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1.0 INTRODUCTION AND SCOPE

On day 311 at 07:39:01. 075 GMT, the sixth Surveyor spacecraft was
launched from pad 36B at AFETR at a launch azimuth of 82. 955 degrees.
The launch into parking orbit was near perfect, with the spacecraft being
injected into its translunar trajectory after the second Centaur burn at
311:08:04:30 GMT. Subsequent transit operations were nominal, and termi-
nal descent to a soft landing on the moon was accomplished on 10 November
1967. Over 30,000 high quality television pictures were taken, and approxi-
mately 59 hours were accumulated by the alpha scattering device. In addition
to further experimental information concerning the chemical composition of
the lunar surface, the first powered flight translation of a Surveyor space-
craft was accomplished at 10:32:02 GMT on day 321. Over 10,000 of the
television pictures were taken from the post-translation position, providing
valuable stereo views of surface objects.

The basic purpose of this report is to document the actual perform-
ance of this spacecraft throughout the mission, compare its performance with
that predicted from spacecraft design, summarize preliminary failure inves-
tigations, and recommend any changes or modifications that should be made
to the spacecraft design. This report is based on both real time and post-
mission data analysis.






2.0 DESCRIPTION OF SURVEYOR SYSTEM

The Surveyor spacecraft is designed and built by Hughes Aircraft
Company for the National Aeronautics and Space Administration under the
direction of the California Institute of Technology Jet Propulsion Laboratory.
It has been conceived and designed to effect a transit from earth to the moon,
perform a soft landing, and transmit to earth basic scientific and engineer -
ing data relative to the moon's environment and characteristics.

2.1 SURVEYOR VI MISSION OBJECTIVES

The primary objectives of the Surveyor VI spacecraft system were
as follows:

1) Accomplish a soft landing near the center of the moon at 0. 42°N
and 1. 33°W

2) Demonstrate spacecraft capability to soft land on the moon with
an oblique approach angle of 25 degrees

3) Obtain postlanding television pictures

4) Obtain data on radar reflectivity, thermal characteristics,
touchdown dynamics, and other measur ements of the lunar sur-
face through use of various payload equipment, including the
alpha scattering device.

Surveyor VI achieved these objectives. A soft landing occurred near
the center of the moon at an approach angle of 24. 5 degrees. Television
pictures were transmitted from the lunar surface, extensive use was made
of the alpha scattering device, and the first lunar powered flight translation
was accomplished.

2.2 SURVEYOR VI FLIGHT CONFIGURATION
For a summary description of the major Surveyor functions and design

mechanization, consult the "Surveyor I Flight Performance Final Report!' or
Section 2.3 of the '"'Surveyor Spacecraft Equipment Specification" (References 1

PRECEDING PAGE BLANK NOT FILMED.



TABLE 2-1.

MAJOR SURVEYOR V DESIGN CHANGES

Subsystem

- RF

Signal Processing

Solar Panel

Power

Flight Control

Radars

Propulsion

A/SPP

Television

Alpha
Scattering
System

Change

Elimination of power dropoff with temperature
Elimination of microswitches in transfer and SPDT
switches

Data channel reassignment

Use of flat cell mounting
Lower voltage output

Elimination of auxiliary battery

Elimination of OCR in battery charge regulator

Higher efficiency and current limiting in boost
regulator

Separation latch

Increased midcourse timing capability
Terminal descent staging

Nitrogen tank thermal characteristics

Improved AMR noise figure

RADVS 3-beam crosscoupled sidelobe logic
RADVS crosscoupled sidelobe logic at low altitudes
RADVS on/off relay

Helium check and relief valve assembly
Pressure and temperature transducers on fuel lines

High torque motors
Strengthened axes locks
Strengthened sector gear
Solar axis support tube

Removable mirror assembly — Strengthened drive
ring gear and drive shaft

Potentiometers — New dry lube and thicker wiper

Vidicons — Survival heater and optical front porch

Spherical viewing mirrors

Instrument sensor

Deployment mechanism

Compartment C — Instrument electronics, instrument
auxiliary, and thermal control




and 2). Surveyor VIis a reconfigured spacecraft (as compared to Surveyors
I through 4). Major design changes were first made on Surveyor V, and
Table 2-1 provides a summary of these (from Reference 3). In Table 2-2,
additional changes to the reconfigured design, which occurred first on Sur-
veyor VI, have been given (summarized from Reference 4). To define the
spacecraft configuration at launch, a list of Surveyor VI control items, sep-
arated by subsystem or function, is given in Table 2-3 (Reference 5).

TABLE 2-2. SIGNIFICANT DESIGN CHANGES FROM
SURVEYOR V TO VI

Change flight compartment B thermal blankets, permitting
their installation and use for STV, Test access installed
in compartment.

A third auxiliary TV viewing mirror was added to permit
viewing of the lunar surface where the alpha scattering

experiment is deployed.

A /SPP position potentiometer drive was changed to
eliminate slippage.

Survey camera incorporates survivable vidicon and gain
change.

Change in manufacturer source of subcarrier oscillators.




TABLE 2-3. SPACECRAFT UNIT CONFIGURATION

AT LAUNCH
Subsystem Part Name, Number, S/N
Electrical Power Main battery, 237900, S/N 150

Thermal control and heater A, 283724-1, S/N 14
Thermal control and heater B, 283724-2, S/N 11
Boost regulator, 3024240-1, S/N 15

Battery charge regulator, 3024260-1, S/N 13
Solar panel, 251167, S/N 2

Main power switch, 254112, S/N 14

Engineering mechanisms auxiliary, 263500-10,
S/N 16

Flight Control Flight control sensor group, 3023450-2, S/N 3
Roll actuator, 235900-3, S/N 10
Gas supply, attitude jet, 235600-3, S/N 1
Attitude jets, 235700-2, S/N 12 and 18
Attitude jet, 235700-3, S/N 8
Secondary solar sensor, 235450—1, S/N 3
Radar Altitude marking radar, 283810, S/N 13
KPSM (RADVS), 232909, S/N 12
SDC (RADVS), 232908-6, S/N 8

Altitude velocity sensor antenna (RADVS), 232910,
S/N 13

Velocity sensor antenna (RADVS), 232911, S/N 13
Waveguide assembly (RADVS), 232912, S/N 12

RADVS on/off switch, 274153, S/N 14




Table 2-3 (continued)

Subsystem

Telecommunications

Signal Processing

Television

Part Name, Number, S/N

Transmitter A, 3024400-1, S/N 17

Transmitter B, 3024400-1, S/N 19

Command receiver A, 231900-3, S/N 18

Command receiver B, 231900-3, S/N 26

Omnidirectional antennas A and B, 232400,
S/N 13 and 26

Telemetry buffer amplifiers A and B, 290780-1,
A/N 23 and 22

Planar array antenna, 232300, S/N 14

Low pass filters A and B, 233466, S/N 28 and 27
RF switch, SPDT, 284344, S/N 14

RF transfer switch, 284345, S/N 12 '

Signal processing auxiliary, 232540-1, S/N 8
Central command decoder, 232000-5, S/N 7
Low data rate auxiliary, 264875-2, S/N 8

Engineering signal processor, 233350-10, S/N 3

Auxiliary engineering signal processor, 264900-7,

S/N 2

Central signal processor, 232200-7, S/N 2
TV auxiliary, 232106-7, S/N 14

Survey camera, 290512-3, S/N 14

Photo chart, antenna B, 231051, S/N 17
Photo chart, leg 1, 230992, S/N 17
Viewing mirror, 3035010, S/N 3

Viewing mirror, 3035000, S/N 3

Viewing mirror, 3035080, S/N 2

2-5



Table 2-3 (continued)

Subsystem

Propulsion

Mechanisms

Part Name, Number, S/N

Oxidizer tank, 287119, S/N 5
Oxidizer tank, 287121, S/N 4
Oxidizer tank, 287120, S/N 5
Fuel tank, 287117, S/N 9
Fuel tank, 287118, S/N 4
Fuel tank, 287117, S/N 10

Check and relief valve assembly 1, 287290-30,
S/N 1

Check and relief valve assembly 2, 287290-50,
S/N 18

Helium tank and valve assembly, 3026042, S/N 3

Thrust chamber assembly, 285063-4 (Hughes),
S/N 564

Thrust chamber assembly, 285063-7 (Hughes),
S/N 540

Thrust chamber assembly, 285063-6 (Hughes),
S/N 562

Main retro, 238612, S/N A21-29
Spaceframe, 3025093-1, S/N 1

Omnidirectional antenna A mechanism, 3028000-1,
S/N 3

Omnidirectional antenna B mechanism, 273880-2,
S/N 2

Antenna/solar panel positioner, 3035092-1, S/N 1

Leg position pots, 988684-1, S/N 337, 338, and
339

Retro-rocket release mechanisms, 230069-1,
S/N 19, 20, and 21
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Table 2-3 (continued)

Subsystem

Mechanisms
(continued)

Alpha Scattering

Thermal Control

Part Name, Number, S/N

Separation sensing and arming devices, 293400
S/N 22, 23, and 25

b

Shock absorbers, legs 1 through 3, 238927,
S/N 13, 15, and 16

Magnet assembly, leg 2, 3050836-1, S/N 7

Footpad leg 1, 263947, S/N 572

Footpads legs 2 and 3, 263947-1, S/N 569 and 573

Landing gear, 261278, S/N 9
Landing gear, 261279, S/N 8
Landing geér, 3025100, S/N 2
Crushable block, 261281-2, S/N 406
Crushable block, 3050736,
Crushable block, 3050697

Strain gauge amplifier, 238930, S/N 9

Auxiliary, 274350-1, S/N 4

Electronics, 239305, S/N FU-1
Deployment mechanism, 3024801, S/N 2
Sensor head, 239304, S/N FU-1
Standard sample, 239397, S/N F1
Heater, compartment C, 290900, S/N 2
Passive simulator, 3024506, S/N 4
Thermal switch A, 3028200-2, S/N 7

Thermal switch A, 3028200-1, S/N 21, 22, 23,
25, 27, 28, 29, and 32

Thermal switch B, 3028200-4, S/N 6
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Table 2-3 (continued)

Subsystem

Thermal Control
(continued)

Harness

Part Name, Number, S/N

Thermal switch B, 3028200-3, S/N 7, 13, 15,
16, and 18

Thermal shell, compartment A, 3025262, S/N 2

Thermal shell, compartment B, 3025288, S/N 2

Thermal tray, compartment A, 3025094, S/N 3

Thermal tray, compartment B, 3025096, S/N 3

Wiring
Wiring
Wiring
Wiring
Wiring
Wiring
Wiring
Wiring
Wiring
Wiring
Cable,

Wiring

harness compartment B, 3025790, S/N 1
harness compartment A, 3025637, S/N 2
harness basic bus 1, 3020797, S/N 1
harness TV camera, 285833, S/N 2
harness basic bus 2, 3020799, S/N 1
harness TV auxiliary, 3025391, S/N 2
harness retro motor, 285832, S/N 2
harness battery cell volt, 3025155, S/N 8
harness separation squibs, 285831, S/N 3
harness A/SPP, 3025420, S/N 3

retro igniter, 286927, S/N 2

harness ASI, 3025641, S/N 2
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3.1 SUMMARY

3.0 SYSTEM SUMMARY

OF SIGNIFICANT ANOMALIES

There were no anomalies during the transit portion of Mission F.
Table 3-1 summarizes the three problems that occurred on the lunar
surface. For this report, an anomaly is defined as an unexpected
occurrence that might be indicative of a spacecraft trouble or failure.

TABLE 3-1. SPACECRAFT ANOMALIES

After day 323

Day 329 and
after

GMT,
day:hr:min:sec Anomaly Effect on Mission
321:10:32:04 During lunar translation, None. Engines were shut
the first of two vernier down by the second 0735
engine off commands command.

(0735) did not shut down
the engines (see subsec-
tion 5. 3. 2. 3), probably
due to an RF multipath

null.

The vernier system None on normal operations.
developed a leak which Any attempts at lunar
eventually resulted in translation should be
complete loss of helium modified if telemetry

and oxidizer pressure. indicates a vernier sys-
There was probably a tem pressure loss.

slow liquid leak on
oxidizer tank 1 initially,
followed by a rapid gas
leak (see Appendix A to
subsection 5. 6).

Several thermal switches | The extent of spacecraft
in compartments A and B | operations into lunar night

stuck closed, ordid not was shortened, and the
actuate at proper tempera-| probability of lunar night
ture (TFR18271). (See survival was reduced.

subsection 5.1.2.)

3-1
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3.2 CONCLUSIONS

Performance of the Surveyor VI spacecraft was excellent during
flight and on the moon. A selected group of performance parameters which
could be directly determined through analysis of spacecraft telemetry for
the six Surveyor flights are summarized in Table 3-2. Required or
predicted values of these parameters for Surveyor VI are included in this
summary.
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TABLE 3-2. SUMMARY PERFORMAI#

?

