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1.0 SCOPE AND PURPOSE

At 12:32 GMT (05:32 PDT) on 20 September 1966, the second Surveyor
spacecraft (SC-2) was launched from Cape Kennedy. Throughout the early
stages of the flight, the overall performance of the spacecraft was excellent,
with DSIF acquisition and Canopus acquisition and verification being suc-
cessfully accomplished However, during the midcourse velocity correc-
tion sequence, vernier engine 3 did not respond properly, resulting in
spacecraft tumbling. Subsequent attempts to correct this condition failed.
Communication with the spacecraft was lost approximately 45 hours after
launch when the main retro engine was fired to obtain additional engineering
data.

The basic purpose of this report is to document the actual perform-
ance of this second spacecraft throughout the mission, compare its per -
formance with that predicted by the spacecraft design, and recommend any
changes or modifications that should be made in the spacecraft design or
prediction models. The report is based on both real-time and postmission
data analysis. Special attention will be given to the anomaly that caused
mission failure, although this report in no way attempts to present the com-
plete logic leading to the final conclusions regarding the cause of that anomaly.
This latter task falls rightfully within the jurisdiction of the Failure Review
Board.






2.0 DESCRIPTION OF SURVEYOR SYSTEM

The Surveyor spacecraft is designed and built by the Hughes Aircraft
Company under the direction of the California Institute of Technology Jet
Propulsion Laboratory for the National Aeronautics and Space Administration.
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. A brief but
complete description of the Surveyor mission objectives and vehicle design
is given in the Surveyor I Final Performance Report (Reference 1),. Thus .
only principal variations between the first and second Surveyor missions and
designs will be discussed in this section.

2.1 SURVEYOR II MISSION OBJECTIVES

The basic objectives of the Surveyor spacecraft system, as defined
in Reference 2, were as follows:

1) Primary objectives

a) Accomplish a soft landing on the moon at a site east of the
Surveyor I landing point.

b) Demonstrate spacecraft capability to soft land on the moon
with an oblique approach angle not greater than approxi-
mately 25 degrees.

c) Obtain postlanding television pictures and touchdown
dynamics, radar reflectivity, and thermal data of the lunar
surface.

2) Secondary objective: Demonstrate capability of DSS-61 and 72
to support future Surveyor missions.




The secondary objective was subject to resolution of conflicts between
Surveyor and Lunar Orbiter for the use of DSN facilities and support. In the
event these conflicts could not be resolved, the secondary objective would
have been dropped.

2,2 SURVEYOR II FLIGHT CONFIGURATION

For a summary description of the major Surveyor functions and
design mechanization, see the Surveyor I Final Performance Report (Refer-
ence 1). All major differences in the SC-2 configuration compared with that
of the first spacecraft are discussed in detail in Table 2-1. A complete

listing of SC-2 control items, separated by subsystem or function, is given
in Table 2-2.

2.3 REFERENCE

1) "Surveyor I Flight Performance Final Report, ' Hughes Aircraft
Company, SSD 68189R, October 1966.
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TABLE 2-1. SC-2 MAJOR CONFIGURATION DIFFERENCES

WITH SC-1

Itemn

1} Boost regulator overload trip circuit

2) a) Filter chokes on input to ESP and
AESP
b) Filter on A/D converter 2 nulling
amplifier in CSP

3) Telemetry of flight control return
signal

4) A/SPP pin pullers

5} A/SPP drive motor

6) Omnidirectional antenna latch and
release mechanism

7} Command assignments

8) Boost regulator flight control
regulator filter

9) Vx and Vy gain in flight control

sensor group

10) Solder splash in ESP and AESP

11) RADVS sidelobe rejection logic

12) Canopus sun reference filter change

13) Canopus window

14) A/SPP pulse duration

15) Quick disconnects

16 ) Auxiliary battery cover paint pattern

Description

In SC-1, the overload trip circuit in the boost regulator had to
be disabled because it would trip with a 2-millisecond tran-
sient. The 5C-2 boost regulator has an overload trip circuit
that does not trip unless the transient is 20 to 30-milliseconds.

Both of these design improvements eliminate the large varia-
tions in temperature readouts on telemetry which were present
on SC-1.

In SC-2 the flight control return signal is telemetered so that
varying harness voltage drops can be corrected to provide
more accurate data on flight control telemetry signals,

A/SPP pin puller modules were redesigned to simplify
installation at AFETR,

All SC-2 drive motors on the A/SPP have roller detents
instead of ball detents used in all but the SC-1 roll axis. This
is a design improvement,

SC-2 release mechanisms for omnidirectional antennas A and
B have been redesigned to prevent the deployment problem
that occurred in the SC-1 flight. The clevis opening has been
broadened, and a kickout spring has been added.

SC-2 engineering mechanisms auxiliary had been modifiea to
combine functions of two commands so that two command
channels would be made available for fuel and oxidizer dump,
It has since been determined that fuel and oxidizer dump are
not necessary, but the engineering mechanisms auxiliary
change had already been accomplished.

SC-1 Command SC-2
Roll actuator unlock 0605 Roll actuator unlock

and pressurize VPS
Pressurize VPS 0607 Spare

Unlock roll-(lunar) 0633 Unlock elevation and
roll (lunar)

Unlock elevation 0634 Spare

SC-2 boost regulator has a new filter on the flight control
regulator to eliminate oscillations that would sometimes
occur, causing an overload on the shunt regulator. SC-1 did
not have this filter, but apparently did not need it.

Vx and Vy radar attitude loop gains have been reduced in SC-2
to eliminate a potential instability problem at velocities
greater than 535 fps.

All SC-2 units have had the Kit 10 modification performed to
eliminate the solder splash problem (except the spare central
command decoder).

Two resistors in the SC-2 signal data converter were removed
in order to lower the point at which the sidelobe signals are
rejected from 28 to 25 db,

SC-1 had a Canopus sun filter with a reduction of 50 percent

(filter factor of 1.5) to compensate for any possible fogging of
Canopus sensor window, in accordance with recent measure -
ments of Canopus brightness at Tucson,

SC-2 has a filter factor of 1.2. This has been reduced from
1.5 to 1.2 because the fogging problem did not materialize at
the Canopus sensor temperature of 79°F for the SC-1 flight,

The O-rings on the Canopus window were changed for SC-2 in
an effort to prevent possible fogging of the Canopus filter,

Battery charge regulator was changed to reduce A/SPP stepping
current pulse duratien {rom 65 to 40 milliseconds. This change
reduced the power dissipation in the battery charge regulator
and in the A/SPP drive motors,

Q3 and Q4 were replaced on SC-2 by changing valves CV3 and
Cv4,

The paint pattern of the auxiliary battery container was
changed to increase the temperature of this unit, which became
too low during Coast Mode II for SC-1,




TABLE 2-2,

SPACECRAFT UNIT CONFIGURATION AT LAUNCH

Subsystem or Classification; Control Item Serial
Control Item Description Part Number Number
Telecommunications
Transmitter A 263220-4 15
Transmitter B 263220-4 11
Command receiver and 231900-3 15
transponder A
Command receiver and 231900-3 16
transponder B
Omnidirectional 232400 12
antenna A
Omnidirectional 232400 21
antenna B
RF single pole double 283983 13
throw switch
RF transfer switch 283984 15
Low pass filter A 233466 1
Low pass filter B 233466 2
Amplifier, telemetry 290780 13
Buffer A
Amplifier, telemetry 290780 14
Buffer B
Planar array antenna 232300 15
Signal Processing
Central command decoder 232000-5 3
Central signal processor 232200-8 2
Engineering signal 233350-7 1
processor
Auxiliary engineering 264900-3 3
signal processor
Signal processing 232540-1 1
auxiliary
Low data rate auxiliary 264875-2 2
Television auxiliary 232106-5 11
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Table 2.2 (continued)
Subsystem or Classification Control Item Serial
Control Item Description Part Number Number
Electrical Power
Battery charge regulator 274100-4 12
Boost regulator 274200-12 14
Solar panel 237760-3 2
Main battery 237900 63
Auxiliary battery 237921-1 64
Auxiliary battery control 273000-2 16
unit
Auxiliary battery 263730 5
compartment
Main power switch 254112 5
Boost regulator 290080 12
unregulated bus filter
Boost regulator 290390 12
unregulated bus choke
Fixed Wire-Wound Meter
Shunt Resistors
Battery current 988645-2 778002
RADYVS current 988647-1 1
Unregulated output current 988645-3 778007
Flight Control
Flight control sensor group 235000-9 1
Canopus sensor 235300-2 11
(Part of
235000-9)
Secondary sun sensor 235450-1 2
Attitude jet 1 235700-2 1
Attitude jet 2 235700-3 4
Attitude jet 3 235700-3 6
Attitude jet gas supply 235600-2 4
Roll actuator 235900-3 7




Table 2-2 (continued)

Subsystem or Classification; Control Item Serial
Control Item Description Part Number Number
Radars
Altitude marking radar 283827-1 13
RADVS signal data 232908-2 AM-7
converter (9)
RADVS klystron power 232909 AM-3
supply modulator (5)
RADVS altimeter/velocity 232910 AM-4
sensor antenna (6)
RADYVS velocity sensor 232911-1 AM-3
antenna (5)
RADVS waveguide 232912 AM-3
assembly (5)
Television
Approach television 284302-1 13
camera
Survey television camera 284312-3 11
Photometric chart on 231051 12
omnidirectional antenna B
Photometric chart on 230992 12
landing gear 2
Propulsion
Fuel tank 1 287000-3 1
Fuel tank 2 287001-3 4
Fuel tank 3 287000-3 2
Oxidizer tank 1 287002-3 1
Oxidizer tank 2 287004-3 3
Oxidizer tank 3 287003-3 1
Thrust chamber 285063-1 542
assembly 1
Thrust chamber 285063-2 546

assembly 2
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Table 2-2 (continued)

Subsystem or Classification; Controlltem Serial
Control Item Description Part Number Number
Thrust chamber 285063-3 544
assembly 3
Helium tank and valve 262789-2 4

assembly

Retro rocket engine 238612 A21-27

Thermal Control

Thermal switches, 238810 15, 22,
compartment A 23, 44
238810-1 8
238810-3 11, 12,
29
238810-4 1
Thermal switches, 238811 7, 16,
compartment B 17, 18,
19, 20
Thermal shell assembly
Compartment A 286459 1
Compartment B 286460 1

Thermal control and
heater assembly

Compartment A 232210-1 15

Compartment B 232210-2 18
Thermal tray assembly

Compartment A 264334-1

Compartment B 276935

Thermostat, heater, and
temperature sensing
assemblies: legs 1, 2,
and 3 -

Thermal Resistors
Compartment A

Tray top 988653-2 6538
Lower Support 988653-2 155
Insulation 988653-2 6542
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Table 2-2 (continued)

Subsystem or Classification; Control Item Serial

Control Item Description Part Number Number
Canister 988653-2 6276
Thermal switch 2 988653-2 180
Thermal switch 5, 988654-10 1954
inner contact ring
Thermal switch 5, 988653-2 176
outside
Thermal switch 8 988653-2 6349

Thermal Resistors,

Compartment B
Thermal switch 1 988653-2 6380
Thermal switch 5 988653-2 6379
Lower spaceframe 1 988653-2 171
Lower spaceframe 2 988653-2 167
Tray top 988653-2 6271
Lower support 988653-2 6386
Canister 988653-2 6269
Thermal switch 4, 988653-2 6368
inner face radiator
Thermal switch 4, 988650-2 6150
inner contact ring

