LED’s, memory units, counter/displays, control
circuits and relays orlamps.
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"General Specifications

# MECHANICAL

Matenials east alumunum housing
Woeight 20 oz. max.
Size See Figure 3

{Cansult drawings [Figure 3] for mounting provisions)}
Mating Connector Cannon DA 188 (furnished)

¢ ENVIRONMENTAL

Temperature 0°Cto+70°C
Humdity 98% rh, non-condensing
Shock 504, 17 millisec
Vibration 16 g, 0-2000 Hz

o ELECTRICAL
QOutput Circui
Qutput Waveforms

See Figure 1
See Figura 2

Pulse output characteristics

All outputs ae DTL/TTL compatuble {drnver type
7404),

TTL fan out = 10 {lgjuk = 16 mA, lsource = 400 & A)
Vo =+3.7+1.3V, log=400sA, Voo =50V
VoL=+02V+02V, gt =—1.6mA, Ve =50V
1X, 2¥, 4X outputs complemented (RZ and NRZ)
Index cutput complemented {RZ ana NRZ)

Balanced differential hine driver type DM 8830 (square
waves anly).

Power buffer, open collector driver type 75451 or type
75452, complemented or non-complemented, Voo =30V,

75

System Specifications

& MODEL SC-602 SERIES
{Used wittr a Model 8602-69 Rotary Encoder)
Poawer +H0VEQ2VOI00mA, max.

Frequency Resopnse
{defined as number of line pairs X
revolutions per second of the disc)

To 60 KHz at drsc data rate {100 KHz optional)

To 200 IKHz with 4X count multiplication
Accuracy {400 KHz optional}

As specified in the Model 8602-69 Rotary Encoder
Bulletin,
s MODEL SC-610 SERIES
{Used with a Modei 8610 Rotary Encoder}
Power +50V 0.2V @250 mA, max.
Frequency Response

(defined as number of line pars X
revolutions per second of the disc}

To B0 KHz at disc data rate
To 200 KHz with 4X count muloplication
Accuracy
As specified in the Model 8610 Rotary Encoder Bufletin.
o MODEL SC-708 SERIES
{Used with a Mode! 8708 Modular Encoder}
Power +5.0 V0,2 V @ 300 mA, max.
Frequency Response
{defined as number of {ine pairs X
revolutions per second of the disc)
To 50 KHz at disc data rate {100 KHz optional)
To 200 KHz with 4X count multiplication

Accuracy 4400 KHz optional}

As specified in the Model 8708 Modular Encoder
Bulletin,
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Definition of Parameters

1. ACCURACY

ABSQLUTE (CUMULATIVE) sccuracy is measured from
one pulse to any other, arbitrary pulse. Normally the
greatest error occurs between pulses that are separated by
apgproximately one-half revolution of the encoder shaft.
Absaolute accuracy 1s the sum of fundamental zccuracy and
interpolation accuracy.

FUNDAMENTAL accuracy applies to data taken at positive
{or negative} going fransitions on the sine or cosine square
wave outputs, It corresponds to data taken at the leading
{or trailing} edges of the disc pattern hines {1x count
multiplication).

INCREMENTAL accuracy, or adjacent pulse accuracy is
measured from one pulse to the next. Normally the
incremental accuracy is valid over shaft rotations of
approximately 15° {mechnical). incremental accuracy is
primanly determined by interpolation accuracy.

INTERPOLATION accuracy apphes 1o data taken at points
within g given square wave cycle, For example, data taken
at hoth positive and negative going transitions of a sine or
cosine square wave {2x count multiplication} or data taken
at positive and negative going transitions of both the sine
and ,cosine square waves {4x count multiphcation} are
interpolated data. Usually interpofated data i1s lower 1n
accuracy than fundamental data due to the imperfect duty
cycle of the square waves and the imperfect quadrature
phastng between the sine and casine square waves. Refer to
Fig. 2.

2. COUNT MULTIPLICATION
An electronic techruque for increasing the encoder’s ocutput
resolution beyond the number of line pairs contawed on

76

the disc. Standard techniques allow for 1x, 2x or 4x
multiplication of the fundamental disc resolution 4x
multiphcation requires that two quadrature square waves
{sine and cosine), be generated electro-optically as in Fig 2.
Transition detectors, “single shots,” then form pulses at
every O to 1 or 1 to O transition on both waveforms. This
results in four pulses for every line pair on the disc as
shown in Fig. 2. For 2x multiplication, pulses are formed at
0to 1and 1 to 0 transitions on one square wave output
anly. For 1x multiphecation, pulses are formed at 0to 1 (or
1 to 0} transitions on one square wave output only,

3 FREQUENCY RESPONSE

This s defined as the maxmmum frequency of fundamental
data {number of disc lines per reveolution x revolutions/
second). For encoders with 2x or 4x count muitiplication
the output rate 15 2 to 4 times the fundamental data
frequency.

4 RESOLUTION

The number of output data pulses per revolution. For
square wave outputs, resolution corresponds to the number
of line pairs on the disc A Iine pair consists of the opaque
line and the clear space next to it. Normally the term “line
pair” and “line” are used interchangeably; they both
correspond to one cycle of square wave output signal. For
units with 1x, 2x or 4x count muitiplication, resolution
corresponds to 1, 2, or 4 times the number of line pairs on
the disc. Note that increasing resolution by the use of count
muittplication logic usually results in a decreased cumula-
tive accuracy, but does not affect fundamental accuracy.

ORIGINAL PAGE IS
OF POOR QUALITY

Figure 1-— Phototransistor Typical Customer Circuit Figure 2 — Quadrature and Pulse
Current Waveforms Qutput Waveforms
A+
CHANNEL B —+37V
CHAN. A+ 150 An" Q Ve } Wy {COSINE} H
]
—_ +02V
CHAN B+) - 50uA ] :—b 0==%5=T8"5__ I~ PrASING sy
L A~ CHANNEL A& H
0 | 50 A % l > lsmgl ig% r02V
CHAN A— sook ae m—m— =A% = puTY CYCLE
CHAN B} pAx -Vu | +37V
Z 1 i maexl
ENCODER TYPICAL o +o2v
CUSTOMER CKT PW=15uSEC +37V
CHAN A 1X ﬂ =05ySEC |
CHAN B) 300 pAn® 0 e 102 Y
0 i - +37V
PUSH-PULL CKT. \/ 2xﬂ H l_} ,
COMPOSITE 0 ! _ 1 +02V
hae — +37V
{NDEX 4xni_] ﬂl H H ﬂ t H
\ / 100J_||An‘ git=! L a— +02v
0 M PULSE QUTPUTS ARE PROVIDED
GATED iNDEX J l IN BOTH RZ AND NEZ FOAMATS
0 - NOTE SINE AND COSINE RELATIONSHIPS ARE
200p A DEFINED FOR LEFT TO AIGHT MOTION AS
= SEAVED FRCOM T FHI TAANSISTOR
IFERENCE .3%: THE SCALE sglim f?:gu v?m-c -r?ue
*TYPICAL VALUES OATA TRAGK UPGARDY 7 ROTARY RELA

TIONSHIF DEFINED FOR CLOCKWISE ROTA
THIN OF THE ENCODER VIEWED FRAOM THE
SHAFT END CHANNEL B8 SIGNAL LEADS
CHANNEL A SIGNAL 8Y 907 PULSE AMPL|
TUDES ARE TYPICAL VALUES
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DRDERING INFORMATION

[ "J

“RICEEL NUMBER

TSG502, SC 614, or SC-708)

CYTLES/REV. — ]
ISOTARY ENCODER)

CYCLES/IN. OR ’
TVYCLES/MM —
{LINEAR ENCODER) _]

INDEX OPTIONS n
OF ENCODER
0 Zero Index
1 Without Zero lndex _|

OUTPUT OPTIONS 7]

0 Phototransistor

1 One-Count Logic
with direction
sensing

2 Two-LCount Logie
with direction
sensing

3 Square Wave with
direction sensing

4 Four-Count Logie
with direction
sensing

5 Bquare Wave with
differential line
driver output

68 Square Wave with
powsr buffer output !

“CTHANNEL OPTIONS 7]

OF ENCODER

1 Single Channel .

2 Duwection Sensing
{two channels in
quadrature} -

1+ $GHT SOURCE

DF ENCODER

0 LED
1 lncadescent Lamp .

s =XAWPLE The ordaring number for 2n External Sianal Con-
guroner to be used 1n conjunction with a Model 8610 Rotary
Encoder that generates 500 cycles/rev , na zera index, two channels
in quadrature and mcorporates LED's, the Signal Conchitioner to
have four count logic pulses output1s SC 610-500.1-4.2.0

TELEDYNE GURLEY CAPABILITY

In addition to- its lines of standard rotary and linear
encoders, Teledyne Gurley has designed and customized
encoders for applications involving military specifications,
extreme environmental operating conditions, and high
reliability performance.