Actual
Spacecraft 1 2 3 4
Parameters Units
LAUNCH TO ACQUI
Ignition-liftoff GMT 0 second is 1966 |0 second is 1966 [0 second is 1967 |0 second is 1967 | 0 second is 1967
150:14:41:00.99 263:12:31:59.824 [107:07:05:01. 059 [ 195:11:53:29. 215 251:07:57:01. 257
Booster engine cutoff seconds 142.2 142.29 142.5 141.88 153.4 ;
Booster jettison from 145.6 145.75 145.5 145. 38 156.8
Insulation panel jettison liftoff 176.2 176.06 176.2 176.18 198. 4 1
Nose fairing jettison 203.0 202.90 203.5 203.38 228.6 |
Sustainer engine cutoff 239.3 235.17 237.7 237.98 246.4 |
Atlas/Centaur separation 241.8 237.03 239.6 241.58 248.7
Centaur main engine cutoff 1 689.3 686.3 569 687.98 587.0
Centaur main engine cutoff 2 None None 2028.8 None 1103.9 ‘
Surveyor: |
Extend landing gear 715.5 710.7 2051.8 715.78 1124.2 |
Extend omnidirectional antenna 725.7 720.7 2061.8 725.28 1134.4 |
Transmitter to high power 745.4 741.4 2072.5 745.98 1154.7 |
Electrical disconnect from 752.3 742.08 2087.8 751.28 1160.9 ‘
Centaur
Centaur separation 4 757.1 752.58 2093.4 756. 88 1165.5 |
Time to null rates to 0. 1deg/sec seconds <15 <4 <11 <13 <20 :
Pitch degrees ~0 - — +0.35 1
Yaw degrees 2.3 — — -2.0 !
Roll degrees ~0 - - ~0 |
Centaur retro maneuver time seconds L+ 996.0 L+992.8 L+ 2355.5 L+ 996.88 L+ 1405.5
Solar axis deployment time seconds 617 360 358 348 298 ‘
Spacecraft separated weight pounds ~2192.8 2203 2281.3 2294.9 2216.8 ]
Spacecraft cg location |
X inch -0.116 -0.101 +0.058 +0.044 -0.070 ‘
Y inch -0.092 +0.010 +0.179 -0.188 +0.779 |
z inch ~59.185 59.16 58.95 58.88 59.69 |
|
Spacecraft moment of inertia |
x slug-ft2 195.4 200 202 204 210 |
Ly slug-fté 191.7 196 198 200 211 |
Izz Slug—ft2 213.3 215 223 225 211
COAST
Sun acquisition
Roll angle degrees -87 -71.5 -181 -59.4 -342
+15 +38 +42.1 +18.0
Yaw angle degrees +99 22
Total time seconds 372 174.8 438.2 203 7 ‘
Star acquisition R . : ‘
Proper acquisition and Manual Manual Automatic Automatic Automatic |
|
Canopus verification |
Roll angle from beginning of degrees 580. 6 240 +205 +210.5 +179 ‘
maneuver to Canopus I
Objects identified Alpha Doradus Zeta Draconis Canopus Eta U Majoris Zeta Ophiuchi |
Phi Eridani Beta Draconis Moon Delta Velorum (Antares, Tau Scj
Markab Ras Alhague Jupiter Samma Gamma Tr. Aust
Pi Cygni Shaula Earth Casiopeiae Can?pus ) J
Alderamin Theta Scorpii Procyon Canopus (Alnitak, Alr.nlam‘
Regulus Gamma Arae Altair Moon Alpha Leporis |
Alpha Hydrae Alpha Tr. Adhara Earth Earth .
Naos Australis Bellat-rlx ‘
Canopus Alpha Arae Polaris |
Zeta C Majoris |
Canopus |
Mean roll rate during star deg/sec +0.5004 +0.4998 0.5011 0.5003 0.5007 |
map phase
Effective gain of Canopus sensor| X Canopus | 1.5 >1.5 1.03-1.22 1.16 1.32 ‘
1
Attitude orientation |
Average error from sunline ‘
Pitchg degree -0.058 -0.07 0 +0.009 Very small \
Yaw degree -0.053 -0.1 +0.02 +0.08 i
Roll degree -0.055 -0.08 -0.06 ~0 i
|
|
|
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ICE PARAMETERS

Subsection

or Reference for Surveyor VI

Predicted or Specified

Reference

Comments

1SITION SUMMARY

0 second is 1967
311:07:39:01. 075

153. 4 FPrAC 153.5 Preflight nominal
156.7 156. 6 trajectory
198.3 198.5
228.6 228.5
245.6 248.5
248.2 250.2
581.0 579.6
1468.7 1465.9
1487.9 1487
1498. 4 1497.5
1518.9 1518
1524 1523.5
1528.9 1529
<17 Within 50 seconds
Vo 4]
{ =
1+1532.3 FPAC L+ 1534
337 5.11.4 337
2220. Spacecraft weight,cg and
moments of inertia at
separation
-0.063
+0.732
59.7
210
211
211
SUMMARY
. Roll maneuver untilactiva-
-264 ©5.5.4.3 224832A tion of acquisition sun sensor
+22 18 minutes maximum (7.3.3.3.4) andthena yaw maneuver until
572 primary sun sensorillumination
Automatic 5.5.4.4 224832A
(7.3.3.3.5)
+298
Deneb
‘rpii) Canopus
alis Earth
Mintaka}
0.5009 0.5
1.10 Design Normally the gain setting
is 1 x Canopus
Sensor group roll axis shall
be held within 0.2 degree of
Very small Within 0.2 degree 224832A sun-spacecraft line
(7.3.3.3.6)

FOLDOUT FRAME
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Table 3-2 (continued)

Actual
Spacecraft 1 2 3 4 5
Parameters Units
COAST SUMMARY (continue
Average error from Canopus line
of sight
Pitch degree -0.058 -0.07 0 ~0 Very small
Yaw degree -0.053 -0.1 +0.02 ~0
Roll degree -0.055 -0.08 -0.06 +0.104
Limit cycle optical mode
Average amplitude — roll degrees 0.441 0.441 0.55 0.6 0. 46
Average amplitude — pitch degrees 0.470 0.45 0.51 0.44 0.37
Average amplitude ~ yaw degrees 0.457 0.37 0.54 0.41 0.50
Average period seconds 65 64 68.5 64
Limit cycle inertial mode
Average amplitude — roll degrees 0.415 0.47 0.46 0.48 0. 30
Average amplitude — pitch degrees 0.443 0.42 0.48 0.46 0.31
Average amplitude — yaw degrees 0.417 0.43 0.50 0.53 0.36
Average period seconds 50 61 68.5 61
Gyro drift
Roll deg/hr 0.2 -0.78 +1.1 -0.5 +0.85
Pitch deg/hr 0 +0.24 +0.6 -1.0 +0.60
Yaw deg/hr 0.75 +1.09 -0.8 + 0.15 ~0.60
MIDCOURSE SUMMARY
Time of initiation of vernier burn GMT 151:06:45:03.801 | 264:05:00:02 108:05:00:03.433 [197:02:30:00 252:01:45:02. 3
(1) (2) (3) (4)
Duration of burn(s) seconds 20.815 NA 4.245 10.48 14,22 110. 04 123. 04 12.32 |3
Command of first maneuver GMT 151:06:30:12.888 | 264:04:44:00 108:04:46:49.8 197:02:15:28.9 252:01:32:57. 0
First maneuver degrees 86.6 roll +75.4 roll +56.7 roll +72.5 roll +71.9 roll Prior to
Command of second maneuver GMT 151:06:34:48,861 | 264:04:48:05 108:04:50:08. 2 197:02:21:09.9 252:01:36:27.3 Midcourse
Second maneuver degrees 58.0 yaw +110.6 yaw -39.1 pitch -64.3 yaw -35.5 yaw
Command of third maneuver GMT NA NA NA NA NA
Third maneuver degrees NA NA NA NA NA
(1) (2) (3) (4)
Midcourse AV m/sec 20.26 NA 4.2 10.13 14.2 9.78 122.54] 13.02 3
Midcourse AV error m/sec -0.081 NA 0.176 -0.17
Peak attitude transients at ignition
Roll degrees -0.43 NA -1.0 - -0.88 |-0.88 |-0.84 [ -0.90 |-
Pitch degrees 0 NA -0.125 -0.17 -0.24 0 -0.13] ~0.05 [+¢
Yaw degrees -0.08 NA +0. 30 +0.19 +0.08 [+0.25 [+0.19] +0.20 |+
Peak angular error at shutdown NA (1) (2) (3) (4)
Roll degrees — +0.58 +1.18 +1.2 |+1.0 {+1.1 -0.44 |+
Pitch degrees - +0. 96 +1..09 +0.13 | +0.16 | +0.58] +0.14 |+
Yaw degrees - +1.97 +0. 10 +0.50 | +0.90 | +0.48 [ +1.3 [+
Roll actuator position
Peak at ignition degrees +0.9 -0.8 -1.22 -
Mean during burn degrees +0.65 - -
Engine shutoff impulse
Engine 1 1bs/sec 0.27 -0.31 -0.18 -0.06 | -0.10 { -0.13[ -0.07 | -
Engine 2 lbs/sec -0.37 +0.42 +0.03 +0.05 |+0.18 | +0.11[+0.1 [+
Engine 3 1bs/sec 0.10 -0.11 +0.15 +0.01 |+0.08 | +0.02| -0.03 | -
Shutdown angular rate
Pitch deg/sec - +0.24 +0.06 | +0.06 | +0. 13| +0. 06 |+
Yaw deg/sec - -0.01 +0.06 | +0.23 | +0.12| +0.17 | -
TERMINAL DESCENT SUMMA
Landing location 2.41°S, 43.35°W |5.5°N, 12.00°S | 2.94°S, 23.34°W | 0.47°N,1.44°W | 1.50°N, 23.19°E
Approach flight-path angle degrees 6.13 NA 23.6 31.5 46.4
Goldstone visibility
Pre-touchdown hours 4 ~4.5 NA
Post-touchdown hours 5 ~10 NA
Transmitter high power on 153:05:20:18.3 109:23:09:40.7 198:01:09:26.8 253:23:51:41. 3
Telemetry mode NA 2/3 6 6 6
Bit rate bps 1100 1100 1100 1100
Touchdown strain gages NA Yes Yes Yes® Yes
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6
Subsection Predicted or Specified
or Reference for Surveyor VI Reference Comments
:d)
Very small Within 0.2 degree 224832A Canopus sensor null with
(7.3.3.3.6) respect to sensor group
roll pitch plane
0.41 5.5.4.6 +0.44 degree 224832A
0.52 (7.3.3.3.3)
0.52
0. 48 5.5.4.6 +0.44 degree 2248324
0.37 (7.3.3.3.3)
0.20
-0. 64 5.5.4.9 224832A Non g-sensitive
0 (7.3.3.3.3C)
+1.4
312:02:20:02. 1 5.5.4.8 and First burn only
4.1.6 Surveyor V
(5) (6)
.07 l 5.40 10. 242
312:02:02:59
+91.8 roll
No.1 312:02:09: 08
| +127. 4 yaw
| NA
i NA
£5) (6)
.32 1 5.28 10. 1217 10. 06
} +0. 058
-0 |-0.82 - 5.5.4.8
). 05 [+0.1 0.17
.22 |-0.18 0.17
]
) | _ ,
b2 +0. 36 +0.77 5.5.4.8 () refers to particular mid-
.71 {+1.2 -0, 33 course of Surveyor V
5 [-2.2 -0. 47
).53 1-0.29 +0.085 5.5.4.8 4 Impulse 224832A
.65 |+0.15 ~0. 09 <0.66 1b/sec (8.3.1.3.2.4.2)
).12 [40.14 +0. 015
).46 [+0.13 -0.08 5.5.4.8
).76 |~0 -0.1 ’
RY
0.470°N, 1.480°W SC -2 impacted moon.
SC -4 impacted moon.
24.5 Last signal on terminaldescent.
~3
314:00:07:32. 2
6
1100
Ves
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Table 3-2 (continued)

T,

FOLDOUT FRAME

Actual
Spacecraft 1 3 4
Parameters Units
TERMINAL DESCENT SUMMARY ({continued)
Command of first maneuver GMT NA 109:23:23:30 198:01:24:44.2 254:00:12:15. 1
First maneuver degrees +89. 3 roll -158 yaw +80. 8 roll +73.8 roll
Command of second maneuver GMT 109:23:30:17 198:01:29:34.2 254:00:16:20. 5
Second maneuver degrees +60. 0 yaw -76.8 pitch +92.7 yaw +119.6 yaw
Command of third maneuver GMT 109:23:34:35 198:01:35:04. 6 None
Third maneuver degrees +94.4 roll -64 roll -25.4 roll None
AMR enabled (station time) GMT 153:06:12:57. 684 109:23:59:35. 252 1198:02:00:16.99 | 254:00:43:00. 9
AMR mark (station time) GMT 153:06:14:39. 708 110:00:01:12. 829 |198:02:01:56. 08 254:00:44:39. 081
AMR backup mark (station time) GMT 110:00:01:13.439 [198:02:01:56. 35 254:00:44:46. 38
Ignition delay time seconds 7.85 5.09 2.73 12.33
Retro delay time seconds 1.1 1.1 1.12 1.07
Retro action time (T3500) seconds 38.9 41,02 ~42 38. 56
Maximum retro thrust pounds 9900 9550 9250 9950
Thrust to velocity vector degrees 0.26 0.34 0.17° 0. 30
- Retro thrust to cg offset inch <0.02 0.024 - -0.048
Start RADVS — controlled descent
Slant range feet 27820 36158 NA 6300
Altitude feet 27800 32900 49420 4139
Vs fps 425 462 NA +46
Vx fps 71.3 171 NA -41
Vy fps -4.1 NA +50
V=-Total fps 430 483 1092 79
Flight-path angle degrees 26.8 26.8 -35.67
Peak attitude transient at retro
ignition
Roll degree - -0.22 ~0 -0.16
Pitch degree -0.41 -0.10 -0.09 +0.5
Yaw degree -1.03 ~0 -0.35 -0.5
RODVS acquire condition
Slant range feet 55000 63900 78000
Velocity fps 3280 3230 3414
RORA acquire condition
Slant range feet 36000 43700 NA
Velocity fps 690 640 NA
Beam loss of locks
Retro case NA No. 3 once No. 4 once None Nos.4, 3 once
Other NA None Nos. 3, 4 once None None
Segment acquisition NA
Slant range feet 18000 22300 806
Velocity fps 442 495 97
1000 foot mark conditions
Time GMT 153:06:17:10. 494 110:00:03:53. 023 254:00:46:19. 697
Velocity fps 103.1 103.27 96.03
Attitude degree 1.11 0.51 -7.5
10-fps mark conditions
Slant range feet 43 46 46
Time GMT 153:06:17:28.719 110:00:04:10.623 254:00:46:37. 097
Attitude degree 0.7 0.025 -0.53
A Time 1000 foot mark to 10-fps seconds 18.22 17.6 17.4
mark
A Time 10 fps mark to 14-foot seconds 6.45 NA 5.6
mark
Vernier engine shutoff
14 foot mark GMT 153:06:17:34. 169 NA 254:00:46:42. 697
Altitude (from foot pads) feet 13 NA 14.5
Vertical velocity fps 5 NA 5.2
Lateral velocity fps ~0 NA ~0
Angle to local vertical degree ~0.3 NA -0.11
Time to touchdown seconds 1.53 NA 1.7
Touchdown condition trajectory
Vertical velocity fps 12.2 6-8 13.5
Lateral velocity fps ~0.6 ~0 0.5
Attitude degree ~0 ~0 ~0
Touchdown conditions (strain gages)
Vertical velocity fps 10 6 12 to 13
Lateral velocity fps 2 0.5 <1
Attitude degree 1 =0 ~0
Spacecraft attitude after landing .
Roll orientation (+ x-axis tonorth) | degrees 179 ¢l 134.2 clockwise 114.5 clockwise
Tiit magnitude degrees 12 19.5 X
Tilt direction degrees 277 clockwise 7.6 clockwise
Vernier fuel used pounds 139.0 140.1 136.62
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Subsection Predicted or Specified
or Reference for Surveyor VI Reference Comments

314:00:25:20
+82. 0 roll

314:00:29:38
+111. 8 yaw
314:00:34:56
+120. 5 roll

314:00:56:19. 6 AMR times received at DSS
314:00:57:57. 038
314:00:57:58. 99
3.900

1. 100 224832A
39.37 (7.3.3.3.9) SC-4 loss of signal at
9700 198:02:02:41. 018

0.8
0.04

W oo
[GRC NN
wwww

40574 5.12.3 5.12.3 Burnout data for SC-4
36625 37,005 is at signal loss

463 468
225 105

0 36
515 482
8.1 10.82

-0.77 5.5.3 224832A

-0.17 (7.3.3.3.10)
-0.08

68022
3202

35924
515

None

24730 5.12.3 23,000
522 5.12.3 494

314:01:00:40. 534

1, 5.12.3 106
: 5.12.3 1.3
50 43
314:01:00:57. 634 | > 123

0.03 5.12.3 0.02
17.1

6.5

314:01:01:04, 133

14 5.12.3 13.0
5 5.12.3 5

~0 ~0
0.03 5.12.3 0.01
1.33

32'5 5.12.3 12.5
o 5.12.3 0.