Thermal Resistors,

Spaceframe
Upper spaceframe 1 988654 -2 113
Upper spaceframe 2 988654-2 116
Leg 2 upper web 988653-2 117
Retro attach 1 988653-2 196
Retro attach 2 988653-2 163
Retro attach 3 988653-2 164
Harness tunnel 988657-1 106
Crushable block 988653-2 217
Auxiliary battery 988653-2 6414

compartment
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Table 2-2 (continued)

Subsystem or Classification; Control Item Serial
Control Item Description Part Number Number
Mechanisms and
Instrumentation
Spaceframe subassembly 264178-1 1
Landing gear 1 261278 4
Footpad leg 1 (263947) -
subassembly
Landing gear 2 261279 3
Footpad leg 2 (263947) -
subassembly
Landing gear 3 261280 4
Footpad leg 3 (263947) -
subassembly
Shock absorber, leg 1 264300-1 9
Shock absorber, leg 2 264300-1 10
Shock absorber, leg 3 264300-1 11
Leg position 988684-1 989062
potentiometer 1
Leg position 988684-1 989920
potentiometer 2
Leg position 988684-1 989919
potentiometer 3
Omnidirectional antenna A 287300-1 2
mechanism
Omnidirectional antenna B 273880-1 1
mechanism
Cartridge actuated pin
pullers, mechanical
Omnidirectional antenna A 236390-5 140
Omnidirectional antenna B 236390-5 142
Antenna and solar panel 287580 1

positioner
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Table 2-2 (continued)

mast

Subsystem or Classification; Control Item Serial
Control Item Description Part Number Number
Cartridge actuated pin
puller - A/SPP
subassemblies
Roll latch 293184-2 1
Roll latch 293184-3 2
Elevation 293184-1 2
Solar panel 293184-5 2
Solar panel 293184-4 2
Solar panel 287490-9 141
Retro rocket release 230069-1 28, 29,
mechanisms, legs 30
1, 2, and 3
Separation sensing and 293400 1, 9, 7
arming devices, legs
1, 2,and 3
Cartridge actuated pin 236390-7 141, 144,
pullers, legs 1, 2, and 3 147
Cartridge actuated pin 236390-7 143
puller, roll actuator
Engineering mechanism 263500-6 12
auxiliary
EMA board 4 273341 F-4
(Part of
263500-6)
Strain gage amplifier 238930 5
assembly, leg 3
Accelerometer 1, legl 239002-1 17
Accelerometer 2, leg 2 239002-2 18
Accelerometer 3, leg 3 239002-3 19
Accelerometer 4, flight 239002-4 20
control sensor group
Accelerometer 5 A/SPP 239002-5 21




Table 2-2 (continued)

Subsystem or Classification: Control Item Serial
Control Item Description Part Number Number
Accelerometer 6, 239002-6 22
velocity sensor antenna
(RADVS)

Accelerometer 7, 239002-7 23
compartment A
Accelerometer 8, 239002-8 16
compartment B
Accelerometer amplifier 239011 3
Cables and Harnesses
Wiring harnesses
A/SPP 286417 1
Compartment A 286207 4
Compartment B 286242 4
Retro rocket engine 286390 2
TV camera 276979 5
Auxiliary battery 264100 3
Basic bus 1 3025357 1
Basic bus 2 286398 2
Battery cell voltage 3025155 2
RF cable assemblies

Planar array 276828-1 4

261714 4
Transmitter A 276266-2 5

261713 10

261711 10
Omnidirectional 261719 9
antenna A 261720 8
Transfer switch 261712-1 10

261712 11
Planar array 261714 4

261719-2 9




Table 2-2 (continued)

Subsystem or Classification; Control Iltem Serial
Control Item Description Part Number Number
Transmitter B 276266-1 2

261711-1 5
Omnidirectional 261720-1 8
antenna B 261719-1 17
261721-1 9
Accelerometer coaxial
cables
239013-8 16
239013-1 17
239013-2 18
239013-3 19
239013-4 20
239013-5 21
239013-6 22
239013-7 23




3.0 SYSTEM SUMMARY

3.1 SUMMARY OF SIGNIFICANT ANOMALIES

The anomalies that occurred during Mission B are summarized in
Table 3-1. For this report, an anomaly is defined as an unexpected occur-
rence that might be indicative of a spacecraft trouble or failure. The
anomalies are discussed in detail in the sections noted in this table.

Eight spacecraft anomalies were designated for the flight of SC-2.
The first six of these, as outlined in Table 3-1, would not have prevented
the completion of a successful mission. The failure of vernier engine 3 to
ignite resulted in an unsuccessful completion of the mission. The last
anomaly, in which a late shutdown was probably indicated for vernier
engine 1 during engine firing 27, could have resulted in loss of spacecraft
control.
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3.2 SYSTEM PERFORMANCE PARAMETERS

Performance parameters that could be determined through post-
mission analysis of spacecraft telemetry data are given in tables near the
beginning of each subsystem part of Section 5. The major or significant
system performance parameters are summarized in Table 3-2. Required
or predicted values for these parameters are included in this summary for
comparison purposes.

3.3 CONCLUSIONS AND RECOMMENDATIONS
3.3.1 Conclusions

Prior to the scheduled midcourse correction, the SC-2 flight was
uneventful. All spacecraft subsystems performed as designed except for a
few almost trivial instances (Table 3.1, number 1-6). At midcourse, the
spacecraft tumbled when only two of the three vernier engines ignited. After:
repeated nonstandard procedures could not regain control of the spacecraft,
ignition of the retro engine (while still 18 hours away from the lunar surface)
caused loss of spacecraft contact. The cause of the catastrophic failure of
vernier engine 3 is under continuing investigation.

3. 3.2 Recommendations

Table 3-3 is a summary of the status of Surveyor I recommendations.
Additional operational and procedural recommendations as a result of the
Surveyor II flight are made in each subsection of Section 5. The SC-2
recommendations are summarized in Table 3-4.



TABLE 3-2., SUMMARY OF SYSTEM PERFORMANCE PARAMETERS

Subsection
Parameter Reguired Source Predicted  [Source Artual Reference
[Overan 1 o |
7 Tnjected weight T2 s
2) Mission payloind weight 0 b s
3) Dry landed weight £ S s
Launch to injection
1} Launch time Between 263:11:46 Ziiw 2 diin
and 12:32 GMT
2) Spacecraft angular <30 deg/se 224510E I WHE deg fseu (pitch)f 5.5. 4.2
rates during boost b dey face (yaw)
3) Spacecralt angular 3.0 degisec 224510E th BL3 deglsec (pitch)f 5.5.3. 1
rates at separation
4) Tiree to null separation |<50 sceconds 224510E EEEIEEIE R B 5.5.4.2
rates
Separation to acquisitiun
1) Solar panel 624 secunds STV D osevninds 5.8.4.3
deploynient tiae 620 secnnds |STV
retest
2} Sun acqguisition ti 224510E (744 sveonds 5.5.3.1
3} Regquired maneuvers tu
acquire sun
Roll Tion degrews 5531
Yaw 15,9 degrees 5.5.3.1
4} Time of first DSS 263:12:55:00 269:12:94:55 5.3.4.2
visibility: Delta time
to:
One-way lock <12 minutes 224510E b e vnnds 5.3.4.2
Two-way lock <30 nites 224510E L0 inutes and 5.3.4.2
doses ondy
Transmission of <idaninutes 224510E H 21 s imes and 3.3.4.2
first command $E secimnds
5} Timwe of initiation of 2 hours prior to 224310E§ Launch + 6H iEDP LR EEERERT 3.5.4. 4
Canopus acquisition mideourse 180 (Lo BHEMASS)
6} Time required to <3Waninutes 224510E i 12 ninutes and 5.5.4. 4
acquire Canopus B s
7) Rull angle from: <360 degrecs 24T deprens 5.5,3.1
beginning of third 5.5 4.4
revolution to Canocpus
8) Total roll angle from <1080 0. deprecs 5.5.4. 4
beginning of mianeuver degrees |
to Canupus lockon
Coast Phasc :
1) Attitude urientation ;
Mean error fromn: <ih. 2 degree 224510E : thoAi? {prreh) 5.5.3. 1
sun line S0 fyaw 5.5.3.1
Mean error from «n. 2 degree 224%10E -0 04 froill 5.5.3.1
Canopus
2} Limit cycle-optical
mode
i Roll-averagy <0 b odepree 224510E n. 44 441 deuree 5.5.3.1
amplitude
Pitch-averape <0. 6 degree 224510E 0. 44 0,480 degree 5.5.3.1
amplitude
Yaw-average <0, & degree 224510E 0. 44 D470 degree 5.5.3.1
amplitude
Average period 224510E| 80 sew/ 63 secionlse 5.5.3.1
(timie between gas jet pulse
i pulses)
3) Gyro drift
Roll <l deg/hr 224510E b, 7 dewdhir $.5.3.1
Pitch <1 dey/hr 224510E 24 dey the 5.5.3.1
Yaw <l depihr 224510E . Lods e inr 5.5.3.1
4) Mean solar panei output 5% * 5 watls 224510E =RA walls 5.2.4.2
5) Mean OCR output =70 watty 5.2.4.2
Midcourse Correction
1} Premidcourse maneuver
angles
Raall fhoaid vy 5.5.3.1
Yaw P =l ceprees 5.5.3.1
2) Pointing avcuracy <17 depree error 224510E B degree (piteh) 5.5.3.1
0.k dogroec {yaw)
3) Midcourse engine R0 s nds 5.5.4.8
burn tinie
Postmidcourse
Tumble rate
Initial midcourse dar sieg sec 5.5.2
After 14. 5 niinutes AL e g TR 5.5 ¢
with gas jet daniping




TABLE 3-3.

STATUS OF SURVEYOR I RECOMMENDATIONS

Paragraph and

Itemization Numbers

in SSD6EBIBIR

Reconunendation
{sce reference for details)

Status

an)

4B)

6A)

6B}

TA)

7R)

)

94)

4B)

5)

&)

Redesign nmnidirectional antenna extend
tiechanisen

Revise calibration methods for spacecraft
receiver AGU signals.

Inclnde AGC in every cornmiitator roode,
Charnge Canopus sensor gain calibration,
Change dependent un whether fogging is
expected,

Revise paint pattern on auxiliary battery,

Gyro speed measurcnent 1miprovemen: or
deletion diaring test,

Change in postlanding TV picture mirror
scanning technigues

Additinnal DSIF station reports on phase
Jitter and AGC leve

SFOF digitized tapes should be used instead
of DSIF tapes whencever possible.

Reduction in number of 66-hour transit
phase averaged plots.

Copies of real-time SFOF teletype data and
bulk printer data made available for post-
ission analysis,

Closer coordination and exchange of
rudured fata between Hughes and JPL to
avoid excessive duplication of efforts,

Publish Quick look reports on SPAC and
FPAC activities, Flinunate postmission
analysis Quick Look Report,

Flhinvdnate frame-by-frame corrections fur
current differennal ammplificr calibrations,

Eliminate aatoinatic nnbalance current cor-
rectiuns for telemetry channels having a
capacitive outpul :nipedance

Additional unbalance current correction
dependent on commutator switch used for
telemetry signal.