77

o e S T T ':.P' £
' 1@;@* . ‘, 2o
- g I

‘

i CelinaE Sl LY
st ’-" 175 -.
Py BT s SR ey e YT an "F?ﬁ
o ; e ot ﬁ ':&"'-'-:E-‘i—:’- 3
% Pl s ) "’-“""""‘A’-’"Z%
ia s e : T

S
e
S e T
\. Za%

,_ 3=
R et A AT

Accuracies of one arc-second have been attained with
our rotary encoders and we have delivered linear encoders
with a resolution of one micron.

4 Teledyne Gurley!will be pleased to discuss your require-
ments Tor customized encoders. .

WARRANTY

Teledyne Gurley warrants it products against defects in
material and workmanship under normal and proper use for
a period of one year from the date of shipment.

This warranty is not valid for any product which has
been operated in excess of its electrical or mechanical
ratings or which has been subjected to ahuse.

Teledyne Gurley’s obligation under this warranty is
limited at Teledyne Gurley’s option, to replacement or
repair, without charge, F.0.B. Troy, N.Y. of any defective
part.

The foregoing warranty is exclusive and in leuy of all
other warranties.

“ENCODER SAVVY AND THEN SOME”

Tl EDYNE GURLEY
514 FULTON ST., TROY, N. Y. 12181 ¢
(518) 272-6300 / TWX: (710) 443-8156

AG/3M/S74
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Featuring:

single voltage, integral electronics

plug-1n PC boards for easy field maintenance
up to 21,600 counts/revolution with zero index

® ©

e @ 0

DESCRIPTION

The Teledyne Gurley Model 8635 rotary incre-
mental encoder utthzes advanced electro-optical
signal generation techniques to provide high resolu-
tions together with good rehabthty, Dual reading
heads ylelding % 20 arc-seconds accuracy are avail-
able.

The single voltage electronics are integral com-
ponents of the encader, resulting in excellent noise
immunity. With square-wave outpuf, the use of
optiona!l differentizl line drivers or power buffer can
provide greater notse immunity or C-MOS com-
patability

All of the electronics are mounted on two plug-in
PC boards for simphfied maintenance.

power buffers and differential line drivers available
optional =20 arc-seconds accuracy via dual reading heads

APPLICATION R

The Model 8635 is especially swited for high resolu-
tion applications at 2 moderate cost. 1t can be usad
to control motion by generating signals for position
feedback 1n a servo system, or it can be combined
with our Model 8500 Counter/Display as a2 complete
digital readout system. The Model 8635 has bean
used to measure or control position on machine
tools, or rotational speed of paper machine rolls,
computer tape transports and computer drums it
can be used on lead screws of jig horers, compara-
tors, milling machines, drafting machines and
sirmlar apparatus.
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Specifications
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NOTE: These specifications are applicable under all variations of recom-
mended supply voltage, speed, temperature and direction of travel [m-

proved performance 15 available under special conditions, please consult

factory
e MECHANICAL

Matenals Anodized aluminum housing with statnless
steel shaft and bearings
Weight 17 oz. max
Size 34 synchro— See Figure 3
for dimensions and mounting provisions

Torque
Starting 04 in oz typical
Running 0.2 1n oz typical

Moment of Inertia
Angular Acceleratton

23 X 103z 1n sec?
25 X 107 rad [sec? max.

Shaft Speed (non-operating} See Table 1
Shaft Load See Table 1
End Play (8 oz reversing load) 00005 i max
Radral Play {8 oz, reversing [oad) 0 G005 in. max.

MNOTE .Beaning complement consists of two ABEC Class 7 beanngs,
permanently lubricated, double shelded shaft sezl

o ENVIRONMENTAL

Temperature 0°Cto +70°C
Humidity 98% rh, non-condensing
Shock 50 g, 11 mullisec
Vibration 2 g 02000 Hz

TABLE 1

¢ ELECTRICAL

Power
+50VDC *=02VDC, with 05VDC lengterm regulation and
low npple (5% peak-to-peak)

With electronics, 375 mA max. Withaut electromics, 250
mA max

Quiput Waveforms See Figs 1land 2
Qutput Characteristics — Square Waves and Pulses
All outputs are DTL/TTL compatible (driver type 7404)

TTL fanout = 10 (g = 16 mA, Igquree = 400 £ A}
Vo =37V E13V 15, <40 A
Voo = +02V =02V, Iy < -16 mA
I, 2X and 4X pulse ocutpuis are complemented (RZ and
NRZ) and direction sensed
Square wave outputs are uncomplemented

Power Buffer Option (Square waves only)

Open coliector driver type 75451 or type 75452, Ve < 30V,
le < 200 mA

Line Driver Option (Square waves only)
Balanced differentral line driver type DM8830

e PERFORMANCE

Frequency Response
To 50 KHz at disc data rate
To 200 KHz with 4% count multiphication option
Erequency response can be doubled under special con-
1itions

Accuracy, see Table 2 .
Higher accuracy (to =20 arc seconds) available utilizing
dual reading heads.

BEARING LIFE RATINGS, hours
SPEED LOAD, pounds

rpm 2 5 10 15

100 | 750,000 | 230,000 | 30,000 | 9,000
200 |375000 | 115000 | 15000 | 4500

! 500 |150000 | 46,000 | 6000 | 1,800
| 1000 | 75000 | 23000 | 3,000 900
2000 | 37,500 | 11,500 | 1,500 450
‘5000 | 15000 | 4,600 600 180
10,000 | 7500 | 2,300 300 90

NOTE Life ratings are based on fatigue fadure cntera In many
long duration apphications, lubncant retention becomes the honting
fac‘or

Higher shaft loads wall degrade encoder accuracy Maximum
recommended radial load (1 inch from encoder housing) 1s 1 ib n
high resolution models, 2 Ibs n low resolution models. Maximum
thrust load, 2 tbs

TABLE 2
ACCURACY RATINGS
Arc munutes
y ABSOLUTE
OUTPUT | INCREMENTA Worst case |RS S (N=3000)
Square waves| <1 4 5 = 1080/N 6
1X pulses <1 = 5 == 1080/N +.6
2X pulses(® £ 1080/N | 5 *=1080/N *=6
4X puilses = I750/N  f== 5 = 1750/N = 77

N=lne pairs/disc

{1) Ratings are based on 2500 <7 N < 5400 Accuracy improves at
lower line counis Improved accuracy also available at higher
line counts under special conditions, please consult faciory

(2) For adjacent zero crossings or at any odd interval (1/2N, 3/2N,
5/2N, -~~~ apart), erfor 15 2160/N For zero crossings at any even
mterval (272N, 42N, /2N, --- apart), ermor Is essentally zero
over any smail segment of disg rotation

As part of our continuing product improvement program,
thesa specifications are subject to change without notice



Definition of Parameters

1. ACCURACY

FUNDAMENTAL accuracy applies to data taken at
positive (or negative) going transitions on the sine
(or cosine} output, It corresponds io data taken at
the leading (or trailing) edges of the disc patiern
hines, as in 1x count muitiphication.