~ 5.12.3 _
11.5 5.10.4.2

<1 5.10.4.2

~2

118. 299 clockwise

0.86

335. 04 clockwise

146. 33 5.12.3 136.65
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4.0 SYSTEM PERFORMANCE ANALYSIS

4.1 GENERAL MISSION SUMMARY

Surveyor VI was launched from pad 36B at Cape Kennedy on a parking
orbit lunar intercept trajectory at a launch azimuth of 82. 995 degrees; this
launch culminated in a soft landing on the moon. The flight of Surveyor VI
began on 7 November 1967 (311:07:39:01. 075 GMT) and soft landed on 10 Nov-
ember 1967 (314:01:01:05. 467 GMT). A total of 30, 065 television pictures
were received and 59 hours of lunar science data were accumulated by the
alpha scattering experiment. At 321:10:32:02 GMT, lunar liftoff and trans-
lation were successfully accomplished. Performance of the Atlas and Cen-
taur (AC-14) launch vehicles appeared excellent throughout the flight period
as mark events occurred very close to predicted times. No anomalies wer e
noted during transit.

A summary of the mission event history is contained in Table 4-1.
Injection of the spacecraft occurred at 311:08:04:30 GMT on a trajectory that
with a midcourse correction provided a total miss of 7.2 kilometers from the
targeted aiming point of 1.01330W longitude and é). 417°N latitude for a landing
site estimated to be 0.437 N latitude and 1.373" W longitude from final post- _
touchdown orbit determination. Lunar Orbiter evaluation gave 470 N latitude
and 1.480°W longitude. During transit, sun acquisition, solar panel deploy-
ment, DSIF acquisition, initial commanding and interrogations, star acquisi-
. tion and verification, and midcourse and terminal descent maneuvers were
all successfully executed.

The earth track traced by Surveyor VI is shown in Figure 4-1, and
predicted view periods for the tracking stations are given in Table 4-2.

4. 1.1 Spacecraft Transit Phase Command Log

A detailed list of spacecraft commands sent during the transit portion
is presented in Table 4-3. This table includes the time the command was sent,
bit rate, telemetry mode, and tracking station originating the command.

4. 1.2 Prelaunch Countdown

During countdown, an apparent real time anomaly occurred when the
AMR heater on command (0624) sent in step 004, substep 011 was not indicated



by the command printer. Subsequent investigation showed that the command
was sent and received at the spacecraft but was missed by the command
printer. The countdown proceeded to a successful launch.

4. 1. 3 Launch, Injection, and Separation

The parking orbit boost phase was normal, with the Atlas roll and
pitch programs and the normal opening and closing of the spacecraft inertia
switch being confirmed by spacecraft telemetry. Figure 4-2 shows the major
events of the trajectory through separation as seen in profile. Table 4-4 con-
tains Atlas/Centaur mark events, as well as spacecraft telemetry verification
of Centaur-initiated commands. Subsequent to injection and just prior to its
separation from the spacecraft, the Centaur issued the preprogrammed
commands ''extend landing gears,' '"extend omni antennas,' and ''transmitter
high power on,'" all of which are verified by spacecraft telemetry. Separa-
tion of Centaur and Surveyor occurred immediately thereafter.

Following separation, solar panel stepping was initiated, the cold
gas jets were enabled, and the roll-yaw sequence to acquire the sun was
initiated. The poor quality of data prevented effective monitoring of the
solar panel stepping and the spacecraft maneuvers to acquire the sun,
Verification of solar-panel-axis stepping to the transit position, A/SPP
roll-axis stepping to the transit position, and achievement of sun lock on
were finally accomplished.

4. 1.4 DSIF Acquisition

At 311:08:10 GMT, the spacecraft became visible to DSS 51
(Johannesburg), which achieved one-way lock at this time. At 311:08:13 GMT,
the acquisition was completed when two-way lock was established between
'DSS 51 and the spacecraft.

The first ground-controlled sequence (initial spacecraft operations)
was initiated at L+40M31S by commanding off the transmitter high voltage
and filament power. In addition, commands were sent to the spacecraft to
turn off other equipment required only for the launch-to-DSIF -acquisition
phase (e. g., solar panel deployment logic off and A/D isolation amplifier
off); to seat the solar panel and roll axis locking pins securely (i.e., by
rocking the axes back and forth); to switch from the 550-bps, low modulation
index mode to the 1100-bps, normal modulation index mode; and to inter-
rogate telemetry commutator modes so that the overall condition of the
spacecraft could be assessed. All spacecraft responses to commands were
normal.

4. 1.5 Coast Phase I Including Canopus Acquisition

During star map, while performing a sun-locked roll maneuver with
the spacecraft in high power, DSS 61 lost receiver lock at a signal level




about 10 db above threshold. Star mapping was terminated by commanding
sun mode on to stop the roll and turning the transponder off. The problem
was apparently caused by the transponder dropping phase lock, resulting in
the shift to NBVCXO and loss of DSS lock, then reacquiring a command
sideband and causing an in and out of lock condition which resulted in an
intermittent signal at the DSS. This signal was steady in AFC mode
(transponder off). At 311:16:14:24, roll was resumed in one-way lock
(transponders off), Earth, Deneb, Canopus, and two other objects were
identified until automatic Canopus lockon was achieved. Two -way lock
(transponder on) was regained, the spacecraft was returned to low power
mode, and the spacecraft systems continued to operate normally.

4. 1.6 Midcourse Correction and Coast Phase II

The midcourse velocity correction was executed at 312:02:20:02. 1
for 10. 3 seconds after successful predmidcourse roll (+91. 8 degrees) and
yaw (+127. 4 degrees) maneuvers. The attitude rotations were initiated
at limit cycle nulls to further minimize pointing errors. Following success-
ful execution of the midcourse correction, the postmidcourse maneuvers
were performed in 2 nominal manner. Sun lockon was achieved at 312:02:31,
Canopus lockon was indicated at 312:02:35, and cruise mode on was com-
manded at 312:02:37: 39,

In addition to normal spacecraft operations in the second coast phase,
the alpha scattering instrument was operated successfully for calibration
purposes. Fourteen gyro drift checks were performed during transit to
provide accurate gyro rates for terminal operations planning. The gyro
drift rates provided prior to terminal descent were: roll (-0. 64 deg/hr),
pitch (0. 0 deg/hr), and yaw (+1. 40 deg/hr).

The retro engine temperature at retro ignition was predicted (52.55°F),
and a resulting engine burn time of 39. 60 seconds (from ignition to the 3500-

pound thrust level) was provided.

4. 1.7 Terminal Descent Phase

Terminal descent closely followed design and predicted performance.
An initial roll of +82. 0 degrees, followed by a yaw of +111. 8 degrees, and
then a final roll of +120. 5 degrees, aligned the retro engine thrust axis to the
desired direction. The three attitude maneuvers, as well as other preretro
ignition spacecraft operations (e. g., loading the proper altitude mark to
vernier ignition delay quantity — 5. 875 seconds, establishing the retro
sequence mode for ensuring that the desired automatic flight control sequences
would occur in response to the altitude radar mark, establishing the proper
vernier engine thrust level for the retro burning phase, turning on flight
control thrust phase power, etc.), were executed on schedule. Retro sep-
aration was smooth, vernier descent contour acquisition was obtained, and
vernier descent control was normal, Event times occurred at the proper
time (Table 4-1). The engines were turned off automatically by the 14-foot
mark, and a soft landing was verified from the retention of the communication
link and continued nominal spacecraft performance, and later by the touch-
down strain gage data.
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TABLE 4-1. SURVEYOR VI MISSION MILESTONES

Event

Launch

Separation — electrical disconnect™

Separation — mechanical*

A/SPP solar panel unlocked™

A/SPP solar panel locked in transit p081t1on

A/SPP roll axis locked in transit position™

Automatic sun acquisition complete*

Initial DSS acquisition (one-way) confirmed?*

Initial DSS acquisition (two-way lock)
confirmed*

First ground command sent to spacecraft

Canopus verification begins

Canopus lockon (automatic)*

First premidcourse (roll) maneuver
executed

Second premidcourse (yaw) maneuver
executed

Midcourse correction executed

Sun reacquired

Canopus reacquired

Transmitter high power on

1100 bps

Mode 5 on

Transponder off

Start roll maneuver

Start yaw maneuver

Start roll maneuver

Reset nominal thrust

Retro sequence delay

Retro sequence mode on

AMR power on

FC thrust phase power on

Enable AMR

Emergency AMR signal

AMR on (R1)*

AMR enabled (R11)%*

AMR mark (FC-64)%*

Vernier ignition (FC-28)%

Retro ignition (FC-29)%*

RADVS pyro switch (EP~33)%*

RADVS on (R-28)%*

RODVS (FC-34)%*

Inertial switch signal (FC-63)%*

Retro burn out (FC-30)*

GMT,
day:hr:min:sec

311:07:39:01.
311:08:04:24.
311:08:04:29.
311:08:04:31.
311:08:10:07.
311:08:14:07.
311:08:16
311:08:10:16
311:08:13:27

311:08:19:32.
311:15:42:33
311:16:28:30
312:02:02:59.

312:02:09:08.

312:02:20:02.
312:02:31:44

312:02:35:53

314:00:07:32.
314:00:08:20.
314:00:11:44.
314:00:16:58.
314:00:25:19.
314:00:29:38.
314:00:34:55.
314:00:40:59.
314:00:41:41.
314:00:52:04.
314:00:53:16.
314:00:54:16.
314:00:56:16.
314:00:57:56.
314:00:53:19.

314:00:56:19.

314:00:57:57.
314:00:58:02.

314:00:58:04.

314:00:58:04
314:00:58:05.
314:00:58:34.
314:00:58:43.
314:00:58:43.

BOOVOVVULTN— OO ON

604
600 =
038 £
938 +
038 %=

.396

798 =
098 =
397 =
637 £

OOOOOOOOOO

oo o
(%)}

05
.05

30
.05




Table 4-1 (continued)

GMT,
Event day:hr:min:sec
Start maximum thrust (FC-78)%* 314:00:58:53.297 £ 0.6
Retro eject signal (FC-31)% 314:00:58:55.637 £ 0.05
Retro ejected (V-4)* 314:00:58:55.942 + 0, 255
Start RADVS- controlled descent (FC-42) 314:00:58:57.737 £ 0.05
RORA (FC-33)* 314:00:58:59.297 £ 0.6
Segment acqusition* 314:00:59:21.276 + 0. 14
1000-foot mark (FC-37)%* 314:01:00:40.534 £+ 0.05
10-fps mark (FC-36)%* 314:01:00:57.634 + 0.05
14-foot mark (FC-38)% 314:01:01:04.133 £ 0.05
Touchdown* 314:01:01:05.467 = 0. 003
Selected Lunar Events
First 200-line picture 314:01:51
Initial sun acquisition (azimuth) 314:03:18
Initial earth acquisition 314:03:39
First 600~line picture 314:04:04
Alpha scattering turned on 314:05:38
A/SPP fine positioning (start) 314:12:01
Alpha scattering instrument deployed 314:12:07
Modulation interrupt sequence 314:20:42
Attitude jet firing experiment 315:03:22
Attitude jet firing experiment 315:03:46
Static firing 315:03:57
Alpha scattering instrument deployed 315:12:07
RF communication test 318:14:23
Telecommunication signal processing test 318:15:30
DSS antenna axial ratio test 320:10:00
Lunar translation 321:10:32:02
Combined RF and signal processing (start) 325:21:37
Combined RF and signal processing (end) 325:23:25
Optimum antenna pointing for lunar 326:00:28
surface operations
Lock landing gear 326:16:08
Day/night terminator (predict) 328:14:42
To standby 330:09: 34

ale
Ee

lTelemetry time at ground station.