Proper placetient of “end of file" marks
when digitizing raw telemetry tapes,

Proper discrinonator adjustment to avoid
Ubit slip ' when digitizing raw telemetry
tapes,

Modify refarmatier program to eliminate
addinon of fictitious time tags when time
coding on a digitized tape is noisy,

Maore timely transmittal of all DSIF telecome
nutnication parameters to postinisxion
analysis personnel,

Make available data on DSIF subcarrier
wscillators {frequency, when used. etc.),

I'V data be inade available 1n a more timely
manner to fully evaluate survey camera
performance,

Continue use of a "high sun' solar intensity
of 112 percent of vne sovlar constant {an
Eppley radionieter reading of 105 percent),

Investigatle battery paranielers Lo permit a
more accurate model of the state of charge,

FAT vibration levels should be reduced to
nate the actual Centaur

mare nearly approx

'
i wibration environment,

Change reliabibity noadel to allow for lessened
hoost vibration effects,

Change reliability model to allow for non-
standard procedures,

Revise A/SPP thernal prediction maodel,

Revise survey TV thermal model for pre-
diction of postlanded thermal performance,

Change accomplished un SC-2
Special calibration procedire to be fullowed
daring STV for $C-4 and fullowing spaceerafl

Inchuded in all modes except 3 for SC-8 and
following spacecraft.

Since potential fogging existed fur SC-2.
gain was changed to | 2 Canopis,

Paint changed on 30

Gyro spred signal prucessing channels were
improved for 5C-

Not applicable 1o §C-2; stall desired for
5C- 4 and suhsequent spacesrafl

Data will be supplicd at request of SPAG,

SFOF digitized tapes being ased

B6-hunr pluts not being made for tejen
signals fur which thesrs plots are not nsefnt,

Teletype data have bren made available
Bulk printer data have not been availablie
and are still desired,

Imiprovenents have boeen made and will
continge in the fature,

SPAC and FPAC reports are being pablished,
Earlier publication of reports is desirable

Since current anplifier gain was not so
stable on SC-2 as it was on SC-1, fran.
frame corrections were stll reguired

by -

Corrections have beer elinunared

Addifional correction not yet provided

Greater care has bheen taken an proper
placen.ent of these marks

“Bit 51ip” is still a problem,

This program featnre will be elinnrated for
SC-3 postmission data processing

Time of transimiy, . aas been nuproved

Data not available and are still desired

Not applicable ty SC-2, Still desired for
futiire missions,

Plans for future S['V tests assumie the same
test charber solar intensttics used un

SC-1 and S5C-2,

Model accuracy is being improved as inore
data becumne available,

FAT vibration levels have been reduced for
SC-2 and subsequent spacecraft,

Model is being iinproved as more data
brrome available,

Allowanuve for nonstandard procedures nat
yet inclided in uodel,

Revised model has heen developed based on
SC-1 performance data,

Model has been revised hased un SC-1 per-
formance data,




TABLE 3-4. SUMMARY OF SURVEYOR II RECOMMENDATIONS

Number Section Revonumundations

Spacevralt Design Change Recorsnmaiatians

t 5.1 Increase thermal dissipation capability of vermer engine 2 Jine heater.  Change nis already been accomplished (see
Fable 3.5, dispasition of TER [8253),
2 ! 5.3 Place temperature transducers on transinitter and receiver modules (hat e tie tespective VEXOs. This would

enable courreiation between frequencies and telanetered temperatnre date woonlos
and to update DSIE tracking predictions,

¢k prelaunch frequency reports

3 5.5 Mechauize wn-buaril vabibratiun for fhght control varables.
4 5.5 Mechamize sa-board lock tu standardize irassion tirne base.
5.5 Provide a ngnber of vontinious analog data channels (cog., FMIFM)
I3 5.5 Measure thrnst chansber pressure (all legs).
7 5.5 Measure shutoff valve (prapellant) inlet pressure (all legs) tor oxibzer and * o
8 5.5 Mecasure thrust conunand in terins of coil currents ratier than coil voltage drops

<
v
@

Samiple vernier engine stra:n gayes {(all legs) at as high a rate as possible inail miudes 1t these gages remain primary
measure of engine response.

5.5 Synchronise nagmtnde register start of countdown with telemetry word thno

11 5.5 Install a luwer transnussibiiity {ilter in the Cancpus sensor sun channed o sot cfeon: gain in vicinity of 1,10, This

chamge has bren ascoiupiisaed (see Table 3.1, dispusition of TFR 18247}

12 5.6 Make vernier line lemmperatures available during thrusting
13 5.6 i Make thrust crariber assembly {engine) temperatures avalable during thrust.og,
14 5.6 A fuel prossure (pressare tap in fuel line) measurement should be added i ne sornier eagine subsysten.

Operational Recolnmendations

L 5.3 Improved recovery of DSIF station data for uge in postmissivn analyses. Need caaliration data to translate oscillo-
graph deflections back to physical parameters in absclute cngineerisg units

2 5.5 (SFOF) - Add NASA tioe code {36 bit) to all SFOF data. Slow and fast cules suouid be provided for selection keyed
to recorder paper specd

3 5.5 (SFOF) Record SPAC signals {voltages) with widehand FM un maguetic tape with e code

4 5 (SFOF) - Provide dub copivs of all necessary magnetic tapes (digitai or analogd to Haghes

{SFOF) - Pruvide cupies of ail SPAC brush recordings to Hughes.

6 5.5 {SFOF) — Add a suflicient autuber of brush recurders to SPAC su that 90U ta 1 t uf quick-look analysis requiring
continususly recorded data can be performed independent of digital data proce

1 5.5 {SFOF) — Provide an electrical interlocked cvent marker on all brash recerders

8 5.5 {SFOF) - Provide i-second inarking pens on all brush vecorders,

) 5.5 (SFOF) - Standardize Lrush recorder paper speeds (1 and 5 mumi/sec are recis neded}

10 5.5 {SPAC) - Assign respunsibility for early termination of isddeonrse velocity viyrer hon fo une person in flight coatrol
area who would « onmunicate his decision directly ta the SPAC bus vhief.

11 5.5 (SPAC) - In cage varly teriuination of the mideourse velocily correclion is ruguirsd, prearrangements for necessary
termination cotmmand shanld be made, to be activated unmcdiately upun v squest of bus chief or his desigace,
without question,

Pustimission Duta Processing Rewoti e nbatlore

t 5.5 Graphic presentation uf data is reconunended as primary niode of dute prosentaticr . Backup with tables for use in
interpreting details ard checking questionable digital wara structure,

2 5.5 Pusat plots are preferred {fer derailed analysis. Staircase plots are adequass tir aeunty of analyses.

3 5.5 Time base should be s table and standardized for Like »vents.

4 5.5 Plot scaies and lirnits shocld be selected as a function of data (saniple rate rov siope), and should not be 'fleating

. ! Raw BCD salues shonld by plotted, unless utherwise speoibied
: Data values in hoth BUD and engineering units are required on tabalations.

5 5.5 Fortran data tape oulps: fror: reformatter program is reconunended,

6 5.5 Develop wethods 1or prodnciag wideband FM tapes of flight contral varialics

7 5.5 Expedite acyuisizion of DSIF data (telemetry vn magnetic tapesh, Assuine DSIF s proinary source of data with fithin
supplivd from the real-tinne (SFOF) data.

8 5.4 Process of decotninutating DSIF telemotry tapes should be changed to retric.e sible data.

Test and Pertormance Prediction Model Recotine siations

| 5.1 Probibo the attacluoent of wire harnesses with high emittance surfaves U Lines siuriesp solar thermal vacuur tests.

2 5.1 Pertorn: blacs spretion un anit Jeve! af flaghes after epusy applivainn dhol te tore vuring), Remove excess
cpuxy that wonid vonraminate the lines.

3 5.1 Perforn final black Lpht inspection on spacecraft before shipping tu AFETR.

+ 5.3 For recerver AGC, a systen: calibration should be made baring solar thermal vacuum tests.  Also, all applicable
preiaunch tests run al AFETR should check for AGC changes. This wouid a0 in pustmission analyses and may flag
impending receiver failures.

5 5.5 donble pulsing phenomenon {SC-i and SC-21.

6 5.6 Establish more stringent acceptance criteria during soiar thermal vasaun tesis o1 Line heaters. The criteria should

detect lines uperating in a marginal thermal environment,

3-6



4.0 SYSTEM PERFORMANCE ANALYSIS

4.1 INTRODUCTION

4, 1.1 GENERAL MISSION SUMMARY

At 05:32 PDT on 20 September 1966, the second Surveyor spacecraft
(SC-2) was launched from Cape Kennedy. Through the early stages of the
flight, overall spacecraft performance was excellent, with DSIF acquisition
and Canopus acquisition and verification being successfully accomplished.
However, approximately 16 hours and 28 minutes after launch, when the
command to ignite the three vernier engines was sent to the spacecraft as
part of the standard midcourse velocity correction sequence, vernier engine 3
did not respond properly. The thrust provided by vernier engines 1 and 2
resulted in spacecraft spin at approximately 1.22 rps. An initial attempt to
halt the spinning, with the cold gas jets being controlled by the flight control
subsystem operating in the rate mode, was terminated when it required
approximately 60 percent of the available gas supply to reduce the spin rate
to approximately 0. 97 rps, thereby indicating that the available gas supply
would not be sufficient to stop the spacecraft rotation. Because the space-
craft was spinning about an axis such that the sun was not in the upper
hemisphere of the vehicle, the solar panel was not illuminated, and the main
and auxiliary batteries were the only spacecraft power sources from this
point in the mission. Thirty-nine subsequent attempts to obtain normal firing
of vernier engine 3 were unsuccessful and resulted in the spacecraft rota-
tional rate being increased to a maximum of 2, 43 rps, With the available
power decreasing steadily, it was decided to fire the main retro engine at
L + 45HOM. Communication with the spacecraft was lost approximately
30 seconds following retro engine ignition.

4. 1.2 TRAJECTORY ANALYSIS

The earth track traced by Surveyor II is shown in Figure 4, 1-1.
Specific events, such as sun and Canopus acquisition, attempted midcourse
maneuver, and rise and set times for the DSIF stations, are also shown.
Figures 4.1-2, 4.1-3, and 4. 1-4 show the trajectory path on the stereo-
graphic projection of DSS-51, -11, and -42, In Table 4.1-1, premidcourse
injection and terminal conditions have been tabulated. These results were
obtained several days after the mission and are considered final.

4.1-1
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Figure 4.1-2. AZ-EL and HA-DEC Coordinates Stereographic Projection,
DSS 51, Johannesburg
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The predicted premidcourse view periods for the three committed
tracking stations are shown in Table 4. 1-2. The rise and set criteria are
included under the column marked "Event.'" This table shows that Tidbinbilla,
Australia, did not see the spacecraft until late in the flight. Some trajec-
tories yield a small view period for this station during the first Johannesburg
pass. The time periods during which each tracking station received data
from and controlled the spacecraft are also shown in this table.

Figures 4.1-5 and 4. 1-6 are plots of probe geocentric radius and
velocity as a function of time from launch, Figure 4.1-7 shows the earth-
probe-moon, sun-probe-moon, and earth-probe-sun angles versus time
from launch. Figure 4.1-8 shows the cone and clock angles as a function of
time. The coordinate system is defined on the figure. In the normal cruise
mode, the spacecraft -Z axis is aligned to the sun and the -X axis to the pro-
jection of Canopus,

Figure 4. 1-9 illustrates the Centaur and Surveyor trajectories. The
projection of earth trajectory is plotted on the earth's equatorial plane. The
best estimate of the Centaur injection conditions was obtained from AFETR,
Although considered poor (lo velocity error = 13 m/sec), these conditions
are the best available, They were mapped out to 5 hours, and the Centaur/
Surveyor separation distance was calculated to be 680 kilometers. A mis-
sion design constraint states that the separation distance must be 335 kilom -
eters by at least 5 hours after injection to eliminate possible Centaur
interference during Canopus acquisition., Therefore, using this '""poor' set
of Centaur injection conditions, the constraint is well satisfied.