INTERPOLATION accuracy applies to data taken at
points within a given square wave cycle For ex-
ample, data taken at hoth positive and negafive
gomg transitions of a sine or cosmme square wave (2x
ccunt multiplication) or data taken at positive and
negative going transitions of both the sine and
cosine square waves (4x count multiplication) are
interpolated data Usually interpolated data 1s lower
i accuracy than fundamental data due to the im-
perfect duty cycle of the square waves and the im-
perfect quadrature phasing between the sine and
cosine square waves Refer to Fig 2,

INCREMENTAL accuracy, or adjacent puise accu-
racy, is measured from one pulse to the next. Nor-
mally the incremental accuracy 1s valid over shaft
rotations of approximately 15° {mechanical) Incre-
mental accuracy is primarnly determined by inter-
polation accuracy.

ABSOLUTE (CUMULATIVE) accuracy 1s measured
from one pulse to any other pulse Normally the
greatest error occurs between pulses that are sepa-
rated by approximately one-half revolution of the
encoder shaft Absolute accuracy 1s the sum of
fundamental accuracy and interpolation accuracy

2, COUNT MULTIPLICATION
An electronic technique for increasing the encoder’s
output resolution beyond the number of line pairs

Figure T—Photatransistor Gutput Option
Current Waveforms

~ ¥

0
—I REF ~=ln
CH A4/l REF X ‘\\
COMPOSITE 0 /\ AN 150 yApp*

o/

Channel 8 outputs {cosime)
are the same as Channel A
{sine) but 90°* out of phase

NS

+1 REF L3

0 *
100 pAp*
—{ INDEX

+1 REF/—I1 IND 0
COMPODSITE ¥

Typical Customer Cmetnt
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contained on the disc. Standard techniques allow
for 1x, 2x or 4x multiplication of the fundamental
disc resolution. 4x multiplication requires that two
quadrature square waves (sine and cosine), be gen-
erated electro-ophicaily as in Fig. 2. Transition de-
tectors, “single shots,” then form pulses at every 0
to 1 or 1 to 0 transition on both waveforms. This
results in four pulses for every line pair on the disc,
as shown in Fig 2 For 2x multiphication, pulses are
formed at 0 to 1 and 1 to 0 transifions on one sguare
wave output only, For 1x multiplication, puises are
formed at 0 1o 1 (or 1 to 0) fransitions on cne square
wave output only,

3. FREQUENCY RESPONSE

This 15 defined as the maximum frequency of funda-
mental data (number of disc hines per revolution x
revolutions/second) For encoders with 2¢x or 4x
count muitiplication the cutput rate is 2 or 4 times
the fundamental data freguency

4. RESOLUTION

The number of output data pulses per revolution
For sgquare wave outputs, resoluilon corresponds to
the number of line pairs on the disc. A line pair con-
sists of the opague line and the clear space next to
it. Normally the term “line pair” and “line' are used
interchangeably, they hoth correspond to one cycle
of square wave output signal For units with 1x, 2x or
4x count multiplication, resolution corresponds to
1, 2, or 4 times the number of line pairs on the disc.
Note that increasing resolution by the use of count
multiphcation fogic usually results in a decreased
cumulative accuracy, bui does not affect funda-
mental accuracy.

Figure 2—Square-wave and Pulse
Output Waveforms

*TYPICAL VALUES

: +Vee
| GHANNEL B
{COSINE) r
! a gQ =22 5% b~ PHASING
l N CHANNEL A ]
ISINGE' 509,
AAAN =10%
[ = 9% T DuTY OYOLE
I —Vex INDEX
| 0
]

1X

r PW=15ySEC
X |

=0548EC ||

|-

2]

0 -

!

NOTE SINE AND COSINE RELATIONSHIPS
ARE DEFINED FOR CLOCKWISE ROTATION
QF THE ENCODER VIEWED FROM SHAFT
END CHANNEL B gIGNAl. LEADS CHANNEL
A SIGNAL BY 90 INGEX 1S NORMALLY
ALIGNED WITH COSINE SIGNAL, PULSE AMP
LITUDES ARE TYPICAL VALUES

e +37 ¥

+oz2v
+37V

+o2Vv
+37V

+02ZV
+37V

+02vVv
437V

02V

Q0000001

u PULSE QUTPUTS ARE PROVIDED
GATED INDEX i IN BOTH RZ AND NRZ FORMATS
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ORDERING INFORMATION

when ordering, please include maximum speed of shaft
rotation, both operating and nonoperating Also, In uni-
directional applications, please specify direction of rotation

s S Y B

LINES/REV ON DISC

10, 16, 36, 48, 60, 100, 120, 123,
180, 200, 360, 590, 600, 792, 900,
1000, 1024, 1100, 1500, 1800,
2000, 2048, 2442, 2480, 2500,
3000, 3072, 3600, 4000, 4096,
4500, 4800, 5000, 5400 Addi-
tional standard discs may be
added periodically, speciai
dises can always he made on
a custom basis

OPTION CODES
Qutput With Without
Waveform Zero Index | Zero Index
Phototransistor-
One Channel 001 101
Phototransistor-
Two Channels 002 102
Square Waves-
Cne Channel 031 131
Square Waves- -
Two Channels 032 132
Square Waves with
Line Driver 052 152
Square Waves with
Power Buffer 062 162
Ix Pulses 012 112
2x Pulses 022 122
4x Pulses 042 142

JINDEX {CPTICHALE
|TRDEX (PULSES OR )
FSPARE

1y (TEST POINT)
SPARE

SFARE

SPARE

SPARE

SPARE

SI6 COMY (Hgy Coment Opton}
CONNECTOR DBISP (MALE PINS) SFARE

(MATING CONNECTOR D82S ARE
AND HOOD DB-20%62 ALSO AR
SUPFLIED) s oo
CoMM
CASE GHD

* Complemented square waves aré avilablg with
the Power Butfer o Line Drver Optiens

TELEDYNE GURLEY CAPABILITY

In addition to its line of standard rotary and hnear en-
coders, Teledyne Gurley has designed and custoruzed
encoders for applications tnvolving mihtary specifications,
extreme enwvironmental operating conditions, and high
reliatnlity performance, as well as lowcost, himited per-
formance requirements

Accuracies better than one arc second have been aftained
with our rotary encoders, and we have supplied hinear en-
coders with a resclution of one micron

Teledyne Gurley will be pleased to discuss your reqguure-
ments for custoruzed encoders

WARRANTY

Teledyne Gurley warrants 1is preducts agamst defects in
material and workmanshp under norma! and proper use far
a penod of one year from the date of shipment.

Teledyne Gurley's obligation under this warranty 1s limrted,
at Teledyna Gurley's option, to replacement or repair, without
charge, FOB Troy, NY of any defective part

The foregomng warranty is exclusive and i heu of ali
other warranties, and is not valid for any product which has
been operated 1n excess of is electrical, mechanical or
environmental ratings, or which has been subjected to abuse,
or 1n which the housing has been opened, aitered or
tampered with

REPRESENTED BY.