. TABLE 4-2. PREDICTED VIEW PERIOD SUMMARY
GMT Time
Station Event November 1967 | Hour | Minute
DSS 51 Johannesburg 5° elevation rise 7 8 9
DSS 42 Tidbinbilla 5° elevation rise 7 8 34
DSS 72 Ascension 0° elevation rise 7 12 38
DSS 42 Tidbinbilla 5% elevation set 7 14 13
DSS 61 Madrid 5° elevation rise 7 14 31
DSS 11 Goldstone 5° elevation rise 7 21 51
DSS 51 Johannesburg| 90° hour angle set 7 22 23
DSS 61 Madrid 5° elevation set 7 22 43
DSS 72 Ascension 0° elevation set 8 1 29
DSS 42 Tinbinbilla 5° elevation rise 8 2 13
DSS 11 Goldstone 5° elevation set 8 6 51
DSS 51 Johannesburg 270° hour angle rise 8 10 56
DSS 61 Madrid 5° elevation rise 8 14 43
DSS 42 Tinbinbilla 5° elevation set 8 15 8
DSS 11 Goldstone 5° elevation rise 8 22 1
DSS 51 Johannesburg| 90° hour angle set 8 22 54
DSS 61 Madrid 5° elevation set 8 23 29
DSS 42 Tinbinbilla 5° elevation rise 9 2 37
DSS 11 Goldstone © elevation set 9 7 19
DSS 51 Johannesburg 270° hour angle rise 9 11 8
DSS 61 Madrid © elevation rise 9 14 45
DSS 42 Tinbinbilla © elevation set 9 15 16
DSS 11 Goldstone 5° elevation rise 9 22 3
DSS 51 Johannesburg 90° hour angle set 9 23 2
DSS 61 Madrid 5° elevation set 9 23 42
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TABLE 4.3 SURVEYOR VI COMMAND SEQUENCE

Command GMT, Telemetry
Number Description hr:min:sec Mode Bit Rate
Day 311 — DSS-51

0107 Xmtr Hi Volt Off 08:19:32. 7 5 550
0110 Xmtr Fil Pwr Off 19:40.5

0130 Xfer Sw B Lo Pwr 19:41.0

0236 A/D Iso Amp Off 22:40.0

0316 SP Deploy Logic Off 22:40.5

0126 Xfer Sw A Lo Pwr 22:41.0

0402 Step SP Minus (x10) 23:20.0

0401 Step SP Plus (x5) 23:26.0

0405 Step Roll Axis Plus (x10) 24:28.0

0406 Step Roll Axis Minus (x5) 24:34.0

0510 AESP Off 25:23.5

0226 Mode 1 25:31.0 1
0237 Low Mod SCOs Off 25:32.0

0216 7.35 ke SCO On 25:32.5

0205 1100 bps 25:33.0 1100
0231 Mode 4 30:27.0 4
0227 Mode 2 33:18.0 2
0232 ESP Off 36:43.5

0507 Mode 6 36:51.0 6
0506 Mode 5 38:35.3 5
0510 AESP Off 12:14:39.3

0231 Mode 4 14:46.3 4
0227 Mode 2 20:29.7 2
0226 Mode 1 25:01.7 1
0232 ESP Off 28:11.7

0506 Mode 5 28:12.3 5

Day 311 — DSS-61

0510 AESP Off 15:30:00.1

0231 Mode 4 30:00.6 4
0227 Mode 2 36:07. 1 2
0226 Mode 1 39:24.5 1
0105 Xmtr B Fil Pwr On 42:35.6

0127 Xfer Sw B Hi Pwr 44:20.5

0106 Xmtr Hi Volt On 44:20.6

0220 7.35 kc SCO Off 44:57. 8

0217 33 kc SCO On 44:57.9

0206 4400 bps 44:58.9 4400
0704 Cruise Mode 45:51.9

0715 Man Delay Mode 45:52.9

0710 Pos Angle Maneuver 45:53.9

0120 Select Omni A 46:31.3
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Table 4.3 (continued)
Command GMT, ‘Telemetry
Number Description hr:min:sec Mode Bit Rate
0714 Sun and Roll 15:50:21.9 1 4400
0121 Select Omni B 56:39. 7
0702 Sun Acq Mode 58:44.0
0124 Xponder Pwr Off 16:04:38. 6
0231 Mode 4 06:51.5 4
0226 Mode 1 12:12.0 1
0704 Cruise Mode 13:00.9
0715 Man Delay Mode 13:01.9
0710 Pos Angle Maneuver 13:02.9
0714 Sun and Roll 14:22.3
0703 Sun-Star Acq Mode On 25:27. 6
0704 Cruise Mode 29:12.0
0232 ESP Off 30:04.6
0506 Mode 5 30:10.6 5
0123 Xponder B Pwr On 32:07.4
0205 1100 bps 36:16.4 1100
0220 Hi Data Rate SCOs Off 36:17.4
0216 7.35 ke SCO On 36:18.4
0107 Xmtr Hi Volt Off 37:15.6
0110 Xmtr Fil Pwr Off 37:27.8
0130 Xfer Sw B Lo Pwr 37:28.8
0700 Inertial Mode 43:04.9
0306 SP Sw On, Bypass Off 52:57.5
0307 Bypass On, SP Sw Off 57:42.0
Day 311 — DSS-51
0704 Cruise Mode 18:04:10.6
0700 Inertial Mode 18:21.5
0306 Sp Sw On, Bypass Off 19:31.6
0306 Sp Sw On, Bypass Off 19:20:46. 4
0704 Cruise Mode 22:31.9
0700 Inertial Mode 24:24.9
0306 SPSw On, Bypass Off 20:23:32.2
0704 Cruise Mode 38:57.6
0700 Inertial Mode 44:52.5
0306 SPSw On, Bypass Off 22:00:29.0
0704 Cruise Mode 03:03.0
Day 311 — DSS-11
0510 AESP Off 22:16:17.6
0231 Mode 4 16:23.6 4
0504 137.5 bps 19:54. 8 137.5
0204 Coast Phase Clock Rates 20:00.9
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Table 4.3 (continued)
Command GMT, Telemetry
Number Description hr:min:sec Mode Bit Rate
0205 1100 bps 22:23:32.3 4 1100
0227 Mode 2 25:33.9 2
0226 Mode 1 29:01.3 1
0232 ESP Off 32:02.8
0506 Mode 5 32:09.0 5
0306 SPSw On, Bypass Off 48:04.4
Day 312 — DSS-11

0510 AESP Off 00:12:01.0 1100
0231 Mode 4 12:14.7 4
0227 Mode 2 14:26.2 2
0226 Mode 1 16:24.4 1
0232 ESP Off 18:36.7
0506 Mode 5 18:43.7 5
0220 33, 7.35, 3.9 k¢ SCOs Off 24:42.6
0221 Gyro Spd Sig Pro On 24:46. 1
0222 Next Gyro 26:40.2
0222 Next Gyro 28:10.1
0222 Next Gyro 29:57.6
0223 Gyro Spd Sig Pro Off 31:34. 7
0216 7.35 ke SCO On 31:45.1
0510 AESP Off 01:36:51.8
0231 Mode 4 36:58.2 4
0227 Mode 2 39:20.7 2
0226 Mode 1 42:48.6 1
0105 Xmtr B Fil Pwr On 49:27. 2
0127 Xfer Sw B Hi Pwr 51:18.6
0106 Xmtr Hi Volt On 51:19.1
0220 37, 7.35, 3.9kc SCOs Off 52:04. 2
0217 33 kc SCO On 52:04.7
0206 4400 bps 52:05.2 4400
0704 Cruise Mode 56:47.7 :
0710 Pos Angle Maneuver 56:51.7
3617 Interlock 57:00. 2

M1lé6l4 Magnitude (460 BCD) 57:00.7

(+91. 8 degrees)

0714 Sun and Roll 02:02:59.5
3617 Interlock 07:03.7

M2335 Magnitude (637 BCD) 07:04.2

(+127.4 degrees)

0713 Yaw 09:08.0
0521 Prop S-Gage Pwr On 14:14.0 4400
0700 Inertial Mode 14:14.5
0720 Reset — Set IV Outputs 14:28.0
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Table 4.3 (continued)
Command GMT, .Telemetry
Number Description hr:min:sec Mode Bit Rate
0604 AMR Htr Off 02:15:56.7 1 4400
0613 V12 FT2 Ther Pwr Off 15:57.2
0616 VL1 OT2 Ther Pwr Off 15:57. 7
0621 VL3 OT3 Ther Pwr Off 15:57.9
3617 Interlock 15:58.5
0605 Unlk Roll Act, Press 15:58.9
VPS
0727 FC T-¢ Pwr On 17:16.7
3617 Interlock 17:41.9
MO0307 Magnitude (103 BCD) 17:42.4
3617 Interlock 20:01.6
0721 Vernier Ignition 20:02.1
0735 Emer Vernier Eng Off 20:15.1
0735 Emer Vernier Eng Off 20:16.6
0737 FC T-9 Pwr Off 20:42.0
0737 FC T-¢ Pwr Off 20:44.0
0522 Prop S-Gage Pwr Off 20:11.1
0516 TD S-Gage Pwr Off 20:14.6
0232 ESP Off 22:12.5
0506 Mode 5 22:17.9 5
0611 VL2 Ther Pwr On 23:20.1
0614 VL1 Ther Pwr On 23:20.6
0617 VL3 Ther Pwr On 23:21.6
0624 AMR Htr On 23:22.1
03617 Interlock 24:53.1
M 2335 Magnitude (637 BCD) 24:53. 6
(-127.4 degrees)
0713 Yaw 26:06.5
0702 Sun Acq. Mode On 31:44.0
3617 Interlock 32:08.9
M1614 Magnitude (460 BCD) 32:09.4
(-91.8 degrees)
0714 Sun and Roll 32:56.9
0704 Cruise Mode 37:38.8
0510 AESP Off 38:17.0
0227 Mode 2 38:23.5 2
0231 Mode 4 42:06.9 4
0232 ESP Off 45:01. 8
0506 Mode 5 45:09. 8 5
0205 1100 bps 46:07.9 1100
0220 Hi Data Rate SCOs Off 46:08.3
0216 7.35 ke SCO On 46:08.8
0107 Xmtr Hi Volt Off 47:07. 8
0110 Xmtr Fil Pwr Off 47:08.3
0130 Xfer Sw B Lo Pwr 47:08. 8
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Table 4.3 (continued)
Command GMT, Telemetry
Number Description hr:min: sec Mode Bit Rate

0515 TD S-Gage Pwr On 03:12:28.0 5 1100
0517 TD S-Gage Data Chan On 12:42.4
0520 TD S-Gage Data Chan Off 28:20.0
0516 TD S-Gage Pwr Off 28:26.2
0522 Prop S-Gage Pwr Off 28:34.6

Day 312 — DSS-42
0510 AESP Off 04:22:41.3
0231 Mode 4 22:46.3 4
0227 Mode 2 28:50.3 2
0226 Mode 1 33:38.8 1
0232 ESP Off 36:12. 8
0506 Mode 5 » 36:18.8 5
0700 Inertial Mode 37:42.8
0704 Cruise Mode 05:42:51.0
0702 Sun Acq Mode On 08:32:26.5
0510 AESP Off 12:25: 23.8
0231 Mode 4 25:27. 8 4
0227 Mode 2 29:15.8 2
0226 Mode 1 32:00.5 1
0232 ESP Off 36:27.5
0506 Mode 5 36:32.5 5
0704 Cruise Mode 46: 28.8

Day 312 — DSS-51
0700 Inertial Mode 16:18:39.3
0510 AESP Off 17:14:55.1
0231 Mode 4 15:02.1 4
0227 Mode 2 23:32.7 2
0226 Mode 1 27:46.6 1
0232 ESP:Off 32:14.1
0506 Mode 5 32:21.6 5
0704 Cruise Mode 53:41.0
0702 Sun Acq Mode On 18:59:38.9

Day 312 — DSS-61
0510 AESP Off 21:16:38.6
0231 Mode 4 16:43.6 4
0227 Mode 2 19:55.7 2
0232 ESP Off 24:49.2
0506 Mode 5 24:55.2 5
0510 AESP Off 37:09.1
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Table 4.3 (continued)

Command . GMT, Telemetry

Number Description hr:min:sec Mode Bit Rate
0226 Mode 1 21:37:13.6 1 1100
0232 ESP Off 41:59.7
0506 Mode 5 42:03.7 5
0704 Cruise Mode 42:27.6

Day 312 — DSS-11
0700 Inertial Mode 22:45:01.3

Day 313 —- DSS-11
0704 Cruise Mode 00:11:17.9
0700 Inertial Mode 01:11:24.9
0510 AESP Off 50:32.7
0231 Mode 4 50:39. 6 4
0227 Mode 2 53:03.3 2
0226 Mode 1 54:48.4 1
0232 ESP Off 57:32.4
0506 Mode 5 57:39.6 5
0704 Cruise Mode 02:25:36.5
0700 Inertial Mode 03:29:51.6
0704 Cruise Mode 04:48:09.4

Day 313 — DSS-42
0510 AESP Off 06:13:59.6
0231 Mode 4 14:04.6 4
0227 Mode 2 19:51.5 2
0226 Mode 1 23:06.3 1
0232 ESP Off 25:02.5
0506 Mode 5 25:07.5 5
0700 Inertial Mode 25:57.1
0704 Cruise Mode 07:38:32.2
0700 Inertial Mode 09:04:07.7
0704 Cruise Mode 10:42:28.3
0510 AESP Off 46:46.3
0231 Mode 4 46:51. 8 4
0227 Mode 2 50:35. 8 2
0226 Mode 1 53:25.0 |
0232 ESP Off 57:47.3
0506 Mode 5 57:52. 8 5
0702 Sun Acq Mode On 11:01:22.1
0411 Comp A Htr Pwr On 03:55.9
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Table 4.3 (continued)