4.1.3 SUMMARY OF DEVIATIONS FROM EPD-180

Significant changes in procedure from the prepared standard mission
sequence documented in Engineering Planning Document EPD-180, revision
S/MB, were as follows:

1) L + 45M: did not send cruise mode on command because star
intensity signal indicated that an object was in the Canopus sensor
field of view,

2) L + 4H33M: when transferring from DSS-51 to DSS-72, decreased
bit rate to 137.5 bits/sec due to lower gain antenna at DSS-72,

3) L + 6H6M: unscheduled use of manual lockon to acquire Canopus
was necessary instead of automatic star acquisition mode.

4) L + 9H46M: reduced bit rate to 17. 2 bits /sec when DSS-51 lost
visibility of spacecraft and had to transfer to DSS-72

5) L + 13H6M: did an "in-flight" calibration of receiver B automatic
gain control.
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There were no other significant deviations until midcourse thrust
correction was initiated, after which point Mission B consisted of all non-
standard sequences. Some of the most important sequences of the postmid-
course period are given in Table 4. 1-3, A complete list of all vernier
engine firings, with supplementary data on the spacecraft spin rate, is
found in Table 4. 1-4. Finally, all periods when flight control power was
turned off (never occurs in a standard flight) are given in Table 4. 1-5, -

4. 1.4 SPACECRAFT EVENTS SUMMARY AND COMMAND LOG

In the preceding subsection, data concerning nonstandard events was
presented, much of which will be required (especially the vernier burn sum-
mary) to follow the analyses that are presented in the remainder of the report,
In the tables that follow, all other data of general interest will be given.
Table 4. 1-6 lists major spacecraft events, although detailed event logs will
also be found in most of the subsystem analysis sections, Tables 4. 1-7 and
4.1-8 give listings of all transmitter high power and thrust power intervals.
Finally, the complete postlaunch command sequence, compiled from DSS
digital command tapes (and thus accurate only within a 1-second interval),
will be found in Table 4. 1-9. A complete mode and bit rate summary has
not been given here, since this will be found in the RF data link discussion
(Section 5.3), combined with a configuration log of that subsystem.
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TABLE 4.1-3,

SUMMARY OF POSTMIDCOURSE DEVIATIONS
FROM EPD-180

Mission Time

Decision/Qutput

Reason

1.+ 18H56M
1. + 19H18M

I, + 26H1ZM

31HI2M
- 35HZM

36H28M
37H29M
38H45M
39H45M

ol el el e o
+ o o s

38HI3M
38HI9M

o
4+ -

L+ 41HLIM

L+ 42H22M

I. + 43H13M

L+ 441141M

L + 44H48M

L + 44H59M

L + 45HZM

Two additional 2-second firings
were commanded.

A sequence was initiated in which
flight control coast phase power .
was turned off periodically. Power
on for approximately 40 minutes
and off for approximately 90
minutes.

Pulsed fire the engines five times
with a 0, 2-second period for firing
and a 5-minute interval between
firings.

Commanded deployment of planar
array upward from its launch
position,

Commanded retro sequence mode
on and emergency retro eject,

By ground command, unlock solar
panel squib was blown.

Pulse firing engines five times
(0.2 second for each firing) with

1 minute between firings, followed
by a 20-second firing in the post-
retro eject mode.

Initiated helium dumping sequence,

Flight control thrust phase power
and RADVS were turned on,

RADVS was turned off in accord-

ance with the direction of the SFOD.

Emergency AMR signal was sent
to the spacecraft to initiate the
retro engine firing sequence.

To attempt to clear vernier
engine 3 problem,

To conserve energy.

To attempt to clear vernier
engine 3 problem,

To illuminate solar panel for
following reasons: 1) to get more
energy for the spacecraft, and

2) to illuminate secondary sun
sensor cells to help in establishing
spacecraft orientation.

To achieve a higher thrust level
with less rise-time by placing
flight control subsystem in the
postretro eject mode,

In an attempt to step solar panel
in another effort to illuminate
secondary sun sensor cells,

To attempt to clear vernier
engine 3 problem,.

To obtain a calibration curve of
pressure decay as function of time
in order to determine whether
zero-shift had occurred in helium
pressure telemetry signal.

To determine if battery was capa-
ble of supplying power under
terminal descent heavy load
conditions,

Bus voltage had dropped from 19, 4
to 17. 3 volts, with a load of 47
amperes on the battery.

To fire main retro engine in normal
descent mode .
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TABLE 4. 1-4. VERNIER ENGINE IGNITION SUMMARY
Burn Transmitter |[Tumbling
Burn Ignition Time, Time, Telemetry | Bit Rate, and Rate,
Number | day:hr:min:sec | seconds | Station Mode hits/sec | Power Mode rpm
1 264:05:00:02 9. 825 DSS-11 1 4400 B-Hi 50
2 264:07:28:25 1.975 | DSS-42 1 1100 B-Hi
3 264:07:50:03 1.975 DSS-42 1 1100 B-Hi 57
4 264:19:44:59 0.225 DSS-51 1 137 B-Lo
5 264:20:07:05 0.225 DSS-51 1 137 B-Lo
6 264:20:35:20 0.225 DSS-51 1 137 B-Lo
7 264:20:55:06 0.225 DSS-51 1 137 B-Lo
8 264:21:15:12 0.225 DSS-51 1 137 B-Lo 58
9 264:23:33:23 1. 975 DSS-11 1 1100 B-Hi 60
10 265:01:00:34 0.225 DSs-11 1/5 137 B-Lo
11 265:01:05:42 0.225 DSS-11 1/5 137 B-Lo
12 265:01:09:23 0.225 DSS-11 1/5 137 B-Lo
13 265:01:14:41 0.225 DSs-11 /s 137 B-Lo
14 265:01:19:46 0.225 Dss-11 1/5 137 B-Lo
15 265:01:28:11 1.975 DSs-11 1/5 L1D0 B-Hi 70.5
16 265:02:01:19 0.225 DSs-11 1/5 137 B-Lo
17 265:02:08:11 0.225 DSS-1i1 1/5 137 B-Lo
18 265:02:13:34 0.225 DSS-11 1/5 137 B-Lo
19 265:02:19:37 0.225 DSS-11 1/5 137 B-Lo
20 265:02:26:06 0.225 DSs-11 1/5 137 B-Lo
21 265:02:39:14 1. 975 DSS-11 1/5 L1I0o B-Hi 75
22 265:03:17:24 0.225 DSS-11 1/5 137 B-Lo
23 265:03:23:53 0.225 DSs-11 1/5 137 B-Lo
24 265:03:29:07 0.225 DSS-11 1/5 137 B-Lo
25 265:03:34:33 0.225 DSS-11 1/5 137 B-Lo
26 265:03:39:07 0.225 DSS-11 1/5 137 B-Lo
27 265:03:47:56 1.975 DSs-11 1/5 LG B-Hi 80
28 265:04:17:31 0.225 DSs-11 1/5 137 B-Lo
29 265:04:23:53 0.225 DSS-11 1/5 137 B-Lo
30 265:04:29:51 0,225 DSS-11 L/5 137 B-Lo
31 265:04:35:34 0.225 DSS-11 1/5 137 B-Lo
32 265:04:41:20 0.225 DSS-11 1/5 137 B-Lo
33 265:04:56:12 1.975 DSS-11 1/5 1100 B-Hi 85. 6
34 265:05:43:19 2. 5% DSS-11 6 1100 B-Hi 92.3
35 265:07:45:00 0,225 DSS-42 1 LL00 B-Hi
36 265:07:46:12 0.225 DSS-42 1 1100 B-Hi
37 265:07:47:15 0.225 DSS-42 1 L1100 B-Hi
38 265:07:48:18 0.225 DSS-42 1 L100 B-Hi
39 265:07:49:25 0.225 DSS-42 1/5 1100 B-Hi
40 265:08:05:12 | 21.5% DSS5-42 6 1100 B-Hi 128
41 265:09:31:59 - DSS-42 5/2 1100 B-Hi

*High thrust.
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TABLE 4, 1-5,

FLIGHT CONTROL POWER OFF PERIODS

Mission

Time Off, Time Off, GMT, Time On, GMT, Total Off Time,
hr:min day:hr:min:sec hr:min:sec hr:min:sec
21:48 264:10:19:43 12:05:57 1:46:14
25:15 13:47:16 15:09:24 1:22:08
28:55 17:26:48 17:51:50 0:25:02
38:11 265:02:43:07 03:15:49 0:32:42
39:20 03:51:34 04:15:55 0:24:21
40:27 04:59:16 05:30:18 0:31:02
41:17 05:48:51 07:34:49 1:45:58
43:38 08:10:28 09:13:00 1:02:32
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TABLE 4. 1-6.

MAJOR SPACECRAYT EVENTS

Time, GMT,
day:hr:min:sec

Mission Time,
hr:min:sec

Event

263:12:31:59. 8 $60:00:00 Liftoff (Note: this report will use 12:32:00
for simplicity)
12:34:56 00:02:56 Insulation panelei“t-ttison
12:43:51 00:11:51 Extend legs command, Centaur
12:44:01 00:12:01 Extend omni command, Centaur
12:44:21 00:12:21 Transmitter high power command, Centaur
12:44:26 00:12:26 Separation signal (M-9)
12:44:34 00:12:34 Solar panel unlock and step
12:45:18 00:13:18 Start of sun acquisition roll
12:48:13 00:16:13 Primary sun sensor lockon
12:50:34 00:18:34 Solar axis lock; begin roll axis step
12:54:46 00:22:46 Roll axis lock
18:37:34 06:05:34 Start of roll for star map
16:09:38 06:37:38 End of roll (cruise mode on)
19:11:57 06:39:57 Manual Canopus acquisition
19:26:24 06:54:24 Begin gyro drift check
21:35:22 09:03:22 Complete gyro drift check
21:39:23 09:07:23 Reacquire Canopus
264:01:38 13:06 Special receiver test (AGC calibration)
03:07:43 14:35:43 Gyro speed check
04:44:00 16:12:00 Premidcourse sur and roll maneuver
04:48:05 16:16:05 Premidcourse yavs maneuver
04:53:38 16:21:38 Pressurize helium, unlock roll actuator
05:00:02 16:28:02 Midcourse velocity correction
05:03:48 16:31:48 Rate mode on
05:14:29 16:42:29 Inhibit gas jets
11:41:09 23:09:09 Auxiliary battery mode selected
265:02:44:58 38:12:58 Unsuccessful attempt to step polar axis
06:54:33 42:22:33 Solar panel unlocked; slips 20 degrees
09:13:16 44:41:16 Helium dumped
09:19:57 44:47:57 RADVS turnon
09:22:16 44:50:16 Begin power mode switching
09:30:09 44:58:09 RADVS off
09:30:33 44:58:33 Enable gas jet amplifiers
09:32:19 45:00:19 Telemetry mode 2 on for terminal descent
09:34:17 45:02:17 Emergency AMR command
09:34:27.2 45:02:27 Vernier engine ignition
09:34:28. 6 45:02:29 Retro engine ignition
09:35:00 45:03:00 Loss of data and spacecraft control
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TABLE 4, 1-8.