9 TELEDYNE GURLEY

514 FULTON ST., TROY, N. Y. 12181
(518) 272-6300 / TWX: (710) 443-8156

Printedin US A



FIRST-IN FIRST-0UT MEMORY

DATA SHEETS (used as rate buffer)
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3351

40x9 FIRST-IN FIRST-OUT MEMORY

ORIGINAL PAGE IS
OF POOR QUALITY

GENERAL DESCRIPTION - The 3351 s a First In Fust Out (FIFO) Memery used in data rate
buffering applications The 3351 has a capacity of 40 nine-bit words The words are accepted at the
mnput automeatcally shifted toward the output 2nd rermoved a2t any rate 1n the same sequance in
which they were entered

The 3351 hax status indicators on both the input and output to signal an avarlable empty nput of a
valid data word at the cutput It also has separate input and output enable lines 1 addition 1o a
master re3et hne A unique input stage iaterfaces 10 TTL without external components The 3351 15
manufactured using the pchannel Isoplanar silicon gate pracess with 10n implantation

* 2MHz {3351-1) AND T MHz {3351-2) DATA RATES

s INDEPENDENT ASYNCHRONOUS INPUTS AND QUTPUTS

e FULLY TTL COMPATIBLE

» 3ISTATE QUTPUTS

& INPUT AND OUTPUT ENABLES

s EXPANDABLE IN EITHER DIRECTION

» STATUS INDNCATORS ON INPUT AND QUTPUT

s 2BPIN CERAMIC DUAL IMN LINE PACKAGE

PN NAMES

Qn Qutputs IR Input Ready
Dn Data Inputs OR QOutput Ready
(XT3 Master Reset iE Input Enable
| Shift In o Quiput Enable
S0 Shifr Que

ABSOLUTE MAXIMUM RATINGS

Vg and tnputs ~20Vto+I3V

Vpp and Qutputs =70Vt 33V

Cutput Sink Current 50 mA

Srorage Temperaturs —B5"C to +180°C

Operaung Temperature 0°Cro +70°C

NOTE All Voitzges with respact ta Vigg
BLOCK DIAGRAM
Bgly0,03050505 050
REERER
INPUT a8
INFQR aTION GUTPYT -
[ BUFFEAS REGISTER BUFFERS
wRAAY
FTTTTTHR
QpQ1320305G5 050703
HEJ‘ANDP:'I f ] COVIROL vkrld
1Ry
- Caoe © READY 10R)
]
bt smeTm |sno_—-| |l FTOUT 5! _ OUTRYT
SHI v IS0
YASTEA = 5E
ENABLE [TE) RESET ol ENABLE (OE)

LOGIC SYMEOL

26 —{0g agf—2
5 —Dq Q4
24—Dy Qp—5
23—|D03 g3 }— g
2—10a 4
21—]og 3351 asf—e
20— Rsar %3
13=~{07 FIFO Oy p—iC
18—{Dg Qgl—11
27— OEp—2
15— 1t Sop—13
751 MR anf—12
i

Vgg = Pin 28

Vpp = Pin1d

Vgg *Pm

CONNECTIQN DIAGRAM

DIP (TOP VIEW)

Vg 1 s 2] vss
0= ]2 w3
[ ] 26[10g
a; 4 25|71 Dq
o s 2310z
o3 s 23Jo3
0,7 2170 0g
o] 8 21100g
ogE o 20{dDg
oz} 19{1b7
agEt 18 3ng
or{12 s
so 12 L] e BT

vpol—] 1 1s[2MR
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FAIRCHILD MOS INTEGRATED CIRCINT » 3351

FUNCTIONAL DESCRIPTION — The 40 by 9 memory array 1s under the constant control of a control [ogic network {See Fig 1} Each word
poswtion it the array s clocked by 2 control register which also stores 8 marker but a 1 sigrifies that that pesition s data s tilled and 2 O
indicates a vacaney at that locatton Each control register clocks data from the preceding mine data flip flops to its own set of mine data
fhip-flops The register fogic detects the status of the preceding and succeeding registers marker bits 1o determing when 1o clock its data
flup flops. When data has been transferred from location n 1o locatton n+1*  the n#1 control crewmiry- changes the marker bat at control
reqister n froma 1°to a2 0" mdicating that the data at location ‘n has been transfarred elsewhere in the array This Q0 will then
propagate back to the first control register signifying that the FIFQ 15 capable of accepting mare data

1
It | | I
—|——1S o i s Q I s ofi
I p—iqCP prmad CP —dcp ]
ro olobta  ofod—dr  ojo
| | ; !
|
oata | 1 |
REGISTERS i I
l 5 a ! 5 of— s (1] o
1 p—icP | preaed £ P e |
I [ o] cl [ aio T a o O.I_
! [
—— - -
| ) =
€O ITAOL cotroLf controLf
GReURY ! 209 { Loac JLocic |
n N n 1T n+
|

JD R R I Fa 1

The 3353 huffers the first and last control registers and uses themn as input/output status indicators Since all status marker 0 s propagate
toward the fust control register 2 O at the fust register indicates the FIFO is ready to clock i more data Likewise all 1’ s propagate
towards the last control registar anda 1 here means that dsta i3 vahd a1 the outputs

A Master Reset contral 15 provided ta set all the control reqisters’ stawss markers o 0 Note that the data registers are hot reset by MR

SHIFT 1IN {SI1} INPUT READY [IR} — A LOW to HIGH transition of the Shift In command does wwo things 1} the first control regster s
enahled permitting input data ta be lsaded mto the first set of data reqisters and setting the first marker bittea 1 and 2} the second cantral
register 1s tocked out by means of an wnverted Sl command At this pont data from the first data reqister cannot be transferred to the second

data regster The Input Ready signal ind:cates the status of the first marker bit and accordingly goes LOW(not ready)

The HIGH 1o LOW wransition of the 51 lecks out the first control register and causes data from the first data registers to propagate down the

EIFD under the control of the controf lagie This actian sets the first marker it toa O and the input Ready returns HIGH Liaput readyl

When the FIFO becomes full the IR will stay LOW after Sl returris LOW and any further S1 commands will be 1gnored by the circuit When 3
0’ ripples back fram the last to the first control remster the Input Ready (IR} wall return 10 HIGH (if S1is LOW)

. IR_READY READY
NOT READY  FIFOFULL Fug 2

INPUT ENABLE (IE} — A HIGH on the Input Enable disables the $1 wnput and the surrent-soureing eapability of the special TTL pull up
networks of the data inputs and the 51 A LOW enables these inputs

SHIFT OUT (SO) OUTPUT READY (OR) — The HIGH 10 LOW wansition of Shift Qut command disahles the clocking hne of the last control
register and changes the 40th bit marker to 2 0 The Quiput Ready 15 then forced LOW Note that data 15 not transferred from the 39th
positron 10 the 40th position on this edge When S0 makes the LOW 10 HIGH wransition the £1FO s again under control of 11s controd logic
circuitry ew data 15 fransferred o the 40th locauon and the 40th marker it s reseitoa 1 The Quiput Ready returns 10 HIGH sigmiying
the new data at the output leads 1s now vald

When the FIFO 1s empty the OR remains LOW after SO goes HIGH $0 commands wnll be ignored untl a3 1 ‘marker npples down to the last
control register after which the OR goes HIGH Uif SO 1s HIGH}

.50__\_/.....___
QA READY ! READ-
1

NOT READY  FIFQE PIV

——
DATAGUTPUTS VAL Fig 2
OUTPUT ENABLE {DE) — A HIGH on Qutput Enable farces the rine cutputs 10 a bigh impedance state, disables the shift out command and

disables the current-sourcing capabihity of the special TTL pull up network of 30 A LOW again enables 30 and the ocutputs revert back to
their normal TTL states

MASTER RESET (MR} — A L.OVW on Master Reset sets ali the control logic marker bits to ©  Consequently 1R wall go HIGH (if $1.s LOW)
and OR will go LOW, indicaung that the FIFQ 15 now empty

345
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FAIRCHILD MOS INTEGRATED CIRCUIT « 3351 OF POOR Qu 85