Command . GMT, Telemetry

Number Description hr:min:sec Mode Bit Rate
Day 313 — DSS-51

0510 AESP Off 13:52:56:2 1100

0231 Mode 4 53:03.7 4

0227 Mode 2 56:55. 4 2

0226 Mode 1 14:00:00. 6 1

0232 ESP Off 02:33.1

0506 Mode 5 02:41.6 5

0612 FT2 Ther Pwr On 53:17.0

0615 OT2 Ther Pwr On 53:22.0

0620 OT3 Ther Pwr On 53:28.0

0704 Cruise Mode 15:26:55.4

0510 AESP Off 17:58:16.4

0231 Mode 4 58:24.4 4

0227 Mode 2 18:01:51.9 2

0226 Mode 1 04:59.9 1

0232 ESP Off 07:06.9

0506 Mode 5 07:14.9 5

0503 550 bps 08:43.3 550

0204 Coast Phase Clk Rates 08:52.3

0220 33, 7.35, 3.9 kc SCOs Off 08:55.9

0215 3.9 kc SCO On 09:03.8

1136 Sur Camera ETC On 19:55:38.5

0136 Comp C Temp Cont On 20:25:07.4

0510 AESP Off 37:13.9

0231 Mode 4 37:21.9 4

0232 ESP Off 43:09.9

0506 Mode 5 43:17.9 5

0510 AESP Off 21:35:39.0

0231 Mode 4 35:56.0 4

0227 Mode 2 50:09.0 2

0226 Mode 1 53:04.0 1

0232 ESP Off 58:28.0

0506 Mode 5 58:35.0 5
Day 313 — DSS-11

3503 Alpha Scat Htr Pwr On 22:27:26. 7

0510 AESP Off 39:25.2

0231 Mode 4 39:32.7 4

0227 Mode 2 42:10.1 2

0226 Mode 1 46:04.4 i

0232 ESP Off 48:51.6

0506 Mode 5 ’ 49:00, 1 5

0220 33, 7.35, 3.9kc SCOs Off 51:23.1
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Table 4.3 (continued)

Command : GMT, Telemetry
Number Description hr:min:sec Mode Bit Rate
0221 Gyro Spd Sig Pro On 22:51:28. 6 5 550
0222 Next Gyro 52:32.1
0222 Next Gyro 53:15.1
0222 Next Gyro 53:53.1
0223 Gyro Spd Sig Pro Off 54:40. 1
0215 3.9 kc SCO On 54:50. 6
0124 Xpdr Pwr Off 56:43.1
0123 Xpdr B Pwr On 58:04. 1
0413 Comp A Htr Pwr Off 23:13:13.5
0507 Mode 6 52:11.3 6
0510 AESP Off 54:59. 8
0231 Mode 4 55:07.3 4

Day 314 — DSS-11
0105 Xmtr B Fil Pwr On 00:05:51.7
0127 Xfer Sw B Hi Pwr 07:31.7
0106 Xmtr Hi Volt On 07:32.2
0220 33, 7.35, 3.9 kc SCOs Off 08:19.0
0216 7.35 ke SCO On 08:19.5
0205 1100 bps 08:20.0 1100
0214 Sum Amps Off 09:03.8
0211 Phase Sum Amp B On 09:04.3
0227 Mode 2 09:21.2 2
0232 ESP Off 11:36.2
0506 Mode 5 11:11.2 5
0521 Prop S-Gage Pwr On 14:34.2
0515 TD S-Gage Pwr On 15:00. 6
0517 TD S-Gage D-Ch On 15:01.1
1133 Sur Camera VTC On 15:41.6
0124 Xpdr Pwr Off 16:58. 6
0704 Cruise Mode 18:38.1
0710 Pos Angle Maneuver 18:38.6
3617 Interlock 18:39.1
M1431 Magnitude (409 BCD) 18:39.6
(+82.0 degrees)
0714 Sun and Roll 25:19.8
3617 Interlock 28:30.1
M2l117 Magnitude (559 BCD) 28:30.6
(+111.8 degrees)
0713 Yaw 29:38.1
3617 Interlock 33:58.5
M2233 Magnitude (603 BCD) 33:59.0
(+120.5 degrees)
0711 Roll 34:55.8




Table 4.3 (continued)

Command GMT, Telemetry

Number Description hr:min:sec Mode Bit Rate
0207 Pre Sum Amp On 00:40:02. 5 5 1100
0723 Reset Nom Thr Bias 40:59.5
3617 Interlock 41:41.0

M0326 RetroSeqDelay (118 BCD) 41:41.5

(5.875 seconds)

0507 Mode 6 48:57.5 6
0720 Reset Set IV Outputs 50:30.0
0720 Reset Set IV Outputs 51:31.9
3617 Interlock 52:04.4
0724 Retro Seq Mode On 52:04.9
0613 VL2 FT2 Ther Pwr Off 52:27.0
0616 VL! OT2 Ther Pwr Off 52:27.5
0621 VL3 OT3 Ther Pwr Off 52:28.0
1134 Sur Camera VTC Off 52:28.5
1137 Sur Camera ETC Off 52:29.0
0604 AMR Htr Off 52:29.5
0135 Comp C Temp Cont Off 52:30.0
3504 Aplha Scat Htr Off 52:30.5
0625 AMR Pwr On 53:16.9
0727 FC T-¢ Pwr On 54:16.9
0626 Enable AMR 56:16.9
0730 Emer AMR Signal 57:56. 4
0730 Emer AMR Signal 57:56.9
0730 Emer AMR Signal 57:57.4
0737 FC T-9 Pwr Off 01:01:37.9
0737 FC T-9 Pwr Off 01:39.4
3617 Interlock 02:00. 6
0630 RADVS Pwr Off 02:01.1
3617 Interlock 02:01.6
0630 RADVS Pwr Off 02:02.1
3617 Interlock 02:02. 6
0311 All FC Pwr Off 02:03.1
3617 Interlock 02:03.6
0311 All FC Pwr Off 02:04.6
0506 Mode 5 02:45.0
0510 AESP Off 04:46. 2
0227 Mode 2 05:07.4 2
0516 TD S-Gage Pwr Off 06:10.4
0520 TD S-Gage Data Chan Off 06:20.9
0522 Prop S-Gage Pwr Off 06:25.4
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TABLE 4-4. SURVEYOR VI LIFTOFF AND BOOST EVENTS
Actual Time, Actual Time |Nominal Time| Nominal Time
Mark GMT, Day 311 From Launch, | From Launch, | From Separation,
Number Event hr:min:sec seconds seconds seconds
Liftoff (2-inch motion) 07:39:01.075 0 0
1 Atlas boost engine cutoff (BECO) | 07:41:34.475 153,42 153.5
2 Atlas boost engine jettison 07:41:37. 805 156.73 156. 6
3 Centaur insulation panel 07:42:19.405 198.33 198.5
jettison
4 Centaur nose fairing jettison 07:42:49. 635 228.56 228.5
5 Atlas SECO and VECO 07:43:06. 625 245.55 248.5
6 Atlas/Centaur separation 07:43:09.305 248.23 250.2
7 Centaur main engine start (1) 07:43:19.795 258.72 259.7
8 Centaur main engine cutoff (1) 07:48:42.095 581.02 579.6
- Centaur burn duration (1) - (322.3) (319.9)
9 100-pound thrust on 07:48:44. 295 583.22 579.6
10 100 -pound thrust off 655. 6
11 6-pound thrust on 07:49:58. 895 657. 82 655.6
12 100 -pound thrust on 08:00:56.995 1315.92 1313.0 -216.0
13 Centaur main engine start 1353.0 -176.0
(2)yCcz2
14 Centaur main engine start 08:01:34.995 1353.92 1353.0 -176.0
(2) Cl1
15 Centaur main engine cutoff (2) 08:03:29. 745 1468.67 1465.9 - 63.1
- Centaur burn duration (2) - (114.75) (112.9) -
16 Extend landing gear command 08:03:48. 995 1487.92 1487.0 - 42.0
- Legs down (telemetry)
17 Unlock omnidirectional 08:03:59.495 1498.42 1497.5 - 31.5
antenna command
- Omnidirectional antennas -
extended (telemetry)
18 Surveyor high power trans- 08:04:19.995 1518.92 1518.0 - 11.0
mitter on
- High power on (telemetry) -
19 Centaur/Surveyor electrical 08:04:25. 095 1524.02 1523.5 - 5.5
disconnect
- Vehicle electrical separation 08:04:24:626
(telemetry)
20 Spacecraft separation 08:04:29. 995 1528.92 1529.0 0
21 Begin Centaur turn around 08:04:33.395 1532.32 1534.0 5.0
maneuver
22 Start Centaur lateral thrust - - 1574.0 45.0
23 End Centaur lateral thrust - - 1594.0 65.0
24 Start Centaur tank blowdown 08:08:29. 995 1768.92 1769.0 240.0
25 End Centaur tank blowdown 08:12:40.195 2019.12 2019.0 490.0
26 Power changeover switch 08:14:20.095 2119.02 2119.0 590.0
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Strain gage data indicated that touchdown occurred at approximately
314:01:01:05. 467 GMT, with leg 1 touching the surface first, followed by
legs 2 and 3, in that order. The peak loads experienced by legs 1, 2, and 3
were approximately 1590, 1810, and 1590 pounds, respectively. These
levels are indicative of a landing velocity of approximately 11.5 fps on a
surface with a 5-psi static bearing strength and a slope of approximately
0.8 degree.

4. 1.8 Initial Lunar Operation

After the initial engineering assessment, a 200-line television survey
was conducted. The first 200-line picture was obtained at 314:01:51. The
first command of the initial sun/earth acquisition was sent at 314:02:55:26.
Thereafter, the sun was acquired in azimuth at 314:03:18:55, and earth
acquisition with the planar array was completed at 314:03:39:42. The space-
craft was then configured for 600-line television, the first such picture being
received at 314:04:04.

The primary method of Surveyor VI attitude determination on the
lunar surface was based on sun and earth position data obtained via the
A/SPP. Attitude determination before and after the lunar translation at
321:10:01, 741 is presented in Figure 4-3.

4.2 RELIABILITY ANALYSIS

4. 2.1 Surveyor VI Reliability Estimates

4.2. 1.1 System and Subsystem Reliability

The final reliability point estimate for Surveyor VI is 0, 75. This
estimate is based upon Surveyor VI flight and systems test data and applicable
Surveyor I through V system test and flight experience. Final reliability
point estimates for each subsystem are given in Table 4-5.

TABLE 4-5. SUBSYSTEM FINAL RELIABILITY POINT ESTIMATES

Reliability
Subsystem Estimates
Telecommunications 0.991
Vehicle and mechanisms 0. 880
Propulsion 0. 927
Electrical power 0.0988
Flight control 0. 940
Spacecraft 0. 751
' Systems interaction reliabilityfactor 1.0
Spacecraft reliability (0. 751)(1.0) = 0,75
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Figure 4-3. Spacecraft Attitude
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4.2.1.2 Summary of Data Base for Surveyor VI Reliability Estimates

The primary source of data for reliability estimates is the operating
time and cycles experienced by Surveyor VI units during systems tests and
flight and the accumulated reliability relevant failure data provided by TFRs.
Data from Surveyor I through V test and flight experience are included
where there are no significant design differences between the units. A failure
is considered relevant if it affects equipment reliability and could occur during
a mission. Relevance of failures is based upon a joint reliability-systems
engineering decision. In addition, relevant failures are weighted as follows:

1. 0 Critical — Would normally cause a safety hazard, mission abort,
or failure of mission objective.

0. 6 Major — Would significantly degrade system performance but
not cause mission abort or failure. -

0.1 — Would not significantly affect ability of system to
function as designed.

A data base for Surveyor VI reliability estimates is summarized in
Table 4-6.

4.2.1.3 Time/Cycle/Reliability History for Surveyors I Through'V

Table 4-7 presents a history of time/cycle/reliability data for each
major control item for Surveyors I through V.

4.2.2 Future Reliability Predictions

Table 4-8 presents results of a special analysis on the trend direction
of Surveyor VI reliability. In the development of the data base used in esti-
mating reliability, normal Surveyor practice is to retain applicable data from
all prior spacecraft in a pooled data base which is used for estimating relia-
bility of subsequent spacecraft. The advantage of this technique is that it
strengthens the statistical inference by increasing the sample (data base) size.
However, because a spacecraft begins systems level testing before all prior
spacecraft have completed their missions, operating time and failure exper-
ience of prior spacecraft has a definite effect upon the trend direction of the
latter spacecraft. This is not inaccurate, since only applicable data are
pooled; hence, each estimate is a reflection of the total experience of similar
units. Nonetheless, it does not provide a ready answer to the question of the
extent to which Surveyor VI experience directly affected the trend direction of
the reliability estimates for the spacecraft. '

In response to this question, a special analysis of Surveyor VI relia-
bility was conducted as follows:
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TABLE 4-6.

RELIABILITY ESTIMATES

SUMMARY OF DATA BASE FOR SURVEYOR VI

Total
Weighted Test Time,
Revelant hours or
Units Failures cycles Reliability
Receiver-decoder select 0 9,849.0 1.0
Central decoder 0.6 9,848.0 0.995
Subsystem decoder 0 49,245.0 1.0
Engineering signal processor 0. 2,980.0 0.998
Auxiliary engineering signal 2.5 4,268. 6 0.964
processor
Signal processing auxiliary 0 945, 0 1.0
Central signal processor 0.7 8,908.6 0.993
Low data rate auxiliary 1.0 2,629. 1 0.998
Omnidirectional antenna 0 5,707.2 1.
Omnidirectional mechanisms 0 872 cycles 1.
Diplexer 0 17,442.7 1.
Transmitter 2.7 7,309.3 0. 969
Low pass filter 0 18,374.0 1.0
Telemetry buffer amplifier 0 16, 654.5 1.0
Receiver 0.2 18,849.1 0. 999
Transponder 0 2,822.5 1.
RF transfer switch 0 7,309.3 1.
SPDT switch 0 7,309.3 1.
Thermal sensors 0.3 230,232.8 0.994
. Passive controls 0 4,204. 7 1.0
Thermal control and heater 0.6 4,813.5 0.979
assembly
Thermal switch 0.1 22,687.5 0.994
Thermal shell 0 8,409. 4 1.0
Space frame 0 24 mission cycles 1.0
Landing gear structure 0 181 mission cycles 1.0




Table 4-6 (continued)
Total
Weighted Test Time,
Revelant hours or
Units Failures cycles Reliability

Compartment A thermal tray 24 mission cycles 1.0
Compartment B thermal tray 24 mission cycles 1.0
Wiring harness

Wiringharness separation 0 1,596.9 1.0

squibs

Wiringharness compart- 1.0 3,912.9 0.978

ment A

Wiring harness compart- 0 7,579. 8 1.0

ment B

Wiring harness basic bus 1 1.0 10, 117. 0 0.992

Wiringharness basic bus 2 1.0 10, 117. 0 0.992

Wiring harness A/SPP 1. 4 2,220.8 0. 948

Wiringharness RF cabling 0 9,847.9 1,

Wiringharness retromotor| 0 1,072. 4 1.
Retro-rocket release 0 587 cycles 1.0
Engineering mechanism 0.2 9,134.2 0.998
auxiliary
Antenna/solar panel
positioner*

Roll 0 237,760 cycles 1.0

Solar 0.2 190, 044 cycles 0. 999

SS and A device* 0 269 actuations 1.
Retro rocket system 0 18 mission cycles 1.
Solar panel 0 565, 7 1.
‘Battery charge regulator 0 2,738.5 1.
Boost regulator 1. 4 10,251. 7 0.988
Main power switch 0 9,130, 2 1.0
Main battery 0 5,080.1 1.0
Flight control sensor 2.1 4,737.3 0.963
group
Altitude marking radar 0.2 166. 2 0. 999
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Table 4-6 (continued)

Total
Weighted Test Time,
Revelant hours or
Units Failures cycles Reliability
RADVS
SDC 3.3 557.0 0.994
KPSM 2,8 554. 8 0. 995
AVSA 2.6 554. 8 0.995
VSA 2.2 556. 8 0.996
Waveguide 0 535. 4 1.0
Roll actuator 0 222. 4 1.0
Attitude jet system 0.2 611,556 cycles 0.998
Pin puller* 0 16,131 cycles 1.0
Pin puller cartridge™ 0 16, 131 equivalent 1.0
firings
Helium tank and valves 1.1 38 mission cycles 0.971
assembly™
Propellant tank assembly™
Fuel tank 70 mission cycles .0
Oxidizer tank .6 88 mission cycles 0.993
Lines and fittings 102 mission cycles 0.999
Thrust chamber assembly
(TPL-supplied)
Propellant shutoff valve 7,971 cycles 1.0
Throttle valve 704 mission cycles 0.997
Thrust chamber and 266 cycles 0.996
injector assembly
Helium release valves™ 18 firings 1.
Valve cartridge™ 16,066 equivalent 1.
firings
Shock absorber* 406 cycles 1.
Crushable structure™ 76 cycles 1.
System™™ 1,063.5 1.