THRUST PHASE POWER ON PERIODS

Mission

Time On, Time On, GMT, Time Off, GMT, Delta Time,

hr:min day:hr:min:sec hr:min:sec min:sec Event
16:22 264:04:54:20 05:00:41 6:21 Midcourse
18:53 07:25:02 07:28:33 3:31 Burn 2
19:17 07:49:06 07:50:18 1:12 3
31:11 19:43:34 19:46:01 2:27 4
31:24 20:05:47 20:07:41 1:54 5
32:02 20:33:43 20:35:58 Z2:15% 6
32:21 20:53:23 20:55:37 Z2:14 7
32:40 21:12:04 21:15:38 3:34 8
35:01 23:32:35 23:33:40 1:08 9
36:28 265:01:00:06 01:00:47 0:41 10
36:33 01:05:24 01:05:53 0:26 11
36:37 01:09:05 01:09:32 0:27 12
36:42 01:14:24 01:14:50 0:26 13
36:47 01:19:31 01:19:56 0:25 14
36:55 01:27:30 01:28:27 0:57 15
37:29 02:00:45 02:01:32 0:47 16
37:35 02:07:29 02:08:19 0:50 17
37:41 02:13:14 02:13:42 0:28 18
37:47 02:19:21 02:19:44 0:23 19
37:54 02:25:47 02:26:13 0:26 20
38:07 02:38:48 02:39:27 0:39 21
38:45 03:17:06 03:17:36 0:30 22
38:51 03:23:27 03:24:01 (.34 23
38:57 03:28:55 03:29:16 0:21 24
39:02 03:34:24 03:34:42 0:18 25
39:07 03:38:53 03:39:14 g:2 26
39:15 03:47:35 03:48:06 0:31 27
39:45 04:17:11 04:17:40 0:29 28
39:52 04:23:38 04:24:00 0:22 29
39:58 04:29:36 04:30:00 0:24 30
40:03 04:35:18 04:35:41] 0:23 31
40:09 04:41:04 04:41:26 0:22 32
40:23 04:55:26 04:56:21 0:55 33
41:10 05:41:34 05:43:47 13 34
43:13 07:44:36 07:49:31 4:35 35 - 39
43:33 08:04:31 08:05:45 1:14 v 40
44:47 09:19:06 (09:35) 15:54 RADVS and retro fire
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TABLE 4.1-9.

COMMAND SEQUENCE

OMT, GMT,
hrimin:sec Command Function hrimin:sec Command Function
Day 263 - D8S-51
13:16:33 0107 XMTR Hi Pwr off 19:22:13 o110 Xmtr Fil Pwr Off
17:07 o110 XMTR Fil Pwr off 22:14 0130 Xfer Sw B Lo Pwr
17:08 0130 XFER Sw B Lo Pwr 26:24 0700 Inertial Mode on
18:45 0623 Accel. Amps 1-4 off 21:35:22 0704 Cruise Mode
18:46 0316 Solar Panel Deploy Loglc 39:23 0716 Manual Lock on
off 47:54 0505 17.2 bits/sec
18:46 0522 Prop Strain Gage Pwr off 50:06 0204 Coast 8 Clock Rate
18:47 0512 Aux Accel Amp 5-8 off 50:31 0220 7.35 ke SCO off
18:47 0516 T.D. Strain Gage Pwr off 50:53 0501 560 cps SCO on
e 0402(10) | Step Solar Panel minus Day 263 - DSS-11
20:21 23:11:54 0502 560 cps SCO off
20:21 12:02 0216 7.35 kc SCO on
25?23 0401(5) Step Solar Panel plus 12:10 0205 1100 bits/sec
21:44 40:31 o510 AESP off
to 0405(10) | Step Roll Axis plus 40:40 0231 Mode 4 on
1:49 44:45 0227 Mode 2 on
St 0406(5) | Step Roll Axis minus 47:46 0232 ESP off
21:51 47:53 0506 Mode 5 on
26:19 0510 AESP off Day 264 - DSS-11
26:29 0226 Mode 1| on 02:54:44 0510 AESP off
29:26 0237 Lo Mod Index SCO off 54:51 0231 Mode 4 on
29:26 0216 7.35 kc SCO on 59:37 0510 AESP off
29:27 0205 1100 bits /sec 59:44 0231 Mode 4 on
32:51 0231 Mode 4 on 03:02:28 0227 Mode 2 on
34:50 0227 Mode 2 on 04:08 0226 Mode | on
37:37 0230 Moaode 3 on 05:41 0232 ESP off
39:24 0232 ESP off 05:49 0506 Mode 5 on
39:31 0506 Mode 5 on 07:42 0220 7.35 ke SCO off
41:19 0126 Xfer Sw A Lo Pwr 07:43 0221 Gyro Speed Sig Pwr on
16:38:38 0504 137. 5 bits/sec 09:05 0222 Next Gyro
38:56 0204 Coast 4 Clock Rates 10:06 6222 Next Gyro
39:13 0220 7.35 ke SCO off 10:31 0222 Next Gyro
39:29 0500 960 cps SCO on 13:07 0223 Gyro Speed Sig Pwr off
18:01:26 0502 960 cps SCO off 13:18 0216 7.35 ke 8CO on
01:34 0216 7.35 ke 8CO on 04:14:00 0510 AESP off
01:45 0205 1100 bits/sec 14:08 0231 Mode 4 on
09:31 0510 AESP off 15:51 0227 Mode 2 on
09:41 0231 Mode 4 on 18:10 0226 Mode 1 on
13:25 0227 Moaode 2 on 34:55 0105 Xmtr B Fil Pwr on
20:15 0226 Mode | on 36:43 oL27 Xfer Sw B Hi Pwr
24:35 0232 ESP off 36:44 0106 Xmtr B Hi Volt on
24:43 0506 Mode 5 an 37:36 0220 7.35 ke SCO off
28:59 0105 Xmtr B Fil Pwr on 37:45 0217 33 ke SCO on
30:46 0127 Xfer Sw B Hi Pwr 37:53 0206 4400 bits /sec
30:46 0106 Xmtr Hi Volt on 40:58 0710 Pos Angle Maneuver
33:01 0124 Xpndr Pwr off 41:16 3617 Interlock
34:19 0704 Cruise Made on 41:16 MI1331 Magnitude (377 counts)
34:19 0715 Man Delay Mode on (75.47)
34:20 0710 Pos Angle Maneuver 44:00 o714 Sun and roll
37134 0714 Sun + Roll 47:15 3617 Interlock
54:45 0120 Omni A 47:16 M2111 fvl{zlntg]n‘:)ty)de (553 counts)
19:06:37 olz1 Omni B 48:05 0713 4 Ya'w
09:38 0704 Crulse Mode on 52:22 0521 | Prop Strain Gage Pwr on
11:57 0716 Manual Lock on
14:21 0123 Xpndr B Pwr on
22:05 0107 Xmtr Hi Voltage off
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Table 4.1-9 (continued)

GMT,
hrimin:sec

Consmand

Function

GMT

B

hrimin:sec

Craviiiand

Function

04:52:22
52:35
53:37
53:38

54:20
54:47
54:48

05:00:01
00:02
00:13
00:14
00:41
00:42
00:53
00:54
00:54
00:55
03:48
14:29
19:23
20:21
20:31
20:38
23:02
23:12
23:17
29:20
29:36
29:51
31:46
48:43
48:50

Day 264 - DSS-42

07:16:36
18:28
19:16
21:08
21:23
22:086
22:20
22:31
22:46
23:10
23:11

25:02
26:28
26:31
28:24
28:25
28:28
28:33

0700
0720
3617
0605

0727
3617
MO60S

3617
0721
0732
0735
0737
0737
0522
0512
0516
0205
0701
0707
0503
0204
0220
0215
0107
0110
0130
0504
0220
0500
0227
0232
0506

0105
0127
0103
0502
0216
0203
0510
0226
0521
3617
MOC110

0727
3617
0735
3617
0721
0735(2)
0737(2}

Inertial Mode on
Reset Group IV
Interlock

Unlock R. Act., Pressur-
ize He

FC Thrust ¢ Pwr on
Interlock

Magnitude (1937 counts)
(9.85 Sec)

Interlock

M/C Correction

M/C Terminate

M/C Terminate
Thrust 2 Pwr off
Thrust ¢ Pwr off

Prop Strain Gage Pwr off
Aux Accel Amp 5-8 off
T.D. Strain Gage Pwr off
1100 bits {sec

Rate Mode on

Inhibit Gas Jet Amps
550 bits/sec

Coast # Clock Rates
33 kc SCO off

3.9 ke SCO on

Xmitr B Hi Pwr off
Xumtr Fil Pwr off

Xfer Sw B Lo Pwr

137 bits/see:

3.9 ke SCO off

960 cps SCO on

Mode 2 on

ESP off

Mode 5 on

Xwmtr B Fil Pwr on

Xfer Sw B Hi Pwr

Xnitr Hi Volt on

460 cps SCO off

7.35 kc SCO on

1100 bitssec

AESP off

Mode 1 on

Prop Strain Gage Pwr on
Interlock

Magnitude (40 counts)
(2.0 Sec)

FC Thrust ¢ Pwr on
Interlock

Terminate M/C
Interlock

M/C Correction (2)
Terminate M/C

Thrust & Pwr off

07:29:5

30:
30:
30:

481
44
41

11

36

11:31:
41t
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oz2n
9213
n204
05403
0232
0506
0504
D220
D500
0107

G220
0z15
0204
0503
0232
0506
0504
0220
0500
0107
31390
110

(2}
(2)

7.35 ke SCO off
3.9 ke SCO on
Coast 4 Clock Rates
550 bits/sec

ESP off

Mode S on

137. 5 bits/sec

7.35 & 3.9 kc SCOs off
960 cps SCO on
Xmtr Hi Volt off
Xfer Sw B Lo Pwr
Xmtr Fil Pwr off
Xmtr B Fil Pwr on
Xfer Sw B Hi Pwr
Xmtr Hi Volt on
960 cps SCO off
7.35 ke SCO on
1100bits /sec
AESP off

Mode 1

Prop Strain Gage Pwr on
Interlock

Magnitude (40 counts)
(2. 0 Sec}

FC Thrust 2 Pwr on
Interlock

M/C Correction (3}
Terminate M/C
Thrust ¢ Pwr off
7.35 ke SCO off
3.9 ke SCO on
Coast ¢ Clock Rates
550 bits/sec

ESP off

Maode 5

137. 5 bits/sec

3.9 SCO off

960 cps SCO on
Xmtr Hi Volt off
Xfer Sw B Lo Pwr
Xmtr Fil Pwr off
Prop Strain Gage Pwr off
Interlock

FC Pwr off

AESP off

Mode 4 on

Mode 2 on

ESP off

Mode 5 on

Aux Batt Mode on
AESP off




Table 4.1-9 (continued)