DC REQUIREMENTS Vgg=50V *5% Vpp =0V Vgg =—12V :5% T4 =0"Cto+70°C
SYMBOL PARAMETER 33511 LIMITS 33512 LIMITS UNITS CONDITIONS
MIN MAX MIN MAX
Vin Input HIGH Voltage Vgg=-10 Vggt0 3 Veg—-10 Vggt0.3 v Note 1
VL Inpur LOW Valtage Voo o8 VGa o8 v Note 1
DC CHARACTERISTICS Vg5 =850V t5% Vpp =0V, Vgg=—~12V 5% Tp =0°C1o+70°C
SYMBOL PARAMETER 33811 LIMITS 33512 LIMITS UNITS CONDITIONS
MIN MAX MIN MAX
VoH1 OCutput HIGH Voitage Vgs~05 Vgg—0.5 v IoH = S0 nA
VoHz Qutput HIGH Valtage 24 24 v 104 = —0.2ZmA
VoL Outpur LOW Voltage 04 G4 v foL=16mA
Vi Puli Up [muation Voltage 22 22 v :':1 3'_2;0:; :nA
Vip Peak Current Voltage Vgg—-15 Vgs—-15 v Fig 6 Mote 1
hp Pegk Current 16 16 mA Fig 6 Note 1
hH tnput HIGH Current 022 ozz mA Fig 6 Note 1
ViN=Vgg=10V
TS Input LOW Current 50 50 HA ::]gNi ::‘31
[Fale) Vpp Current 65 50 mA
GG Vgg Current 10 80 mA
Pp Fower Dissipation 520 420 mA
AC REQUIREMENTS Vgg=50V 5% Vpp =0V Vgg = —i2V *5% T =0°C10+70°C
SYMBOL PARAMETER 33517 LIMITS 33512 LIMITS UNITS CONDITIONS
MIN MAX MIN MAX
D3 |E Disatle Set Up Time 20 20 ns Fig 6
ypH 1E Disatle Hold Time 20 20 ns Fig. 6
Hes ! {E Enable Set Up Time Q Q ns Fig 6
tiEH tE Enable Hold Time Q Q ns Fig 6
s {nput Data Set Up Time a Q ns Fig 6
toH Input Data Hold Time 220 440 ns Fig 6
tSiH 81 HIGH Time 220 440 ns Fig. 6
LT 81 LOW Time 280 560 ns Fi0. 6§
toDs OF [hsable Set Up Time 20 20 ns Fig 8
1004 OE Dhsable Hold Twme 20 20 ns Fig 8
10BS OE Enable Set Up Time 2] ¢ ns Fig 8
10EH QE Enable Haid Time 1} [} ns Fig 8
t1S0L SO LOW Time 200 400 ns Fig 8
t50H 50 HIGH Time 300 600 ns Fig 8
TRPW MR Pulse Width 100G 200 ns Fig. 8
Li=1] MR to 51 Set Up Time 1} 0 ns Fig. 8
AC CHARACTERISTICS Vgg =50V 8% Vpp =0V, Vgg=—12V 25% Ty = °Cto +70°C
33511 LIMITS 33512 LIMITS
SYMBOL PARAMETER e AR YT AKX UNITS CONDHTIONS
151--JRHL 5i o IR Delay Time 220 440 ns Fig. 6 Noie2
15t~IRLH 5110 IR Delay Time 280 560 ns Fig. 6 Note 2
150-0RLL $0 1o OR Datay Tune 200 400 ns Fig. 7 Note 2
150-0RHH S0 10 OR Detay Time 300 600 ns Fig. 7 Nota 2
MR—IR MR to IR Delay Time 300 480 ns Fig 8
TMR-—-0R MR to OR Delay Time 240 480 ns Fig 8
BT Bubble Through Time 20 15 s Fig 7, Notz 3
g Qutput Enable Time 300 600 ns iy 7
D Outpuz Pisable Time 300 600 ns Fig. 7
NOTES 1 Inctudesall Data fnputs 1E OE SI SO and MR [Ses Feadback Resutor Figure 2)
2 HL maans positive-going edge of first signal 10 negative going edge of second signal etc
3 Forward and reverse *
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- FAIRCHILD MOS INTEGRATED CIRCUIT « 3351

TYPICAL INPUT CHARACTERISTICS

20 1000 T 1
Vgg SOV _V\ Vsge+50V |
IS H Y e VGG = =12V
1. BC AY Ta w5C
16 ] #! \
Vipihe -‘r 100 |, \
- :2
£ >
L. 12 e Vit
z L
S > £ w -
H 4 z ™~
o ag 4 . I et
- @ o
E] N S
£ 7 N 5 o
3 Vit _.’=-.|
ad \ % P I
/ wl \
T 4
i, oy I
a / u \ &1
6 19 20 30 49 [1] ] 1 20 39 49 50
INFUL VODLTAGE ~ V INPLIT VOLTAGE - ¥
Fu 4 Fug. 5

TIMING DIAGRAMS

S |
Hps—| | -~ f—ton e tsH— L —] Ugs—] |— —f j-tien

St

D et ]

weovs 27 st P77 siame U7 spae P stme V20000077
fo—t—tsr 1ALH ot i,

" — L T wvomw _

Fig 6 INPUT TIMING

=__ [ 1 [
ps—] }— =} |o—toDn b 150K b t50L | 105w [ m] |e-toEM

50
f—t-130 oORLL

. Lo ! b el —i50  OREH
ourrs _ v Bz ww (NI v 222 v [T varo

(7 Wareoance state

fig 7 BUBBLE THROUGH KEY
mﬂm QUTPUT TRANSITION
e ER P ]
mt— iy { fu
m 1T 1
s } 40 PULSES ]
»
st I l { [ I i
——-r ‘ "' i
7 L)
W77 LT | ;
I I far.
. —tor——]

Fig 8 QUTPUT TIMING
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FAIRCHILD MOS INTEGRATED CIRCUIT « 3351

Fig 10 HIGH SPEED WORD EXPANSION

vss
2480
putT ]
outeyr ©
. ALL DIODES 14152
[-:37¢] 20 pF INCLUDES SCOPE AND
G EAPACITANGE
VGG - "
NOTES

A Allwtnputteand tp 10 ny
B All umes measurements refaranced to 1 5 levar

Fig 31 QUTPUT LOADING

FLOW
—
—d0g <5} Op ) —
Dy @ ] Qp p—
—=107 Qz D2 Gy p—
—10q Qz D3 Qg
—10s Qs Og Qp—
—— g 3351 Qg ng 3351 Qg peam
——1 0 at 473 Pg 2 Qs
— 07 Q7 By Q=
——t Oy Qg bg Qg
— i QEO— R IE OEjO—
e L s0}1— = 1/ SO pre—
—_— 1 OR Si OR pp—
MR MA
Fig 9 SIMPLE WORD EXPANSION
FLOW
—
—0g s o0 gpf—
—0: ]} oy Qr—
= 02 Q2 Oz (473 mumnd
—103 e ] D3 Q—
-—-10g a4 D4 Q-
—]Ds 335 Qs Dg J351 Qg f—
—10g ] Qs Dg 2 0g p—
—~iny ay [ ay b—
——1Dg Qg Bg G
—E CE Gy IR IE OE O—
=] ir s0 = l = 4 SO p—
— R b OR fb—
5t MR Qi E M
a o
12
9602~
a
= T © Adjust pulsa width for tg) 4

3-48
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r r T & 5 13 7 {¥] 3 10 u 12 13 1
ngﬁc Vults/ Atmalue
Qutput Maz Noload peed Per Specific Fnclios Resis Armature | Typiead Angular
Wotod Power Stalt Eth- Test Spaed Per Volt | 1000 o que Torque tance Induc- Stating 1 Acctlaration
Type (maz) Tacqee centy |Yollazge | = 5% 2 154 = 15% *15% {maz } 2 10% ance Yoltage {mn )
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050/ 04 $33 1] 183 59 120 19200 1650 053 578 &0 &35 095 1030 1200 250 285
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050/ 08 028 80 110 | €5 440 16500 4250 023 ny R 036 004 110 230 85 k{13
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MOM2703L
MCM27A08L

1024 X 8 ERASABLE PROM

The MCM2708/27A08 15 2 8192-bit Erasable and Electrically
Repraogrammable PROM designed for system debug usage and
similar apphcations requiring non volaitle memory that could be
reprogrammed pencdically The transparent lid on the package
allows the memory content to he erased wrth ultraviolet hght
Pin-for-pin mask-programmable ROMs are available for large volume
production runs of systems imtially using the MCM2708/27A08

® (Orgamzed as 1024 Bytes of 8 Bits
& Static Operation
® Standard Power Suppliesof +12V, +5Vand -5 V

& Maximum Access Time = 300 ns — MCM27A08L
450 ns — MCM2708L

® | ow Power Dissipation
k¥
® Chip-Sefect Input for Memory Expansion

® TTL Cornpatible
® Three-State Cutputs

MOS

{N-CHANNEL, SILICON GATE)