£

‘Includes unit flight acceptance and type approval test data.

ek

"‘Based on main power switch operating time in system test.
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TABLE 4-8. RELATIVE SUBSYSTEM RELIABILITY FOR SURVEYOR VI —
INITIAL ESTIMATE VERSUS FINAL ESTIMATE

Subsystem Initial Final R?oti;)ni)tfi;inal
Telecommunications 0. 990 0.991 1. 001
Vehicle and mechanisms 0. 897 0.888 0. 891
Propulsion 0.924 0.927 1. 003
Electrical power 0. 988 0. 988 1.0
Flight control 0.935 0. 940 1. 005
Systems interaction 1.0 1.0 1.0
factor
Spacecraft 0,758 0.751 0.991

1) All poolable data from Surveyor I through the end of the Surveyor
V mission were collected and totaled. This provided a constant
data base upon which Surveyor VI experience could be super-
imposed. Since Surveyor V (and earlier) data are constant
throughout, the resulting trend direction is a function of Surveyor
VI experience only.

2) The data base used in the initial Surveyor VI estimate was then
examined, and only the Surveyor VI operating time and failure
experience was extracted. These data were then combined with
the constant data developed in item 1 above to produce a new
initial Surveyor VI reliability estimate.

3) The new initial estimate was then compared with the final
Surveyor VI reliability estimate to produce the reliability trend
of Surveyor VI as a single variable function of the spacecraft's
performance. It is to be noted that the final estimate, computed
either way, must, of necessity, converge to the same value.

As shown in Table 4-9, the trend of Surveyor VI reliability was
slightly downward. This drop is a result of three failures within the vehicle
mechanisms subsystem: two failures to the wire harness antenna/solar
panel positioner and one failure to the A/SPP itself.

TFR 85664 reported a cut in cable insulation. The cause was traced
to excessive epoxy potting in a connector that was in contact with the cable.
The epoxy had subsequently damaged the insulation. Repair was effected by
removing the excessive epoxy and applying a shrink sleeve patch to the cable
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TABLE 4-9. SURVEYOR SPACECRAFT RELIABILITY GROWTH

Subsystem I -2 II1 4 A VI | SC-7
Telecommunications 0.92510.944{0.965]0.929(0.9870.991/0.991
Vehicle and mechanism | 0. 816 |0.868 | 0. 907 | 0. 854 | 0. 853 | 0. 880 0. 880
Propulsion 0.99110.991|0.968}0.947|0.934(0.927|0.927
Electrical power 0.870 §0.958 | 0.935 [ 0.954}0.985 0,988 |[0.975
Flight control 0.953 10.889 [0.971{0.931(0.945 [0.940 |0. 928
Systems interaction 1.0, 737 10.950 |1 0.967 [0.978}10.986 1.0 0. 897
factor
Spacecraft 0.457 | 0.658 | 0,745 {0.653]0.723|0.751{0. 656

insulation. The basic cause of the problem was poor workmanship; corrective
action implemented includes closer inspection. No corrective engineering
action was necessary.

TFR 85664 reported the failure of a connector pin to pass pin retention
testing. Such test failures have been a recurring problem on all harnesses.
The requirement for all connector s to pass pin retention test prior to final
mating significantly reduces the probability of this failure occurring during
the mission.

TFR 85692 reported an intermittent output from the solar drive position
potentiometer. The intermittency existed only in the launch position. The
tendency of position potentiometers to produce short-term intermittent signals
has been a recurring problem. The cause of this situation has been traced to
the accumulation of lubrication in a localized area of the pot windings such
that the wiper arm rides up on the lubricant, producing the intermittent sig-
nal. Past experience has shown that these accumulations are localized, and
that they disappear after repeated operation of the pot. As a result, no cor-
rective action is required.

The Surveyor spacecraft realized a steady reliability growth through
Surveyor III, dipped for Surveyor 4, -resumed the upward direction for
Surveyors V and VI, and has dipped significantly again for SC-7. This
can readily be seen from Table 4-9 which presents reliability figures for
Surveyor I through SC-7. Principal causq of the drop in SC-7 reliability
figures is reported in TFR 87191. During preparation for solar thermal
vacuum phase A, application of gyro pre-heat power produced a full-scale
reading on the ammeter monitoring gyro pre-heat current. Power was
immediately turned off. Extensive troubleshooting and analysis of both the
spacecraft and the STEA failed to uncover the source of the problem. All
efforts to duplicate the problem failed, The flight controls were subsequently
removed for electronic conversion unit repairs and successfully passed all
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flight acceptance testing. The TFR was closed as cause unknown, relia-
bility revelant,and with a failure weighting of 1. 0. The cause unknown nature
of the failure requires that the failure be considered as part of the systems
interaction reliability factor which has a very direct impact upon reliability
numerics. SC-7 reliability without the systems interaction factor is 0. 732,

4.2.2.1 SC-7 Reliability

Estimated reliability for SC-7 at launch for a 66-hour flight and landing
mission is 0. 66. This projected estimate is based upon SC-7 systems test
data and applicable Surveyor I through VI test and flight experience.

4.2.2.2 Reliability Estimate Basis

Reliability estimates are based on equipment failure data and operating
time and cycle data generated during spacecraft mission and systems testing,
which are combined in accordance with Hughes '""Reliability Math Model
Surveyor Spacecraft A-21," SSD 64002-3R, 1 May 1967. The model describes
the spacecraft system in terms of block diagrams, mission profile, time/cycle
data, and probabilistic equations appropriate to the functional interaction of
all spacecraft units. For convenience, the spacecraft is referred to at three
basic levels: systems, set, and control item or unit. Reliability is defined
as follows:

Reliability of the A-21 Surveyor spacecraft for the flight and
landing phase is the probability that the spacecraft equipment
will operate successfully as required from launch through soft
landing. Successful soft landing is assumed if two-way com-
munications is established and there is no apparent damage

to spacecraft equipment required to support intended lunar
operations.

In the derivation of the model, the following general assumptions were
made:

1) No human error will occur during the mission which will cause
failure,

2) All equipment inspection and test procedures are perfect and
comprehensive, and all equipment will be used only in applications
within the boundaries of its design parameters.

3) Every performance characteristic is verified up to the instant of
no return in launch operations, and the launch will be aborted if
fault exists.

4) All parts and designs are used in applications proven by test.

5) All scheduled changes to improve reliability of performance have
been physically incorporated and tested prior to launch.

6) Natural hazards, such as meteorites and deep lunar dust, are
nonexistent. ~
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5.0 PERFORMANCE ANALYSIS

5.1 THERMAL CONTROL SUBSYSTEM

5.1.1 INTRODUCTION: SURVEYOR THERMAL CONTROL TECHNIQUES

The Surveyor thermal design utilizes a variety of temperature con-
trol techniques. Active, passive, and semiactive mechanisms are employed
to provide the required temperature control (storage, operational, and/or
survival) throughout the transit and lunar phases of the mission. Each
spacecraft subsystem is individually controlled, and the thermal coupling
between subsystems is minimized by using conduction and radiation isolation
wherever advantageous. Subsystem analyses are accomplished by evaluating
in detail the thermal environment for each subsystem, with consideration
being given to all significant thermal interactions between the subsystems
whenever a high degree of isolation is not possible.

The following temperature control techniques are usedon the Surveyor
gspacecraft:

1) Passive thermal control utilizing combinations of paints and
metal processes to provide surfaces with solar absorptance and
infrared emittance characteristics to produce the required sub-
system temperatures. Solar energy reflections are used to
provide energy in cases where insufficient direct solar illumina-
tion exists.

2) Active thermal control systems utilizing heaters and radiation
shields provide energy in cases where:

a) Sufficient solar illumination is not available

b) The unit's storage temperature is significantly different
from its optimum operational temperature

3) Subsystems having large heat capacities are thermally decoupled
from the transit and lunar environments by utilizing superinsula-
tion blankets to minimize radiative heat transfer and thermal
isolators to minimize conductive heat transfer. Such systems
never reach equilibrium conditions and therefore depend on heat
capacity and a controlled rate of heat rejection to provide optimum
operational temperatures.

5.1-1
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4) Bimetallically activated thermal switches control the temperature

of the electronics compartments during transit and lunar
operations.

Combinations of the above techniques are used on many of the subsystems to
optimize the temperature control system.

5. 1.2 THERMAL ANOMALIES — FAILURE OF THERMAL SWITCHES TO
OPEN IN LUNAR NIGHT

As the spacecraft entered lunar night, at least eight of the nine
thermal switches on compartment A and two of the six switches on compart-
ment B were stuck. At spacecraft shutdown 41 hours after sunset, six
thermal switches on compartment A and one on compartment B remained
closed. This anomaly was documented in TFR 18271 and is discussed in
subsection 5. 1. 6, ""Lunar Night Thermal Performance. "

5.1.3 THERMAL SUBSYSTEM SUMMARY
5.1.3.1 Transit

The thermal response of the spacecraft during the Mission F transit’
was excellent. All steady-state temperatures were close to the nominal
predictions except one: oxidizer line ] temperature (sensor P-8) was 51°F
during the coast phase II steady-state condition compared to the prediction
range of 21° to 41°F, but was well within the required limits of 0° to 110°F.
Of the 74 temperature sensors, 69 were within 10°F of their predicted
nominal steady-state values.

The Surveyor VI television camera differed from its predecessors
in that it had the new, larger, square-shaped hood and mirror assembly.
The camera warmup during the last 5 hours of transit was slower than on
previous missions, resulting in a delay of 23 minutes from nominal in the
turn-on of the television vidicon heater. (The electronics temperature,
TV-16, is required to be above -20°F prior to enabling of the vidicon ther-
mal control.)

5.1, 3.2 Lunar

Spacecraft temperatures during lunar operations were nominal
throughout the first lunar day. Telecommunication electronics operation
was restricted by the temperature levels for 1-1/2 days in the lunar noon
interval. The alpha scattering system and TV camera temperatures were

nominal throughout the lunar day. Shadowing of critical spacecraft units with

the solar panel and planar array was accomplished to great advantage:

1)  Main battery temperature was maintained below 70°F during
the entire lunar morning.

0



2) Vernier engine and flight control temperatures stayed below

their upper limits, satisfying thermal requirements for liftoff
and translation.

3) Alpha scattering system operation was facilitated by keeping
compartment C electronics and instrument temperatures within
operating limits. Lunar night operations had to be terminated
only 41 hours after sunset because of stuck thermal switches in
compartments A and B (TFR 18271).

5.1.4 THERMAL PERFORMANCE IN TRANSIT

A summary of equilibrium temperatures for Missions A through F,
along with Mission F predictions, is presented in Table 5. 1-1. All tempera-

ture signals were plotted in real time during the mission (see Figures 5. 1-Al
through 5. 1-A6).

A table of events for Mission F is presented in Table 5. 1-2. This
table primarily includes events that may affect the thermal response of the
spacecraft, but does not include spacecraft commutator mode changes.

Only thermal responses which were unique or of special interest are
discussed in this report. For those units with temperature histories con-
sistent with previous missions, the equilibrium temperature summary and
transit plots are supplied in lieu of further discussion. '

5.1.4.1 Prelaunch Phase

All spacecraft heaters were properly configured prior to launch, as
follows:

Vernier line heaters Enabled

AMR heater Enabled

Survey TV electronics and mirror heaters Not enabled
Survey TV vidicon heater Not enabled
Propellant tank heaters Not enabled
Alpha scattering head heater Not enabled
Compartment A heater Not enabled
Compartment B heater Not enabled

Compartment C heater Not enabled

Prelaunch air-conditioning was provided as required. Conditioned
air was maintained at approximately 70°F until 2 hours and 17 minutes prior
to launch, whereupon the inlet air temperature control was raised to 85°F.
During the last hour prior to launch, the payload adapter temperature was
maintained at 82. 5°F.

All temperature sensors were within their respective required
launch temperature ranges at launch.
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TABLE 5.1-2.