GMT, T GMT,
hr;min;sec Command Function hr;min;sec Command Function
L1:41:44 0231 Mode 4 20:02:12 0226 Maode 1 on
52:14 0227 Mode 2 02:49 0521 Prop Str Gage Pwr on
12:04:28 0232 ESP off 03:50 3617 Interlock
04:36 0506 Mode 5 03:50 MOQ005 Magnitude (5 counts)
05:57 0300 FC Pwr on (0.25 See)
12:12 0120 Omni A 05:47 0727 FC Thrust ¢ Pwr on
15:00 o121 Omni B 07:04 3617 Interlock
13:22:14 0510 AESP off 07:05 0721 M/C Correction (5)
22:26 0231 Mode 4 07:06 0735(2) | Terminate M/C
37:08 0227 Mode 2 07:41 0737(2) | FC Thrust ¢ Pwr off
41:25 0232 ESP off 09:42 0232 ESP off
41:33 0506 Mode 5 09:50 0506 Mode 5 on
47:15 3617 Interlock 2747 o510 AESP off
47:16 0311 FC Pwr off 28:32 0226 | Mode L on
Day 264 - DSS-51 29:34 0521 Prop Str Gage Pwr on
15:09:24 0300 FC Pwr on 32:41 3617 Interlock
16:30 0510 AESP off 32:42 M0005 (Moagrsntsw.\edcfj (5 counts)
L6:dd 0226 Mode L on 33:43 0727 FC Thrust ¢ Pwr on
28:56 0105 Xmtr B Fil Pwr on 35:20 3617 Interlock
30:48 OLZ7 | Xfer B Sw Hi Pwr 35:20 0721 M/C Correction (6)
30:57 0106 | Xmtr Hi Volt on 35:21 0735(4) | Terminate M/C
36:03 0502 960 cps SCO off 35:58 0737(2) | FC Thrust ¢ Pwr off
36:15 0216 7.35ke SCO on 37:21 0232 ESP off
36:34 0205 1100 bits/sec 37:28 0506 Mode 5 on
47:33 0504 137.5 bits/sec 46:09 0510 AESP off
48:02 0204 Coast ¢ Clock Rates 46:24 0226 Mode 1 on
48:18 0220 7.35 ke SCO off 47:28 0521 Prop Str Gage Pwr on
48:34 0500 960 cps SCO on 48:37 3617 Interlock
48:51 0107 Xmtr Hi Volt off 48:38 M0005 0.225 Sec.
49:31 0l10 Xmtr Fil Pwr off 52:09 3617 Interlock
49:38 0130 | Xfer Sw B Lo Pwr 52:09 M0005 | Magnitude {5 counts)
50:23 0232 ESP off (0. 25 Sec)
50:39 0506 Mode 5 on 53:23 0727 F/C Thrust ¢ Pwr on
17:26:47 0000 55:06 3617 Interlock
26:48 0311 All FC Pwr off 55:06 0721 M/C Correction (7)
28:07 3617 Interlock 55:07 0735(3) | Terminate M/C
28:08 0311 All FC Pwr off 55:37 0737(2) | FC Thrust ¢ Pwr off
51:50 0300 FC Pwr on 56:18 0232 ESP off
19:34:35 0510 AESP off 56:27 0506 Mode 5 on
35:18 0226 Mode 1 on 21:10:41 0510 AESP off
36:01 0521 Prop Str Gage Pwr on 10:51 0226 Mode 1 on
37:58 3617 Interlock 11:16 0521 Prop Str Gage Pwr on
37:59 MO0005 Magnitude (5 counts) 11:40 3617 Interlock
(0.25 Sec) 11:40 MO0005 Magnitude {5 counts)
43:34 0727 FC Thrust 3 Pwr on {0. 25 Sec)
44:58 3617 Interlock 12:04 0727 FC Thrust 3 Pwr on
44:59 0721 M/C Correction (4) 15:1T1 3617 Interlock
45:00 0735(3) | Terminate M/C 15:12 0721 M/C Correction (8)
46:01 0737(2) | ¥C Thrust ¢ Pwr off 15:12 0735(3) | Terminate M/C
49:30 0232 ESP off 15:38 0737(2) | FC Thrust 4 Pwr off
50:06 0506 Mode 5 on 16:43 0232 ESP off
20:01:43 0510 AESP off 16:53 0506 Mode 5 on
27:44 0320 Enable Batt Xfer Logic
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Table 4.1-9 (continued)

GMT, GMT,
hr :min:sec Conimand Function hrimin:sec Conimand Function
Day 264 - DSS-61
22:42:23 0522 Prop Str Gage Pwr off 01:00:44% 0737 Thrust ¢ Pwr Off
42:37 0516 Str (jage Pwr off 09:54 522 Prop Strain Gage Pwr
42:50 0512 Aux Accel Amp 5-8 off oit
Day 264 - DSS-11 Gz d a2 Aux Accel Amp 53-8 Off
23:18:16 0105 | Xiutr B Fil Pur on 01:05 us16 | T D Strain Gage Pwr
19:58 oL27 Xifr Sw B Hi Pwr Dl:12 nese ESP Off
20:02 o103 Xrtr Hi Volt on 01:20 1506 Mode 5 On
22:17 0502 260 cps SCO off 04:38 510 AESP Off
22:26 0217 £ ke SCO on 04:43 L ozze Mode 1 On
22:35 0206 400 bis [sec 04:44 Lol Prop Strain Gage Pwr
23:35 0510 AESP off On
23:47 0226 Maode 1 on 05:00 617 Interlock
23:59 0521 Prop Strain Gage Pwr on 05:00 V005 Magnitude (5 counts)
24:42 3617 Interlock (0.25 Sec)
24:42 MOL1G Magnitude (40 counts) 05:24 0727 FC Thrust 3 Pwr On
(2.0 Sec) G5:42 aaw Interlock
28:08 0205 1100 bits /sec 05:42 0721 M/C Correction (11)
29:38 0220 13 ke SCO off 05:45 n735(2) | Terminate M/C
29:49 0216 7,45 ke SCO on 05:53 0737(2) { Thrust 3 Pwr Off
32:35 0727 FC Thrust ¢ Pwr on 06:00 us2e Prop Strain Gage Pwr
33:22 3el7 Interlock Off
33:23 0721 M/C Correction (9) 0606 0512 Aux Accel Amp 53-8 Off
33:27 0735(2) | Terminate M/C 0610 3l6 ZHD. Strain Gage Pwr
33:40 0737(2) | Thrust ¢ Pwr off 06116 5232 ESP off
33:52 0512 Aux Accel Amp 5-8 off 06122 3506 Mode 5 On
33:53 0516 T.D. Strain Gage Pwr off 01123 1510 AESP Off
33:53 D205 1100 bics /sec 082w U226 Mode 1 On
3di24 023z ESP off 0R134 521 Prop Strain Gage Pwr On
34:33 0506 Mude 5 un 08146 1617 Interlock
38:46 0510 AESP off 0817 MOO05 Magnitude (5 counts)
34:51 0231 Mode 4 on (0.25 Sec)
40:17 n232 ESPE off [N 0727 FC Thrust ¢ Pwr On
40:22 0506 Muode 5 on Du2s 617 Interlock
40:42 0504 1+7. 5 bits/sec [\EREA) 3721 M/C Correction {12)
40:51 0220 7,45 ke SCO off [SERFAS 0735(2) | Terwminate M/C
40:58 0500 960 ¢ps SCO on 09:32 5737(2) | Thrust # Pwr Off
42:40 0204 Coast ¢ Clock Rates Qu:3u 0522 Prop Strain Gage Pwr Off
43:31 0107 Xmtr Hi Volt Off D844 0512 Aux Accel Amip 5-8 Off
43:35 0130 X{r Sw B Lo Pwr 0% 0516 T.D. Strain Gage Pwr Off
43:40 0l1l0 Xmtr Fil Pwr Off 049 n232 ESP Ofi
Day 265 - D8S-11 506 Mode 5 On
00:59:21 0510 AESP Off 13:4 ts1o AESP Off
59:27 0226 Mode 1 On L3 0226 Mode | On
59:36 0521 Prop Strain Gage Pwr On 13:5 0521 Prop Strain Gage Pwr On
59:46 3617 Interlock 14:04 1617 Interlock
59:46 MO0O005 Magnitude (5 counts) 14:04 NG00 Magnitude (5 counts)
{0.25 Sec) (0. 25 Sec)
01:00:06 0727 FC Thrust ¢ Pwr On 14:24 0727 FC Thrust 4 Pwr On
00:33 3617 Interlock 14:41] 3617 Interlock
00:34 0721 M/C Correction (10) 14:41 0721 M/C Correction {13)
00:37 0735 Terminate M/C s 1735(3) | Terminate M/C
00:37 0735 Terminate M/C 100 0737(2) 7 Thrust ¢ Pwr Off
00:38 0735 Terminate M/C 14:56 us22 Prop Strain Gage Pwr Off
00:47 0737 Thrust ¢ Pwr Off 1502 sl Aux Acvel Amp 5-8 Off
15:06 0316 T.D. Strain Gage Pwr Off
I5:11 0232 ESP Oif
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Table 4.1-9 (continued)

GMT, GMT,
hrimin:sec Command Function hr:min:scc Command Function
01:15:17 0506 Mode 5 On 01:59:59 0226 Mode 1 On
18:21 0510 AESP Off 02:00:09 0521 Prop Strain Gage Pwr On
18:26 0226 Mode 1 On 00:35 3617 Interlock
14:33 0521 Prop Strain Gage Pwr On 00:36 M0005 Magnitude (5 counts)
18:41 3617 Interlock (0.25 Sec)
18:42 MO005 Magnitude (5 counts) 00:45 o727 FC Thrust ¢ Pwr On
{0. 25 Sec) 01:19 3617 Interlock
19:31 0727 FC Thrust ¢ Pwr On 0L:19 @721 M/C Correction (16)
19:45 3617 Interlock oL:21 0735(3) Terminate M/C
19:46 0721 M/C Correction (14} 01:32 0737(2} Thrust # Pwr Off
19:48 0735(3) Terminate M/C 01:43 0522 Prop Strain Gage Pwr Off
19:56 0737(2) Thrust 4 Pwr Off 01:49 0512 Aux Accel Amp 5-8 Off
20:03 0522 Prop Strain Gage Pwr Off 01:53 0516 T.D. Strain Gage Pwr Off
2(:08 0512 Aux Accel Amp 5-8 Off 01:58 0232 ESP Off
20:13 0516 T.D. Strain Gage Pwr Off 02:06 0506 Mode 5 On
20:20 0232 ESP Off 06:53 0510 AESP Off
20:25 06506 Mode 5 On 07:00 0226 Mode 1 On
21:36 0105 Xmtr B Fil Pwr On 07:11 0521 Prop Strain Gage Pwr On
23:52 0127 Xfr Sw B Hi Pwr 07:22 3617 Interlock
24:02 0103 Xmtr Hi Volt On 07:22 M0005 Magnitude (5 counts)
24:22 0502 960 cps SCO Off (0.25 Sec)
24:47 0216 7.35 ke SCO On 047:29 0727 FC Thrust ¢ Pwr On
25:06 0205 1100 bits /sec 08:11 3617 Interlock
25:37 0510 AESP Off 08:11 0721 M/C Correction (17)
25.53 0226 Mode 1 On 08:13 0735(3) Terminate M/C
26:23 0521 Prop Strain Gage Pwr On 08:19 0737(2) Thrust g Pwr Off
27:06 3617 Interlock 08:26 0522 Prop Strain Gage Pwr Off
27:07 MO110 Magnitude {40 counts) 08:31 0512 Aux Accel Amp 5-8 Off
(2.0 Sec) 08:35 0516 T.D. Strain Gage Pwr Off
27:30 0727 FC Thrust 3 Pwr On 08:40 0232 ESP Off
28:11 3617 Interlock 08:47 0506 Mode 5 On
28:11 0721 M/C Correction (15) 12:38 0510 AESP Off
28:16 0735(4) Terminate M/C 12:47 0226 Mode 1 On
2R:27 0737(2) Thrust +« Pwr Off 12:54 0521 Prop Strain Gage Pwr On
28:37 0522 Prop Strain Gage Pwr Off 13:09 3617 Interlock
28:37 0512 Aux Accel Amp 5-8 Off 13:09 MO005 Magnitude (5 counts)
28:38 0516 T.D. Strain Gage Pwr Off (0.25 Sec)
2838 0205 1100 bits fsec 13:14 0727 FC Thrust 4 Pwr On
29:09 0232 ESP Off 13:33 3617 Interlock
29:15 0506 Mode § On 13:34 0721 M/C Correction (18)
29:38 0504 137 bits /sec 13:35 0735(2) Terminate M/C
29:46 0204 Coast #Clock Rates 13:42 0737(2) | Thrust # Pwr Off
29:53 0220 7. 15 ke SCO Off 13:48 0522 Prop Strain Gage Pwr Off
30:05 0500 960 cps SCO On 13:52 0512 Aux Accel Amp 5-8 Off
30:24 0107 Xmtr Hi Volt Off 13:56 0516 T.D. Strain Gage Pwr Off
30:28 0130 Xfr Sw B Lo Pwr 14:01 o232 ESP Off
30:31 0110 Xmtr Fil Pwr Off 14:08 0506 Mode 5 On
39:53 0510 AESP Off 18:34 0510 AESP Off
40:09 0231 Mode 4 On 18:41 0226 Mode 1 On
14:36 0232 ESP Off 18:47 0521 Prop Strain Gage Pwr On
44048 0506 Mode 5 On 18:59 3617 Interlock
59:51 0510 AESP Off 18:59 MO0005 I\gagrsntéuecle) {5 counts)
19:21 0727 FC Thrust ¢ Pwr On
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Table 4.1-9 (continued)