1024 X 8-BIT
UV ERASABLE PROM

CERAMIC PACKAGE
CASE 7156-03

PIN ASSIGNMENT

o] -
—* Pin Equivalent to the 2708 1Cg0A7 vegldzav
201 A6 AB[23
e Pin-for-Pin Compatible to MCM&5308, MCM68308 or 2308 33 A5 sl 22
Mask-Programmable ROMs o aa ves 21w —
5[] A3 CS/WE [ 20 ~—
6] Az Vpp[ 19« ~—
PIN CONNECTION DURING READ OR PROGRAM T8 Al Progr 18 —
Mode Pin Number 8L A0 D77
9-11,13-17 | 12 18 19 20 21 24 94 po De3 16
o] D1 15
Read Daut vss | vss | voo | vie | vee | vee n{; on Di ::114
B .
Program Din \Y Pulsed V' v v v
83 iy 3]} tHW BB cc 120 Vss Dat 13
IHP
ABSOLUTE MAXIMUM RATINGS {1)
Rating Valua Unit Note 1
o Permanent device damage may occur if
Operating Temperature 0 to #70 < ABSOLUTE MAXIMUM RATINGS are
Storage Temperature =65 to +125 9 exceeded Functional operation should
Vpp with Respect to Vgg . +20t0-03 Vde be restricted to RECOMMENDED OP-
Ve and Vgg with Respect to Vgg +1510-03 Vde ERATING CONDITIONS Exposure to
All input or Cutput Voltages with Respect to Vg during Read +1510-03 Vdg fugher than recommended voltages for
TSNE ! nR Von d P +2010-03 va extended periods of time could affect
C nput wit espect to Vgg during Programming o - c device relrability.
Program input with Respect to Vg +35t0-03 Vde
Power Dissipation 18 Watts

ORIGINAL PAGE IS
OF POOR QUALITY

©MOTOROLA INC 1977
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BLOCK DIAGRAM
Data Qutput
[aleBdwlrg
: .
Pragram Qe *
I Contral —— Qurtput Buffers
TE/WE 0O L.ogic
' (o e
o Y .
Decoderf « Y Gating
o— .
I ; it
o_-——
l AD—AS ﬁ -
O e
L]
[ o —— x : Memory
Decoder : Matrix
* 64 x 128
0 o— . (641280
L]
-
.
! N o '
[ DC READ OPERATING CONDITIONS AND CHARACTERISTICS
{Full operating voltage and temperature range unless otherwise noted.)
f"
: RECOMMENDED DC READ OPERATING CONDITIONS )
Paramater Symbol Niin Nom Max Unit
l Supply Voltage Voo 475 50 5 25 Vde
Voo 114 12 128 Vde
Ves -525 ~50 -4 75 Vde
Input High Voitage ViH 3q - Ve +i0 Vde
Input Low Voitage ViL Vss ! - Q65 Vde
READ OPERATION DC CHARACTERISTICS . -
Characteristic Candition Symbol Min Tvp Max Unit
Address and €S lnput Sink Current Via=5826VorV,,=ViL hin - 1 10 LA
Output Leakage Current Vout=525V,CS/WE=5V Lo - 1 10 HA
Vpp Supply Current Worst-Case Supply Currents Ipo - 50 65 mA
Ve Supply Current {Note 2) Alf Iaputs High lee — & 10 mA
Vgg Supply Current CE/MWE=50V,Tp =0°C lgg - 30 45 mA
Cutput Low Voltage lo=16mA Vou - - 045 v
Output High Voltage ko = =100 pA Voul 37 - - v
Output High Voltage log=-10mA VoH2 24 - - v
Power Dissipation {Note 2} Ta =70°C Pp - - BOO mW
l Note 2
The total power dissipation s specified at 800 mW 1t is not calculable by summng the vanous current {Ipp, loe, and 1gg) multipled by
their respective voltages, since current paths exist between the vanous power supphes and Vgg The Ipp. Ice. and Igp currents should be
used {o determine power supply capacity only
Vip must be apphed prior to Voo and Vpp  Vgg mustalso be the last power supply switched off
r @ MOTOROLA Semiconductor Products Inc.



AC READ OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature range unless otherwise noted.}

{All timing with t, = t¢ = 20 ns, Load per Note 3)

READ OPERATION TIMING DHAGRAM

+

MCM27A08 e MCM2708
Characteristic Symboi Mim. | Typ Mix Min Typ Max Unit
Address to Output Delay A0 ™20 { 300 - “280 450 ns
Chip Select to Qutput Delay tco §e°N\] 120 - 80 120 ns
Data Hold from Address 1DHA L~ — e [+ - — hs
Data Hold from Deselection tOHD 5 - 120 0 - 120 ns
CAPACITANCE {periodicaily sampled rather than 100% tested } P
Characteristic Condttion Symbol Tvyp Max Unit, -~ i
Input Capacitance Vin=0V,Ts =25% Cin 40 60 | - - TpF Jo
{f =10 MHz} .- Nt
L Output Capacitance Vout =0V, Ta =25°C Cout 80 12 ,- " pF
{t=10MHz) P
Note 3
Qutput Load =1 TTL Gate and Gy, = 100 pF {Includes Jig Capacitance])
Trmng Measurement Reference Levels Inputs 08Vand28V
Outputs 08V and 24V ORIGINAL PAGE IS
OF POOR QUALITY
ACTEST LOAD
50V
HL=22k
Test Paint
. MMD5150
100 pF * a7 kes T OEW
MMD7000
or Equiv -
- [;cludes Jig Capacr;am:e
**For Vot

i
Address
S
ToOHA —=|
L]
CS/WE
1Co
A DHD™
tAD —-
*
V7 S
Qumut Invalid Qutput Valid Qutput Invalid

{High Impedance)

//////%[
LLLLLLSL =

{Low Impedance)

:(ngh {mpedance}
L L

@ MOTOROLA Semiconductor Producits Inc.
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DC PROGRAMMING CONDITIONS AND CHARACTERISTICS
{Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED PROGRAMMING OPERATING CONDITIONS

Parameter Symbol Min Nom Max Umt

Supply Voltage Vee 475 50 525 Vde
VoD 114 12 1286 Vde

Vag -5725 -50 -475 vde

Input High Volitage for All Addresses and Data ViH 30 - Veet+10 Vdc
Input Low Valtage {except Program} ViL Vss - 0 65 Vde
CS/WE laput High Voltage (Note 4) VIHW 114 12 126 Vde
Program Pulse input High Voitage {Note 4) ViHp 25 - 27 Vde
Prograrm Pulse Input Low Voltage {Note 5) ViLp Vss - 10 Vde

Noted4 Referenced to Vgg
Note 5. Vigp — ViLp = 25V mm

PROGRAMMING OPERATION DC CHARACTERISTICS

Characteristic Condition Symbol M Typ Max Unit

Address and CS/WE lnput Sink Current | V=825V 1IN - - 10 rAde

ll Program Pulse Source Current ItpL - — 30 mAdc
' Prograrm Pulse Sink Current 1tpH - - 20 mAde
Vpp Supply Current Warst-Case Supply Currents iTs]n) - 80 65 mAdc

Ve Supply Current All Inputs High Icc - 6 10 mAdc

Vgg Supply current CS/WE =5V, Ty =0% lsg - 30 45 mAdc

' AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS
{Full operating voltage and temperature unless otherwise noted )

! Characteristic Symbol Min Max Unit
Address Setup Time tAS 10 — »S
CS/WE Setup Time tcss 10 - #s

l Data Setup Time tps 10 - Hs
Address Hotd Time tAH 10 - M5
CS/WE Hold Time TCH 05 - s
Data Hold Time toH 10 - B
Chip Deselect to Output Float Delay e 0 120 ns
Program to Read Delay . tDPR - 10 Ks
Program Pulse Width P o1 10 ms
Pragram Pulse Rise Time tPR 05 29 us
Program Puise Fall Time 1PF 05 20 us

@ MOTOROLA Semiconductor Products Inc.
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ORIGINAL PAGE IS
PROGRAMMING OPERATION TIMING DiaGRam  OF POOR QUALITY]