SURVEYOR VI TRANSIT THERMAL EVENT LOG

GMT,
hr:min:sec

Mission Time,
hr:min:sec

Event

311

312

07:39:01
07:43
07:43:19
07:48:42
07:53:22
08:04:19
08:04:30
08:14:24
08:19
09:29
15:01
15:44
16:27
16:37
16:43
18:04
18:18
19:22
19:24
20:38
20:45
21:58
22:00

. 22:03

22:20
22:24
22:32
22:48

01:51
01:52
02:03
02:06
02:09
02:13
02:16

02:20
02:23

02:26

0
00:04
00:04:18
- 00:09:41
00:14:22
00:25:18
00:25:29
00:37
00:40
01:50
07:22
08:05
08:48
08:58
09:04
10:25
10:39
11:43
11:45
13:00
13:06
14:19
14:21
14:24
14:41
14:45
14:53
15:09

18:12
18:13
18:24
18:27
18:30
. 18:34
18:37

18:41
18:44

18:47

Launch

Shroud jettison

MEIG 1

MECO 1

Out of earth shadow

Omni B high power on

Surveyor -Centaur separation

Sun acquisition

Omni B high power off

Line 2 heater cycling

AMR heater cycling

Omni B high power on

Star acquisition

Transmitter B high power off

Gyro drift checkl (three-axis)

End gyro drift check

Initiate gyro drift check (three-axis)
End gyro drift check 2

Initiate gyro drift check (three-axis)
End gyro drift check 3

Initiate gyro drift check (three-axis)
Solar panel switch off

Solar panel switch on

End gyro drift check 4

137.5 bps

1100 bps

Solar panel switch off

Solar panel switch on

Omni B high power on

4400 bps

Initiate midcourse roll (+91.8 degrees)

Terminate roll

Initiate yaw (+127.3 degrees)

End of yaw

Disable heaters: AMR, oxidizer lines
2,1, and 3

Midcourse (10. 25-second burn)

Enable heaters on: AMR, oxidizer
lines 2, 1, and 3

Initiate reverse yaw (-127.3 degrees)

.1-8




Table 5.1-2 (continued)

GMT, Mission Time,

Day | hr:min:sec hr:min:sec Event

312 | 02:30 18:51 Terminate reverse yaw

(cont)] 02:33 18:54 Initiate reverse roll (-91. 8 degrees)
02:36 18:57 Terminate roll
02:46 - 19:07 1100 bps
02:47 19:08 Omni B high power off
04:37 20:58 Initiate gyro drift 5 (all axes)
05:42 22:03 End gyro drift 5
08:32 24:53 Initiate gyro drift 6 (roll)
12:46 29:07 End gyro drift 6
16:18 32:39 Initiate gyro drift 7 (all axes)
17:18 33:39 Line 3 heater cycling
17:53 34:14 Terminate gyro drift 7
18:59 35:20 Initiate gyro drift 8 (roll only)
21:42 38:03 Terminate gyro drift 8
22:45 39:06 Initiate gyro drift 9 (all axes)

313 | 00:11 40:32 Terminate gyro drift 9
01:11 41:32 Initiate gyro drift 10 (all axes)
02¢25 42:46 Terminate gyro drift 10
03:30 43:51 Initiate gyro drift check 11 (all axes)
04:48 45:09 Terminate gyro drift 11
06:25 46:46 Initiate gyro drift check 12 (all axes)
07:38 47:59 End gyro drift check 12
09:04 49:25 Initiage gyro drift 13 (all axes)
10:42 51:03 Terminate gyro drift 13
11:01 51:22 Initiate gyro drift 14 (roll only)
11:04 51:25 Compartment A heater on
14:53 55:14 Enable heaters on fuel tank 2 and

oxidizer tanks 2 and 3
15:27 55:48 Terminate gyro drift check 14
19:55 60:16 TV electronics heater on
20:25 60:46 Compartment C heater on
22:27 62:48 Alpha scattering instrument heater
on

23:13 63:34 Compartment A heater off
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Table 5.1-2 (continued)

Day

GMT,
hr:min:sec

Mission Time,
hr:min:sec

Event

314

00:07
00:15
00:25
00:28
00:29
00:33
00:35
00:39
00:52

00:53
00:54
00:56
00:57:57
00:58:04

00:58:41
01:01:05
00:01

£ 00:02

01:23

64:28
63:37
63:46
"64:49
64:50
64:54
64:56
65:00
65:13

65:14
65:15
65:17
65:18:50
65:19:04

65:19:43
65:22:04
65:22
65:23
00:22

Omni B high power on

TV vidicon heater on
Initiate roll (+81. 7 degrees)
End roll

Start yaw (+111.7 degrees)
End yaw

Start roll (+120. 5 degrees)

End roll

Heaters off: vernier lines and tanks,
TV, AMR, Compartment C, and
alpha scattering

AMR power on

Thrust phase power on

AMR enable

AMR mark

Retro ignition, = RADVS on,
~ vernier ignition

Retro burnout

Touchdown

RADVS power off

Flight control power off

Omni B high power off
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5.1.4,2 Postlaunch Phase

The spacecraft was injected into a parking orbit for 15 minutes and
was in an earth shadow for 14. 4 minutes from launch. This time interval
was small enough that most components were not subjected to any large
temperature variations. The solar panel was an exception: the minimum
recorded temperature was 36°F at 11 minutes after launch. No data were
available from this time to sun acquisition at 36 minutes after launch. It is
estimated that the minimum temperature occurred at the time of earth
shadow exit and that the solar panel did not go below 0°F,

5.1.4.3 Midcourse

The spacecraft thermal response during midcourse was nominal.
A maximum engine temperature of 368°F was observed on engine 3. A
summary of propulsion system temperature excursions due to midcourse
operations is presented in Table 5. 1-3.

The spacecraft was oriented off-sun for about 21 minutes and 19
seconds during which time the midcourse engine firing was executed. During
this period, all spacecraft temperature signals remained within appropriate
limits.

TABLE 5. 1-3. SURVEYOR VI MIDCOURSE THERMAL RESPONSE (°F)

Peak
Preignition Temperature Temperature
Sensor Temperature Observed Increase
Engine 1 (P-7) ' 65 335 270
Engine 2 (P-10) 84 265 181
Engine 3 (P-11) ‘ 77 368 291
Oxidizer line 1 (P-8) 60 71 11
Oxidizer line 2 (P-~4) 37 58 21
Oxidizer line 3 (P-9) 58 88 30
Oxidizer tank 1 (P-15) 60 71 11
Oxidizer tank 2 (P-16) 37 56 19
Oxidizer tank 3 (P-6) 55 62 7
Fuel tank 1 (P-13) 56 65 9
Fuel tank 2 (P-5) 43 56 13
‘Fuel tank 3 (P-14) 56 66 10

5.1-11



A1l cyclic heater loads (except the gyro heaters) were commanded
off for approximately 7 minutes. The heaters are commanded off in order
to remove cyclic loads so that critical electrical loads could be observed
without ambiguity during the vernier burn.

Propellant tank temperature stratification was observed on this
flight as in all previous flights. Temperature changes induced at the
temperature sensor locations due to propellant motion within the tanks
are also presented in Table 5. 1-3.

5.1.4,.4 Coast Phases

Heater Performance

All heaters performed as expected and no anomalies occurred. The
gyro heaters were on before launch and continued to cycle until after touch-
down when flight control power was commanded off. The duty cycles for
the gyros at 5 hours after launch are as follows:

Roll: 12.8 percent
Pitch: 28 percent
Yaw: 16.9 percent
The first vernier propellant line to cycle after launch was oxidizer
line 2 at L+1:50. It cycled between the values of 18° and 26°F with the duty
cycles as listed in Table 5. 1-4 during the rest of the transit phase. The

altitude marking radar heater started cycling at L.+7:22 and remained
between 17° and 20°F thereafter. The duty cycles are listed in Table 5. 1-4.

TABLE 5. 1-4. HEATER DUTY CYCLES

Mission Time, Oxidizer Line 2, Oxidizer Line 3,
hr:min percent AMR, percent percent
09:00 26.4
11:00
28:00 35.4 47.9
52:50 40.5
62:00 45.0
53:53 56.1 7.4
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Vernier oxidizer line 3 started cycling at 33 hours and 39 minutes
into the mission, and the temperature ranged from 18° to 22°F after it
started cycling. The duty cycle is listed in Table 5. 1-4.

The propellant tank heaters were all enabled at 55:14 hours mission
time, but none of them cycled during the mission as the temperatures were
above the thermostat set point. The television electronics and compartment
C heater were enabled at 60:16 and 60:46 mission time, respectively, and
the alpha head heater was commanded on at 62:48. The television vidicon
heater was commanded on at 63: 37,

Gyro Drift Check and Effects

The most notable thermal effect during the 14 gyro drift checks was
on engine 2, caused by the +1. 2 deg/hr yaw. The increased solar energy
raised this engine 18 degrees above its steady-state temperature of 80°F.
This engine is known to be sensitive to the gyro drift, and therefore this
was considered a nominal condition. The pitch gyro drift rate was very
small and had a negligible thermal effect on the spacecraft.

The thermal effect of gyro drift checks on other subsystems may be
seen on the temperature histories of the nitrogen tank (FC-48), the A/V
preamplifier (R-13), the compartment A canister (V-18), and the space-
frame at retro attach point 2 (V-38).

Vernier Oxidizer Line 1

The transit steady-state temperature range of 51° to 57°F (Figure
5. 1-A5) on oxidizer line 1 (P-8), while within limits, was unexpected. Based
on solar thermal vacuum test data and the experience of previous flights,
the predicted temperature for Mission F was 31°F. The temperature sensor
is remotely located from the maximum temperature location at the upper
portion of the feed line. The maximum temperature at this localized region
was estimated to be 1'l10°F or at the upper temperature limit.

During the terminal maneuvers when solar energy illuminated the
bottom of the spacecraft, the temperature of oxidizer line 1 at the flight
sensor increased steadily, reaching 103°F at retro ignition,

Several other investigations were made to validate the oxidizer
line 1 temperature measurement. Scaling coefficients were checked; the
temperature in the prelaunch air -conditioning environment compared exactly
with the other two oxidizer lines; and a temperature of 20°F (the set point
of the thermostat) was measured when the line 1 heater cycled starting at
6 hours and 23 minutes after touchdown. The pre-encapsulation photographs
and thermal inspection did not indicate any discrepancies in the line thermal
finish or to the sunshade. Power considerations indicated the line 1 heater
was not drawing current during the transit.

It must be concluded that no reason for the higher than predicted
temperature of oxidizer line 1 could be found.
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Alpha Scattering Instrument

The thermal performance of the alpha scattering units is summarized
in Table 5. 1-5 and Figure 5. 1-A5, All temperatures were corrected for bit
rate errors of 2°F at 550 bps, 5°F at 1100 bps, and approximately 16°F at
4400 bps. The Surveyor VI preterminal descent warmup of compartment C
was initiated at approximately L+60:46 (less warmup time was required for
Surveyor VI than for Surveyor V because compartment C and instrument
head equilibrium temperatures were 10°F higher than Surveyor V). After
a 2-hour warmup of compartment C to above -4°F, the alpha scattering
instrument heater was enabled. The head temperature increased from an
equilibrium of 43°F to the heater thermostat set point of 50°F, and the
heater began cycling within 0. 5 hour after being enabled. One hour before
retro ignition, the ASI head temperature was at 52°F, and the compartment C
temperature was 17°F.

The alpha scattering system temperatures after landing were of
interest because of the low sun elevation. It was predicted that the instru-
ment steady-state temperature with the heater on would be above the
operational temperature limit after touchdown. Compartment C temperature
was predicted to be above the operational limit even with the heater disabled.
The sun illuminated the compartment radiator directly in the landed orienta-
tion. The alpha scattering temperatures after landing were 50°F for the
sensor head and 15°F for compartment C.

Television System

The television camera electronics heater was enabled at the normally
scheduled time of L+60:16. On previous missions, the electronics
temperature (TV-16) had warmed up to the required -20°F for vidicon heater
turn-on 1/2 hour in advance of the nominal turn-on time. In Mission F, the
electronics temperature was -27°F at that time, and vidicon heater turn-on
was delayed for 23 minutes. No television problems resulted from this
delay as the camera had achieved the desired operational temperatures prior
to use of the television system.

The new enlarged television hood and mirror assembly was flown
for the first time on Mission F and may have caused the slower thermal

response.

Compartment System

The thermal performance of compartments A and B agreed well with
predictions for Mission F during steady-state operations. Compartment A
performed exactly as predicted, whereas compartment B was approximately
9°F warmer than predicted.

The thermal response of compartments A and B to high power opera-
tion was as expected. Table 5. 1-5 presents data from the four high power
transmitter operation intervals and indicates the temperature responses of
all critical sensors in compartments A and B. Transmitter B was utilized
for all transit high power operations,
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TABLE 5. 1-5. COMPARTMENTS A AND B THERMAL
RESPONSE TO HIGH POWER OPERATION (°F)

Sun Acquisition

Temperature Canopus Search Midcourse Terminal Descent
Rise
Peak Peak Peak Peak

Temperature| Predicted | Actual [ Temperature| Predicted| Actual Temperature| Predicted | Actual | Temperature | Predicted | Actual

Compartment A
D-13 83 4 3 67 15 16 62 38 18 58 28 19
D-14 122 49 41 110 55 56 106 61 58 115 22 19
EP-8 84 1 4 77 4 4 72 8 2 79 39 27
EP-34 94 6 6 82 6 6 77 11 6 102 50 42
V-15 100 18 20 87 32 32 80 37 33 62 37 21

V-16 86 1 4 73 5 3 69 8 5 87 31 36

Compartment B
EP-13 83 0 0 79 8 0 84 9 4 83 7 0

v-21 88 0 0 74 4 1 1 74 4 [ 77 3 0

v-22 85 o [ 79 3 0 77 4 1 81 3 0

During launch, aerodynamic heating on compartments A and B
negligibly affected the compartment internal temperatures. Unfortunately,
no data were available from 07:50 to 08:10 GMT on day 311, the critical
period of aerodynamic heating, to observe the temperature response of the
thermal switches.

5.1.4.5 Terminal Descent Phase

The thermal response during terminal descent was nominal. The
maximum temperatures recorded on the vernier engines were 450°, 345°,
and 451°F on engines 1, 2, and 3, respectively. The klystron power supply
modulator temperature increased from 14° to 92°F during RADVS operation.
At retro ignition, the retro bulk temperature was 53°F,

Incorporation of the battery warmup procedure resulted in a battery
temperature of 90. 4°F at the time of RADVS turn-on. Thus, the battery
was at the most desired temperature to support the loads associated with
terminal descent.