GMT,

hrimin:sec

Cormmand

Function

GMT,

hriminisces

Command

Function

02:19:36
19:37
19:38
19:44
19:53
19:57
20:02
20:07
20:15
24:27
24:35
24:41
24:54
24:55

25:47
26:06
26:06
26:08
26:13
26:21
26:24
26:28
26:35
26:43
32:02
34:00
34:07
35:36
35:47
35:54
36:22
36:33
36:53
37:18
37:19

38:48
39:14
39:14
39:17
39:27
39:35
39:35
39:36
39:36
40:08
40:16
41:16
41:24
41:35
41:45

3617
0721
0735(3)
0737(2)
0522
0512
0516
0232
0506
0510
0226
0521
3617
MO005

0727
3617
0721
0735(3)
0737(2)
0522
0512
0516
0232
0506
oLo5
0127
0103
0502
0216
0205
0510
0226
0521
36l7
MOI10

0721
0735(2)
0737(2)
0522
0512
0516
0205
0232
0506
0504
0204
0220
0500

Interlock

M/C Correction {19)
Terminate M/C

Thrust ¢ Pwr Off
PrupStrainGage Pwr Off
Anx Accel Amp 5-8 Off
T,D. Strain Gage Pwr Off
ESP Off

Mode 5 On

AESP Off

Mode 1 On

Prop Strain Gage Pwr On
Interlock

Maypnitude (5 counts)
(0. 25 Sec)

F'C Thrust ¢ Pwr On
Interlock

M/C Correction (20}
Terminate M/C

Thrust ¢ Pwr Off
PropStrain GagePwr Off
Aux Accel Amp 5-8 Off
T.D, Strain Gage Pwr Off
ESP Off

Mode 5 On

Xmtr B Fil Pwr On

Xfr Sw B Hi Pwr

Xn:tr Hi Volt On

960 cps SCO Off

7. %5 ke SCO On

1101 bits/sec

AESP Off

Mode 1 On

PropStrain Gage Pwr On
Interlock

Magnitude (40 counts)
(2.0 Sec}

FC Thrust ¢ Pwr On
Interlock

M/C Correction (21)
Terminate M/C

Thrust ¢ Pwr Off
PropStrainGage Pwr Off
Aux Accel Amp 5-8 Off
C.13, Strain Gage Pwr Off
1100 bits/sec

ESP Off

Mode 5 On

147 bits/sec

Coast ¢ Clock Rates

7. %5 ke SCO Off

961 cps SCO On

02:42:21
42:2%
42:34
43:06
43:07
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oLo?
0130
0o
3ol?
0311

0403
(240)

010
D226
3521
3617
0003

3617
0300
3617
MG00S

3727
3617
0721
1735(2)

3617

1n735(3)
nT37(2)
0622
(%12
616
232
4506
4510
n226
3521

3el7

P MBOOS

0735(2)
0737(2)
0522

Xmtr Hi Volt Off
X{r Sw Lo Pwr
Xmitr Fil Pwr Off
Interlock

FC Power Off
Step Polar Axis Plus

AESP Off

Mode 1 On
PropStrainGage Pwr On
Interlock

Magnitude (5 counts)
(0. 25 Sec)

Interlock
FC Power On
Interlock

Magnitude (5 counts)
(0. 25 Sec)

FC Thrust ¢ Power On
Interlock

M/C Correction (22)
Terminate M/C

Thrust ¢ Pwr Off
PropStrain Gage PwrOn
Aux Accel Amp 5-8 Off
I.D, StrainGage Pwr Off
ESP Off

Mode 5 On

AESP Off

Mode 1 On
PropStrainGage Pwr On
Interlock

Magnitude (5 counts)
(0. 25 Secc)

FC Thrust ¢ Pwr On
Interlock

M/C Correction {23}
Terminate M/C

Thrust ¢ Pwr Off
PropStrain Gage Pwr Off
Aux Accel Amp 5-8 Off
T.D, Strain Gage Pwr Off
ESP Off

Muaude 5 On

AESP Off

Maode 1 On
PropStrainGage PwrOn
Interlock

Magnitude {5 counts)
(0. 25 Sec)

FC Thrust ¢ Pwr On
Interlock

M/C Correction (24)
Terminate M/C

Thrust ¢ Pwr Off
PropStrainGage Pwr Off




Table 4.1-9 (continued)

GMT, GMT,
hrimin:sec Command Function hr:min:sec Command Function
03:29:26 0512 Aux Accel Amp 5-8 Off 03:48:06 0737(2) Thrust ¢ Pwr Off
29:31 0516 T.D, Strain Gage Pwr Off 48:22 0522 PropStrainGage Pwr Off
29:36 0232 ESP Off 48:23 0512 Aux Accel Amp 5-8 Off
29:41 0506 Mode 5 On 48:23 0516 T.D. Strain Gage Pwr Off
33:48 0510 AESP Off 48:%4 0205 1100 bits /sec
33:54 0226 Mode 1 On 48:39 0232 ESP Off
33:58 0521 PropStrainGage Pwr On 48:49 0506 Mode 5 On
34:05 3617 Interlock 49:22 0504 137 bits /sec
34:06 MO0005 Magnitude (5 counts) 49:28 0204 Coast ¢ Clock Rates
(0. 25 Sec) 49:34 0220 7. 35 ke SCO Off
34:24 0727 FC Thrust ¢ Pwr On 49:43 0500 960 cps SCO On
34:33 3617 Interlock 50:06 0107 Xmtr Hi Volt Off
34:33 0721 M/C Correction {25) 50:12 0130 Xfr Sw Lo Pwr
34:35 0735 Terminate M/C 50:17 o110 Xmtr Fil Pwr Off
34:35 0735 Terminate M/C 51:34 3617 Interlock
34:42 0737 Thrust ¢ Pwr Off 51:34 0311 FC Power Off
34:48 0522 PropStrain Gage Pwr Off 04:15:55 0300 FC Power On
34:54 0512 Aux Accel Amp 5-8 Off 16:14 0510 AESP Off
34:57 0516 [.D, Strain Gage Pwr Off 16:22 0226 Mode 1 On
35:02 0232 ESP oOff 16:29 0521 PropStrainGage Pwr On
35:07 0506 Mode 5 On 16:43 3617 Interlock
38:21 0510 ABSP oOff 16:43 M0005 Magnitude (5 counts)
38:26 0226 Mode 1 On (0. 25 Sec)
38:30 0521 PropStrainGage PwrOn 17:11 0727 FC Thrust ¢ Pwr On
38:38 3617 Interlock 17:31 3617 Interiock
38:38 MO0005 Magnitude (5 counts) 17:31 0721 M/C Correction (28)
{0. 25 Sec) 17:33 0735(2) | Terminate M/C
38:53 0727 FC Thrust ¢ Pwr On 17:40 0737(2) | Thruste Pwr Off
39:07 3617 Interlock 17:56 0232 ESP Off
39:07 0721 M/C Correction (26) 18:06 0506 Mode 5 On
39:09 0735(3} Terminate M/C 22:42 0510 AESP Off
39:14 0737(2) Thrust ¢ Pwr Off 22:49 0226 Mode 1 On
39:19 0522 PropStrain Gage Pwr Off 22:55 0521 PropStrain Gage Pwr On
39:23 0512 Aux Accel Amp 5-8 Off 23:05 3617 Interlock
39:26 0516 T.D. Strain Gage Pwr Off 23:06 M0005 Magnitude (5 counts)
39:31 0232 ESP Off {0. 25 Sec)
39:36 0506 Mode 5 On 23:38 0727 FC Thrust ¢ Pwr On
41:34 0105 Xmtr B Fil Pwr On 23:53 3617 Interlock
43:46 0127 Xfr Sw B Hi Pwr 23:53 0721 M/C Correction {29)
43:52 0103 Xmtr Hi Volt On 23:55 0735 Terminate M/C
44:44 0502 960 cps SCO Off 24:00 0737(2) Thrust ¢ Pwr Off
44:57 0216 7. 35 ke SCO On 24:12 0232 ESP Off
45:03 0205 1100 bits/sec 24:20 0506 Mode 5 On
45:40 0510 AESP Off 28:26 0510 AESP Off
45:50 0226 Mode 1 On 28:34 0226 Mode 1 On
46:48 0521 PropStrain Gage Pwr On 28:58 3617 Interlock
47:03 3617 Interlock 28:58 MO0005 Magnitude (5 counts)
47:03 MO110 Magnitude (40 counts) (0. 25 Sec)
(2.0 Sec) 29:36 0727 FC Thrust $Pwr On
47:35 Q727 FC Thrust ¢ Pwr On 29:51 3617 Interlock
47:56 3617 Interlock 29:51 0721 M/C Correction {30)
47:56 0721 M/C Correction (27) 29:53 0735 Terminate M/C
47159 0735(2) | Terminate M/C 30:00 0737(2) | Thrust ¢ Pwr Off
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Table 4.1-9 (continued)