- 1 of N Program Loops -t READ ——»
{ ¢ {After N
ViHw __L ‘7 Program
Loops)
TS/WE
Vi
TcH
0SS Note &
¢ P
ViH s ') 'l §5 o\
Address Address 0 Address 1 1023 x Address 0
-t x{ ¢ 7 [ ]
f 5 g
ot ag —™ tAH - tAH -
{Read)
Vi {C £
1) N 7 ) 7777777
Data / Data Qut / Data Cut
/ Invalid // Vahid
v { ¢ v f ¢ YA IPIV IS
w 3T )5
-lo-—u--tDs——- tDH tDH -
tpR - tpwW J - tpe [——LHPR
£
2l
ViHP
Program
Pulse
Vi 7 E__j' Y

Note 6. The CS/WE transition must occur aftér the Program Pulse transition and before the Address Transition

@ MOTOROLA Semiconductor Products Inc.



s violet hght erasure. _

PROGRAMMING INSTRUCTIONS

~" After the completion of‘ an ERASE operation, eve;;\

bit i1 the device 1s tn the “1' state (represented by
Qutput High} Data are entered by programming zeros
{Output Low) into the required bits The words are
addressed the same way as in the READ operation A
programmed *‘0’" can only be changed to a “1* by ultra-
e —— e - — R

~To sét the memory up for programming mode, the
CS/WE nput {Pin 20} should be raised to +12 V  Pro-
gramming data 1s entered in 8-bit words through the
datas output termuinals (DO to D7)

Logic levels for the data lines and addresses and the
supply voltages (V. Vpp, Vg are the same as for the
READ operation

After address and datz setup one program pulse per
address 15 applied to the program mnput (Pin 18} A pro-
gram loop 15 a full pass through all addresses Total
programming time, Tpyaig] = N x tpy =2 100 ms  The
required number of program loops {N) is a function of the
program pulse width {tpyw), where 01 ms < tpy <
10 ms, correspondingly N 15 100 << N < 1000 There
must be N succassive loops through all 1024 addresses It
1s not permitted to apply more than one program pulse 1n
succession to the same address (1 e., N program pulses to
an address and then change to the next address to be pro-
grammed). At the end of a program sequence the CS/WE
falling edge transition must occur before the first address
transition, when changing from a PROGRAM to a READ
cycle The program pin {Pin 18} should be pulied down
to V“_p with an active device, because_th:s pin sources a
small amount of current (ijp; ) when CS/WE s at VIiHW
{12 V) and the program pulse is at ViLp

EXAMPLES FOR PROGRAMMING
Always use the Tpyqqa1= Nx tpyy = 100 ms relationship

\
I

I

1 All 8192 bits should be programmed with a 02 ms
program pulse width

The mmimum number of program joops:

TPiotal 100 ms
N r— “02me - 500 One program foop

consists of words 0 to 1023

2. Words 0 to 200 and 300 to 700 are to be pro-
grammed. All other bits are “don’t care”. The
programi pulse width 1s 05 ms. The mimmum

number of program loops, N = %Q% =200 One

program loop consists of words 0 to 1023. The
data entered into the “don't care” bits should be

all 1s

3. Same requirements as example 2, but the EPROM 135
now to be updated to nclude data for words 850
to 880 The mumimum number of program loops is
the same as in the previous example, N =200 One
program loop consists of words 0 to 1023 The data
entered nto the “don‘t care” bits should be all 1s
Addresses 0 to 200 and 300 to 700 must be re-
programmed with theiwr oniginal data pattern

ERASING INSTRUCTIONS

The MCM2708/27A08 can be erased by exposure to
high intensity shortwave ultraviolet hight, with a wave-
length of 25637 A The recommendad integrated dose {1 e,
UV-intensity X exposure time) 15 125 Ws/em?2 As an
example, using the “Model 30-000” UV-Eraser (Turner
Designs, Mountain View, CA94043) the ERASE time 1s
30 mmutes The lamps should be used without shortwave
filters and the MCM2708/27A08 should be positioned
about one inch away from the UV-tubss

QUTLINE DIMENSIONS
* R » MILLIMETERS]  INCHES
0IM[ MIN | MAX | BN | MAX
B NOTE
! 1 LEADS TRUE POSITIONED WITHIN 2 ff g; i'g gg ! ;gg [’,gfﬂ
L] 0 25mm (0 010) DiA (AT SEATING AR AR AR A
! L PLANE} AT MAXIMUM MATERIAL 5 E 381053 10015 0021
- A | CONDITION F | 0761 140 | 003010055
T _ 6] 25485C | 0 i006SE
H | 976 178 | 503010070
11 0z0] 030 Go0e {001z
K| 254 619 [ 018010165
— 700 S T T
E H N | 051 | 152 | 0028 006t
Hre - 3 EeanE ! K -. .
- G — 2y M = 71603

@ MOTOROLA Semiconductor Products Inc.

~
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APPENDIX C

Computer Program for the calculation of
Azimuth Initiate Angles, Elevation Fire Angles
and Center of Scan Angles.
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PROGRA¥ TO COMPUTE AVAILABLE AZIMUTH DATA ANGLES
INTTNGIR J3CT{3) ,BIN(8)
INITIALIZATION BLOCK

JHAST=HAST VELOCITY (RAD/S EC)

44 [R=M IRBOX VELOCITY (RAD/SEC) ORIGINAL PAGE IS
RI NCR=ENCODER RESOLUT ION (DEGREES) OF POOR QUALITY]
DHOLD=DATA HOLD TINT FOR INPUT COMMAMDS

ANG=-180.

WHAST=3. 141592

WHIR=HMAST*24.,
DTHETA=WMAST/WHMIR*US.
RINCR=360.,/256.
RPMAST=WHAAST*0,.549298
RPHIR=WMIR*3.549298 ,
DHOLD=2.0E3%3. 141592/ ({256.*WMAST)
SCANS=RPHAST/60.

DO 20 I2=1,254,32
I3=12+31
WRITT{6, 100)
WRITE(6,101)
DO 10 I=I2,I3
IBIN=T -1
CONVERT IBIN T0 ITS OCTAL AND BINARY REPRESINTATICNS
CALL OCTBIN{OCT,BIN,IBIN)
IBIN=I-1
ANG2=ANG+DTHETA/2.
WRITE(6, 102) ANG2,ANG, {OCT (J) ,3=1,3), (BI ¥ {J) ,d=1,8) ,IBIN, IBIN
ANG=ANG+RINCR
10 CONTINUS
WRITE (S5,T104)
RRITE (6, 103) HHAST,RPYAST, WNIR,RPMI R, DHCLD,BTHETA,SCANS
20 CONTINUE
HRITE(6, 100)

100 FORHMAT ('11)

101 FORMAT (*07,2X,t AZIMUTH DAT3 ANGLES 1, g,
~VTYITIATE ANGLE ADDR. IN MLCHORY'/' ',6X,
~'DLSRLOES? ,20%,*DEGREESY, 6%, 'OCTAL BINARY  DECINAL',
-1 EEX')

1062 FORMAT (* ',5X,F9.4,18X,F9.4,6%X,311,2X,811,4%X,13,6X,22)

103 PORMAT('-','M3ST VELOCITY= ',F7.3,' RAD/SEC = !',F7.1,
-% RPH'/'0Y,'MIRROR VELOCITY= ',F7.3,' RAD/SEC = ',F7.1,
-' RP¥',/'0','DATA HOLD TIME= ',F7.3,' MSECT/'0!,
-*DELTA THETA= ',F7.4,' DEGREBS'/'0',

-1SCANS PER SECO¥D= ',F7.3)

104 FCRHAT('0Y)

STOP
END

SUBROUTINE CONVERTS IBIN TO ITS OCTAL AND BINARY REPRESENTATICY
SUBROUTINE OCTBIN (OCT,BIN, IBIN)
INTEGER OCT(3),BIN(8),PuR
IBINT=IBIN

OCL (1)=IBIN/GE
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i

TS TY=MOD (IBIN, 64)
0CT (2) =IBIN/S
OCT {3) =012D (IBIN,8)

IBIN=IBINI

Do 10 I=1,7
pPUR=2%% (8~ T)
BIN(I)=IBIN/PUR
TBIN=MOD(IBIN,PHR)
CONTINUE

BIN (8) =IBIN

RETURN
ERD
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PROSRAM TO COMPUTE AVAILABLE AZIMUTH CENTER OF SCAN ANGLES
INTEGER OCT(3) ,BIN(8),0CT2(3) ,BIN2 (8)

INITIALIZATICN

RINCA=ENCODER RESOLOTION
ANG=-180..
RINCR=3560./128.