The spacecraft was in an off-sun attitude for approximately 31.5
minutes prior to touchdown. All temperatures remained within proper
temperature limits during this period (see Figures 5. 1-A 1l through 5. 1-A6).

Transmitter B high power operation was initiated 53. 5 minutes before
touchdown and terminated 22 minutes after touchdown (approximately 1 hour
and 16 minutes of continuous high power). During this period, transmitter B
temperature increased to 115°F and remained steady at that temperature for
the last 44 minutes of the operation.
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5.1.5 THERMAL PERFORMANCE — FIRST LUNAR DAY

A summary of maximum lunar day temperatures and minimum
temperatures during an eclipse is shown in Table 5. 1-6. Plots of thermal
parameters during the lunar day are presented in Appendix B to this section.

5.1.5.1 Touchdown and Orientation

Surveyor VI touchdown occurred at 01:01 GMT on day 314. The
spacecraft +X axis was pointing nominally downhill at an inclination of 0.9
degree. The sun vector was 59 degrees from -X towards -Y. A comparison
of landing orientation for Surveyors I, III, V, and VI is given in Table 5. 1-7.

5.1.5,2 Heater Performance

Performances of all heaters during the lunar phase were within
tolerances, and no anomalies occurred. Table 5. 1-8 gives the times that
heaters were enabled and disabled during lunar operations. The use of
compartment heaters towards the end of the lunar day served two purposes:
1) to serve as a load for a near fully charged battery to keep the solar panel
switch on, 2) to warm the compartment interior prior to sunset for additional
operating time into the lunar night from the compartment heat capacity.

5.1.5.3 Compartment System

Compartment A behaved better thermally in the lunar morning than
any prior spacecraft. For a period of 7 days during the lunar morning, the
main battery never exceeded 75°F. These low temperatures were caused
by shadowing of compartment A radiators by the solar panel and planar
array. During the afternoon, compartment A could not be shadowed without
loss of earth lock, and the main battery reached 115°F twice: at 323:13:00
GMT (solar elevation angle = 62 degrees), and 324:19:00 GMT (solar eleva-
tion angle = 46 degrees). A standby mode had to be initiated from 323: 10:00
to 324:23:00 to cool down the main battery to ensure future ability to take
pictures at each Goldstone rise. Engineering interrogations were made
every 2 hours during this period.

Compartment B never exceeded its operational temperature limits.
The maximum temperatures observed in compartment B were 115°F for the

lower thermal tray and 111°F for the upper thermal tray.

5.1.5.4 Surveyor Environmental Test Laboratory (SETL) Spacecraft Model

During lunar operations, it became essential to determine the shading
on spacecraft components for a variety of solar panel and planar array loca-
tions and sun positions. This was necessary because of the special require-
ments of the lunar hopper experiment. The SETL model of the spacecraft
was used, along with a collimated light source to simulate the spacecraft in
the lunar environment. Polaroid pictures were taken of the shadow patterns
on the model. Actual spacecraft television pictures of shaded areas were
used to verify the effectiveness of this method.
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TABLE 5.1-6.

MAXIMUM QUASI-STEADY STATE TEMPERATURES AND

MINIMUM TEMPERATURES OF SPACECRAFT ON LUNAR SURFACE

Sensor and Location

Maximum Temperature,

Eclipse Minimum

Surveyor I

Surveyor VI

AS-3 Alpha scattering sensor head
AS-4 Compartment C electronics
D-13 Transmitter A

D-~14 Transmitter B

EP-8 Main battery

EP-12 Solar panel

EP-13 Boost regulator

EP-26 Auxiliary battery

EP-34 Battery charge regulator
FC-44 Flight control electronics
FC-45 Flight control electronics
FC-46 Roll gyro

FC-47 Canopus

FC-48 Nitrogen tank

FC-54 Pitch gyro

FC-55 Yaw gyro

FC-70 Attitude jet 2

FC-71 Roll actuator

M-8 Planar array

M-10 Solar motor

M-12 Elevation motor

P-4
P-5
P-6
P-7
P-8
P-9

Oxidizer line 2
Fuel tank 2
Oxidizer tank 3
Vernier engine 1
Oxidizer line 1
Oxidizer line 3
P-10 Vernier engine 2
P-11 Vernier engine 3
P-13 Fuel tank 1
P-14 Fuel tank 3
P-15 Oxidizer tank 1
P-16 Oxidizer tank 2
P-17 Helium tank
P-23 Fuel line 1

P-24 Fuel line 2

P-25 Fuel line 3

R-8 Klystron power supply
modulator

R-9 Signal data converter

185
106
118
217
132
155
142
192
200
167
180
173
188
170
205
224
228
218
190
203
164
154
244
221
184
229
227
190
171
173
166
145

225

149

°F
Surveyor III | Surveyor V
- 143/146%
— 132/138
118 120/112
110 109/111
116 114/118
220 248/250
132 124/127
166 -
125 124/125
202 180/184
201 185/190
198 157/290%:%
194 170/177
165 195/187
210 219/226
239 230/238
230 296/296
230 242/245
201 210/208
203 210/207
197 206/201
179 173/181
256 250/250
202 220/226
200 182/186
256 272/252
232 210/219
208 209/204
188 166/160
183 192/187
185 182/183
178 197/213
- 213/210
- 219/208
- 210/210
214 222/227
168 174/180

163
147
110
110
115
241
115
136
196
197
160
200
225
159
161
214
244
290
222
223
182
194
179
246
213
195
256
271
200
195
180
166
186
214
208
245
247

161

Temperature, °F
Surveyor III | Surveyor V
- 14
— 23
47 64
43 64
74 101
-185 -166
32 66
140 -
72 99
53 25
-3 31
11 116
-20 6
- 16
- 112
— 114
-52 -66
-16 28
-140 -133
-43 -52
14 -3
76 81
165 136
108 136
-12 40

8 52
62 -1
36 -12
22 12
83 174
137 124
96 149
153 129
21 -19
- 142
- 84
- 33
23 43

8 42

“First day/second day values.

A

s
IRU radiator damaged during lunar night.
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Table 5. 1-6 (continued)

Sensor and Location

Maximum Temperature,

°F

Eclipse Minimum
Temperature, °F

Surveyor I

Surveyor III

Surveyor V

Surveyor VI

Surveyor III

Surveyor V

R-10 Doppler preamplifier

R-13 Altitude preamplifier

SS-12 Surface sampler electronics
TV-16 TV electronics

TV-17 TV hood

V-15 Compartment A tray top
V-16 Compartment A tray bottom

V-17 Compartment A shell,

retainer

Compartment A shell,

canister

Compartment A
base

switch 5,

Compartment A
radiator

switch 5,

v-21
v-22
Vv-23

Compartment B tray top

Compartment B tray bottom

Compartment B shell

canister

Compartment B
radiator

switch 4,

Compartment A
radiator

switch 8,

Compartment B switch 4,

base
v-27
V-28
v-29
V-30
V-31
V-32
V-33
V-34

Upper spaceframe
Lower spaceframe
Thermal tunnel
Shock absorber 1
Leg 2 upper web
Shock absorber 2
Shock absorber 3

Antenna/solar panel posi-
tioner mast

V-35
V-36
V-37
V-38
V-39
V-44
V=45

Upper spaceframe

Lower spaceframe

Retro bolt 1

Retro bolt 2

Retro bolt 3

Crushable block 3 heat shield

Compartment B switch 1,
radiator

Compartment B switch 5,
radiator

Compartment A switch 2,
radiator

Compartment A switch 3,
radiator

235
214
127
124
110
118

78

118
124
111

99

88

138
190

193
148
171
175
130

125
166
222
175
185
189
104

96

260
232
144
140
148
109
117
120

108

112

101

117
122
152

100

100

114

156
186
115
190
158
183
186
142

154
179
202
227
200
193
105

100

104

260/260
243/226
150/157
152/155
109/117
119/124

100/110

108/115

100/104

117/122
124/127
105/114

100/106

100/110

114/118

160/168
196/201
130/134
178/187
195/201
189/195

168/172
187/188
219/222
222/206
185/188
210/211
108/112

100/105

105/110

105/110

215
243
143
136
110
124

97

112
115
100

96

98

109

159
182
126
184

183
184

154
192

206
214
236
102

95

100

-33
2
-18
-10
-12
41
68
69

-170

45

18

21
29
-154

-16

13

21

-75
-32

47
-51

-57
-35
-102

-70
-45

-2

32
-11
-29
-95

18

31
-31
0
-1
64
89

-160

62

24

59
70
-153

11

52

-70
-8
73

-65

-67
-55

-81
-46
14
-29
-7
-15
25

-30

18
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TABLE 5. 1-7. COMPARISON OF LANDING ORIENTATIONS FOR
SURVEYOR SPACECRAFT

Sun Elevation Angle
to Spacecraft
Spacecraft X-Y Plane, degrees Sun Direction at Touchdown

I 29 Sun vector
l degree from -Y towards +X

III 12 Sun vector
44 degrees from +X towards -Y

v 20-1/2 Sun vector
24 degrees from +X towards -Y

Vi 4-1/2 Sun vector
59 degrees from -X towards -Y

5.1.5.5 Television Camera Operation

The camera was within operational temperature limits throughout the
entire lunar day. It was not necessary to go to a standby mode during the
lunar noon interval to maintain proper camera thermal control, The solar
panel was positioned to partially shade the camera at 09:00 GMT on day 318.
The camera had the thermal capability to operate almost continuously at
2-hour operating periods with engineering interrogations interspersed. This
was the best television camera thermal performance experienced on any
spacecraft during the lunar noon period.

5. 1.5. 6 Alpha Scattering System

1 ronmai 1d -~ 43~ oo v

Conti Ipha scatterin Mar COsiGderations w

—oniinuous a.a.yua scatier 5
possible for nearly 3 days after touchdown It was necessary to command the
alpha scattering system off at 316:23:39 because the temperatures of the
instrument (AS-3) and the compartment C electronics (AS-4) were 122° and
125°F, respectively. The upper operational limits are 122° and 131°F.

[40]
QO
T
o

At this point, alpha scattering system operation had to be suspended
for 3-1/2 days until the sun elevation angle was 79 degrees, at which time,
as indicated by the SETL spacecraft model and the shadow plots, solar
panel shading was possible. The temperatures of the instrument and the
compartment C electronics had both increased to 142°F in this period. At
320:06:00 the solar panel was repositioned to accomplish the required shading
and bring the alpha scattering system temperature within operational limits.
Alpha scattering experimentation was resumed at 320:13:01 with instrument
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TABLE 5. 1-8.

LUNAR DAY

HEATER ENABLE/DISABLE TIMES FOR FIRST

Day

GMT,
hr:min

Propellant
Lines

Propellant
Tanks

Compart -
ment C

Alpha
Scattering
Head

TV

Electronics

Video

AMR
Logic

(Gyros)
Flight
Control
Power

Compart-
ment A

Compart-
ment B

315

321

322

326

327

329

330
(s/C

shutdown)

0l:
0l:
05:
06:
06:
06:
20:
09:
10:
0l:
12:
00:
08:
19:
20:
00:
00:
04:
07:
16:
18:
20:
01:
02:
04:
14:
16:
16:
16:
17:
18:
19:
07:
18:
21:
01:
01:

On

Off
Line 1 on
Off

On

Off

On

Off

Off

On

Off

Off

On

Off

Off

Off

Off

Off

On

Off

off

Off

Off

Off

On

Off

On

Off

On

Off

Off

Off

Off
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and electronic temperatures at 100° and 92°F, respectively. The system
was commanded off at 321:03:32 after sufficient data were obtained to allow
preparations for the lunar translation.

After the lunar translation, the alpha instrument was found to be upside
down. The instrument temperature is hotter in this position than upright as
the cavity absorbs most of the incident solar energy and the radiator (primary
temperature control surface) is in contact with the hot lunar surface. The
instrument temperature rose to 163°F subsequent to the translation
(321:17:00), an increase of 20 degrees.

The alpha scattering device temperature changes with bit rate. On
several occasions, the bit rate was lowered to determine the magnitude of
the temperature error associated with the higher bit rate of 1100 bps.

Table 5. 1-9 gives readings taken at various times during the mission. The
average 1100-bps correction for AS-3 and AS-4, respectively, was 5. 6° and
5.7°F.

TABLE 5. 1-9. EFFECT OF BIT RATE ON ALPHA SCATTERING

TEMPERATURES
Compartment C
Instrument Temperature Electronics Temperature
(AS-3), °F (AS-4), °F
GMT,

day:hrimin {137. 5 bps | 1100 bps | Difference | 137. 5bps { 1100 bps | Difference
316:18:21 118. 7 125. 9 +7. 2 122. 6 128. 8 +6. 2
318:17:00 139 146 +7 88 93 +5
319:06: 30 142 147 +5 94 100 +6
319:18:00 141 147 +6 97 102 +5
320:14: 32 96. 6 101. 8 +5. 2 93.2 98. 5 +5. 3
322:13:56 48. 6 53.9 +5. 3 64 70.2 +6..2

5.1.6 LUNAR NIGHT THERMAL PERFORMANCE

Ananalysis was made to determine the performance of the compartment
A and B thermal switches during the Surveyor VI first lunar night. Figure
5. 1-1 shows the power and temperature history of both compartments and an
estimate of the number of closed (stuck) switches during this period. It was
determined that at last contact with the spacecraft (330:06:41 GMT) there
were six switches closed in compartment A and one closed in compartment B.
This problem was documented in TFR 18271.
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Figure 5.1-1.

Surveyor VI Thermal Switch Closures During Lunar Night
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The number of closed switches was determined by performing heat
balances on each compartment during specific time periods. The unit power
dissipations in the compartments were obtained from Reference 1. The
battery dissipation was calculated by

PBatt = (25.77 ~ bus voltage) x unregulated current

The data shown in Figure 5.1-1 represents all the spacecraft power
configurations during the time period shown, based on information found in
the detailed command log and/or real time records.

The general method of analysis used postulates that any heat input
above that required to maintain the compar