WRITE(6, 100)
ARILE{6,101)
Do 10 I=2,130,2
ORIGINAL PAGE I
IBIN=2EFERENCE ANGLE QF'EOOB.QUQJITY
IBT2=C0OMPUTER COMMAND WORD

I8IN=1283+2-T

IBINZ=IBIN/2+128

CALL OCTBIN {(OCT,BIN,IBLN)

CALL OCTBIN{OCTZ,BIN2,IBIN2)

WRITR{6, 102) ANG, (OCT(J) ,J=1,3) , (BIH (J} ,J=1,8) ,IBIH,

- (0CT2 {J) ,J=1,3), (BIN2({J},T=1,8)

ANG=ANG+RINCR

10 COMIINUE

Bo 20 1=2,126,2
IBIN=256-1
IBIN2=TIBIN/2+128
CALL OCTBIN {OCT,BIN,IBIX)
CALL OCTBIN (OCT2,BIN2,IBIN2)
WRITE(6, 102) ANG, (OCT(J) ,J=1,3), (BIY¥(J} ,d=1,8),IBIV,
~(oCT2 {J) ,J=1,3), (BIN2(J),d=1,8)
ANG=ANG+R INCR
20 CONTINUE

100 FORPAT (*17)

101 FORMAT(' *,21X,'AVATLABLE AZIHUTH CENTER OF SCAN ANGLES'//' ', 3X,

~-*CENTER OF SCAN',15X,'REF. ANGLE!', 11X, 'COMPUTER COMMAND WORD'/?
-7%, '"ANGLE', 15X, 'DCTAL BINARY HEX',11X,!'CCTAL BINARY '}
102 FORMAT (} ',6¥,P9.4,13%X,311,2X,811,2%,22,11X,311,8X,8L1)
WRITE {6, 100) - - - )
STOE
END

SUBRDUTINE I'OR DECIMAL TO OCTAL AND BINARY CONVERSIOH

SUBROUILNE CCTBIN({OCT,BIN,IBIN)
MUMBEZR TO BR CONVERTIED IS PASSED THROUGH IBIW
OCIAL AND BINARY REPRESENTATIONS ARE RETURNED IN
ARRAYS OCT AND BIN RESPECTIVELY
THE ARRAY ELEMENTS REPRESENT SINGLE DIGITS WITH
OCT (1} AND BIN{1) BEING THE MOST SIGNIFICANT EILTS
INTCGER OCT (3) ,BIN(B),PdR
IBIN 1=IBIN

DCT (1) =IBIN/6U
IBIN=MOD{IBIY,64)
OCT (2) =IBTIi /8
OCT (3} =MOD (IBIN,8)

IBLN=TBIN1
bo 10 1I=1,7
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PAR=2 %% (8 - )

BIM {T) =IBTIN PWR

IBIY=MCD(IBIM, PHR)
19 CONTINUE

BIN () =LBIN

IBIN=TIBIV1

(@]

RETURN
ERD

/EXECUTE
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PROGAAN TO COMOUTE AVAILABLE ELEVATION ANGLES
IRTEER OCT (3}, BIN (B)
RUAL LMIR,LASLIH ORIGINAL PAGE IS
OF POOR QUALITY
INITIVLIZATION BLOCK
LHLR=LELYGTH OF FACE ON OCTOGONAL MIRROR (INCHES)
WBLAM=YIDTH OF BEAM AT HIRROR SURFACE (LNCHES)
LASLIN=FREQUENCY LASER TS LIMITED TO FOR CONTIN. OPERATION (HZ)
2PMIR=AMGULAR VELOCITY OF MIRROR (RDH)
RINCE=SNCODER RESOLUTION (DEGREZS)
B1=ANGLE FROM HORIZONTAL WHERE BEAY TS AT FULL POWER (DEGPREES)
BN=ANGLE FROM VERTICAL WHERE BSAM IS AT FULL POWER (DEGRERS)
DBETA=MINIHUY ANGLE BSETWEEN ELEVATION SHOTS
LUIR=1.2426
HBEA#=.375
RINCR=90. /256.
B1=2.% {180.,3.181592) *ARCOS (. 383 % (LUI R~HEEAHK) /L¥IR) -135.
BN=-2. % {180. /3. 141592) #ARCOS {. 383% (LHIR +WBEAY) /LMIR) + 135,
AN G=0.
LASLIM=10000.
RPMTI=720.
DBETA=12. *REMIR/LASLIN
DBETA HMUST BE AN INTEGRAL MULTIPLE OF RLNCR, CONVERT IF NEC.
DBETA=DBETA/RINCR
IF(DBETA—FLOAT{IFIK(DBETR)).HE.O.)DBETRZDEETA+T.
DBETA=RINCR*FLOAT (LFIX (CBETA))

DO 20 I2=1,254,32

I3=12+31

WRITE(6, 100}

WRITE(6,101)

D0 10 I=I2,I3

IBIN=I~-1

CALL OCTBIN(OCT,BIY,IBIN)

IBIY=L-1

WRITE(6,102) ANG, (0OCT (J) ,J=1,3) , (BIN{J} ,J=1,8) ,TRIN, IBI}

-IF ANGLE IS NOT WITHIY FULL POWER RANGE FLAG WITH ASTERISK

IF ((ANG.LT.B1) .OR. ({30.-ANG} .LT.BN)) WRITE (6,103)
ANG=ANG#+RLNCR
10 CONTINUER
WRITC (6,104) DBETA, LASLIM, RPHIR,HBEAH
20 CONTINUFE
YRITZ (5,100}

100 FORMAT {'1")

101 FORMAT({'0*,2X,'AVAILABLE ELCVATION ANGLES',20X,
-1 aDDR. IW MBMORY'/' ', 11X,
~1'DEGREES',20%,6X,'0CTAL BINARY DECIMAL',

-1 ngl)

102 FORMAT{(' ', 10%,F9.4,18%,8%,3T1,2%,8T1,4%,13,6%,22)

103 TORMAT {'+*,20%, *%")

104 FORMAT (*'='/'-',2%,'DELTA BETA MTY¥.= !',F7.5,' DEGREES!/'0?,
-2X,'* ASTERISK 'INDICATES ONLY PARTTIAL LASER POWEBR'/' ¥,
-2X,* AVAILABLE AT THIS ELIVATION!/'0Q?,

-2X, ' ABOVE CDATA VALTID WHLM:'/'0',4X,*'LASCE LIBITED TO ',
-F7.1," HERTZ'/' *,uX,"MIRROR VELOCITY= ',F6.1,% RPH'/% %,
-4X, 'BEAY WIDTH= '!',F7.4,' TYCHES')

STOP
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END
C SUCSROUTINE FOR CONVIERTIING IBIN TO

SUBRQUITINE CCTBIY(OCT, BIN, IBIN)
INTEGEZ OCT(3) ,BIN(8),DPHR
IBIN1=IBIN

OCT {1) =IBIN/6U
IBIN=MOD (IBIN, 64)
OCT (2) =IBIN/8

OCT(3) =MOD (IBIN,8)

1

IBIN=IBIV1

DO 10 I=1,7

PHR=2%# (8~1)

BIN (I)=IBIN/PHR

IBIN=NOD (IBIN ,PWR)
10 CONTINUE

BIN (8) =IBIN

!

RETURN
E¥D

/EXECUOTE
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