GMT, GMT,
hrimin:sec Comimand Function hrimin:scc C orimand Function
04:30:21 0232 ESP Off 04:58:24 0130 Xfr Sw Lo Pwr
30:28 0506 Mode 5 Cn 5K:30 3110 Xmtr Fil Pwr Off
34:38 0510 AESP Off 54:16 sel7 Interlock
34145 0226 Mode 1 On 5a:16 9311 FC Power Off
34:59 3617 Interlock 05:30:1n 300 FC Power On
34:59 MOQ05 Magnitude (5 counts) 30:52 L0 Xmtr B Fil Pwr On
(0.25 Sec) 32:53 ni2t Xfr Sw B Hi Pwr
35:18 0727 FC Thrust ¢ Pwr On 32.50 0103 Xmtr Hi Volt On
35:33 3617 Interlock 33:52 9502 960 cps SCO Off
35:34 0721 M/C Correction (31) 3406 a2 .35 ke SCO On
35:35 0735(2) Terminate M/C 34011 0205 1100 bits/sec
35:41 0737(2) Thrust ¢ Pwr Off 34:40 9807 Mode 6 On
35:52 0232 ESP Off 37:08 0720 Reset Group IV
36:00 0506 Made 5 On 38:58 3617 Interlock
40:22 0510 AESE Off 3R:54 0724 Retro Sequence Maude On
40:29 0226 Mode 1 On 3q:l2 0521 PropStrain Gage PwrOn
40:40 3617 Interlock 39145 0715 Manual Delay Mode On
40:41 M0005 ?é“%zlé‘:ie) (5 counts) 40527 0732 Emergency Retro Eject
41:04 0727 FC Thrust ¢ Pwr On 4l:34 72T FC Thrust ¢ Pwr On
41:19 3617 Interlock 4314 3ipl7 Interlock
41:20 0721 M/C Correction (32) 43:19 o7l M/C Correction (34)
41:21 0735(3) | Terminate M/C 43:22 0735(2) (T:ff:r“;“';sfcj)c
1:26 0737(2) | Thrust g Pwr Of 43247 0737(2) | Thrust ¢ Pwr Off
+1:37 0232 ESP Off 44502 0720 Resct Group IV
41:45 0506 Meode 5 On 44:20 0701 Rate Mode On
45:05 0105 Xmtr B Fil Pwr On 44:55 0522 PropStrain Gage Pwr Off
52:36 0127 Xir Sw B Hi Pwr 45:00 na12 Aux Accel Amp 5-8 Off
52:46 0103 Xmtr Hi Volt On 45:04 0316 T.D. StrainGage Pwr Off
53:28 0502 960 cps SCO Off 45520 0806 Mode 5 On
53:40 0216 7. 35 ke SCO On 26:0% 0504 137 bits/s e
53:47 0203 1100 bits/sec 46:14 1204 Coast ¢ Clock Rates
54:26 0510 AESE Off 26020 0220 7. 45 ke SCO Off
54:38 0226 Mode 1 On 1634 0500 960 cps SCO On
55:03 3617 Interlock 47:01 . o107 Xmitr Hi Volt Off
55:03 MOL10 (]\;dgnsltc\id]( (40 counts} 47:06 T Xir Sw Lo Pwr
55:26 0727 FC Thrust ¢ Pwr On 4Ti0 Lo Xmtr Fil Pwr Off
56:11 3617 Interlock 48:51 eld Interlock
56112 0721 M/C Correction (33) 185t bt FC Power Off
56:15 0735(2) | Terminate M/C Day 265 - DSS- 42
56:21 0737(2) | Thrust o Pwr Off 06:30:2 oLos Xmtr B Fil Pwr On
56:30 0522 PropStrainGage Pwr Off 32:3m oL27 Xfr Sw B Hi Pwr
56:30 0512 Aux Accel Amp 5-8 Off 2 o103 Xmtr Hi Volt On
56:31 0516 T.D. Strain Gage Pwr Off S4:ld p302 960 cps SCO Off
s6:31 0205 1100 bits/sec 34029 0216 7.35 ke SCO On
56:49 0232 ESP Off 34:3% 0205 1100 bits/sec
56:59 0506 Mode 5 On o 9631(5) | Unlock Solar Panel
57:15 0504 137 bits/sec 40:27 (Transit)
57:21 0204 Coast ¢ Clock Rates 41:34
57.55 0220 7. 45 ke SCO Off 435;44 0401(10) | Step Solar Panel Plus
58:05 0500 960 ¢ps $CO On ssn1
58:19 0107 Xmitr Hi Volt Off to 4402 Step Solar Panel
43:47 {110) Minus
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Table 4.1-9 (continued)

GMT, GMT,
hr:imin:sec Command Function hrimin:sec Comimand Function
06:45:41 07:46:12 0721 M/C Correction (36)
4;?4(, 0401(10) | Step Solar Panel Plus 46:14 0735(3) Terminate M/C
46:07 46:45 3617 Interlock
to 0402(10) | Step Solar Panel Minus 46:45 M000s Magnitude (5 counts)
46:11 (0. 25 Sec)
46:32 47:14 3617 Interlock
4%ss 040L(10) | Step Solar Panel Flus 47:15 0721 M/C Correction (37)
46155 47:17 0735(2) Terminate M/C
to 0402(10) | Step Solar Panel Minus 47:48 3617 Interlock
47:00 47:49 M0005 Magnitude (5 counts)
47:17 (0. 25 Sec)
42'(:23 0401(10) | Step Solar Panel Plus 48:18 3617 Interlock
47:43 48:18 0721 M/C Correction (38)
to 0402(34) | Step Solar Panel Minus 48:20 0735(2) Terminate M/C
49:35 48:50 3617 Interlock
50:33 0504 137 bits/sec 48:50 MO0005 Magnitude (5 counts)
50:40 0204 Coast ¢ Clock Rates (0. 25 Sec)
50:54 0220 7.35 ke SCO Off 49:25 3617 Interlock
51:11 0500 960 cps SCO On 49:25 0721 M/C Correction (39)
53:32 0502 960 cps SCO Off 49:27 0735(2) Terminate M/C
53:47 0216 7. 35 ke SCO On :49:31 07372} Thrust ¢ Pwr Off
53:54 0205 1100 bits/sec 49:54 0232 ESP Off
54:33 0635 Unlock Solar Panel 50:01 0506 Mode 5 On
(Lunar) 50:23 0504 137 bits /sec
Stsé% 0402(87) | Step Solar Panel Minus 50:29 0204 Coast ¢ Clock Rates
55:49 50:47 0220 7. 35 ke SCO Off
58:02 0504 137 bits/sec 50:54 0500 960 cps 5CO On
58:09 0204 Coast ¢ Clock Rates 51:17 ola7 Xmtr Hi Volt Off
58:24 0220 7. 35 ke SCO Off 51:24 0130 Xfer Sw B Lo Pwr
58:41 0500 960 cps SCO On 51:38 ollo Xmtr Fil Pwr Off
59:12 0107 Xmtr Hi Volt Off 59:04 0105 Xmtr B Fil Pwr On
59:21 0130 X{r Sw Lo Pwr 08:00:46 0127 Xfer Sw B Hi Pwr
59:28 0110 Xmtr Fil Pwr Off 00:52 0103 Xmtr Hi Volt On
07:34:49 0300 FC Power On 01:12 0502 960 cps SCO Off
39:54 0105 Xmtr B Fil Pwr On Qal:26 0216 7.35 ke SCO On
41:42 0127 Xfer Sw B Hi Pwr 02:11 0205 1100 bits/sec
41:49 0103 Xmtr Hi Volt On 02:28 0507 Mode 6 On
42:23 0502 960 cps SCO Off 02:46 0720 Reset Group IV
42:38 0216 7. 35 ke SCO On 03:08 3617 Interlock
42:50 0205 1100 bits/sec 03:09 0724 Retro Sequence Mode On
43:19 0510 AESP Off 03:23 0521 PropStrainGage Pwr On
43:26 0226 Mode 1 On 03:38 0715 Manual Delay Mode On
43:43 0521 PropStrainGage Pwr On 03:59 0706 Enable Gas Jets
44:05 3617 Interlock 04:16 0732 Emergency Retro Eject
44:06 M0005 Magnitude (5 counts) 04:31 0727 FC Thrust ¢ Pwr On
(0. 25 Sec) 0s:12 3617 Interlack
44:36 0727 FC Thrust ¢ Pwr On 05:12.5 0721 M/C Correction (40)
44:59 3617 Interlock 05:34. 0 0735(3) | Terminate M/C
45:00 0721 M/C Correction (35) (after 21. 5 Sec)
45:02 0735(2) Terminate M/C 05:45 0737(2) Thrust ¢ Pwr Off
45:51 3617 Interlock 06:01 0720 Reset Group IV
45:52 M0005 Magnitude (5 counts) 06:10 0701 Rate Mode On
(0. 25 Sec) 07:56 0506 Mode 5 On
o:L2 617 Interlock 08:33 0504 137 bits/sec
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Table 4.1-9 (continued)

GMT, GMT, o
hr:min:sec Conunand Function hrimin:sec Cursrrand Function
03:08:39 0204 Coast 3 Clock Rates 09:23:416 32 Hi Current Mode On
08:54 0220 7. 45 ke 5CO Off 24:24 320 Restore Main Batt Mode
03:02 0500 g6n cps SCO On 24:54 03T Aux Batt Mode On
09:19 0107 Xrutr Hi Volt Off 23129 0425 Hi Current Mode Off
09:28 0130 Xfer Sw B Lo Pwr 27:00 0322 Hi Current Mode On
09:35 0110 Xrutr Fil Pwr Off 27:27 0320 Restore Main Batt Mode
10:28 3617 Interlock 2743 1521 Disable Batt Xfer Lagic
10:28 031 FC Power Off 25:01 1323 Hi Current Mode Off
09:0G:41 0105 Xutr B Fil Pwr On 30:0¢ SE17 Interlock
1144 0127 Xfer Sw B Hi Pwr 30:09 Be31) RADVS Power Off
11:50 0103 Xmtr Hi Volt On 30:23 [ Enable Gas Jets
12:14 0502 960 vps SCO Off 30:53 i TG Manual Lock On
12:22 0216 7. 3% ke SCO On 3112 17e3 Reset Nom Thrust Bias
12:34 0205 1100 bits/sec 31:51 3617 Interlock
13:00 0300 FC Power On 31:51 JERLT] Magnitude (160 counts)
13:16 3617 Interlock ‘ (8.0 Sec)
13:16 0610 Durnp Helium 32:1 J510 AESP Off
18:42 0302 Disable Battery Pressure 3214 Hesr Mode 2 On
Logic 32:55 D Reset Group IV
19:06 n727 FC Thrust ¢ Pwr On 33:14 inl7 Interlock
19:56 3617 Interlock 33:14 DR Retro Sequence Mode On
19:57 0637 RADVS Power On 34:17 T30 Emergency AMR Signal
22:16 0320 Restore Main Batt Mode 3500 Loss of Command Link:

END OF MISSION
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4.2 PRELAUNCH COUNTDOWN

The final prelaunch countdown proceeded smoothly with the exception
of one reported difficulty. The telemetry indicated approximately 10 to 17 db
weaker signal strength into receiver B than into receiver A, During pre-
launch, it was felt that this failure was due to a change in the RF link with
the gantry moved back (i. e., no RF repeater used under these conditions).
The failure was thus attributed to a change in the test setup. Subsequent
analysis of flight data showed that the failure was probably due to a shift in
the receiver B automatic gain control curve. It was felt that the problem
was not serious enough to prevent launch. After encountering difficulty in
pressurizing the Atlas propulsion system, the spacecraft was finally launched
just before close of the daily launch window at 12:32 GMT at an azimuth of
114, 361 degrees,






4.3 LAUNCH, INJECTION, AND SEPARATION

4. 3.1 LAUNCH TRAJECTORY PROFILE

SC-2 was launched from AFETR launch site 36A on Tuesday,
20 September 1966, using a General Dynamics/Convair Atlas/Centaur
(AC-7) boost vehicle, The launch was held until near the close of the launch
window when difficulties were experienced with the Atlas boil off and LOX
topping valve, Liftoff occurred at 12:31:59, 824, Two seconds after liftoff
the launch vehicle began a 13-second programmed roll that oriented the
vehicle from a pad-aligned azimuth of 105 degrees to a launch azimuth of
114. 361 degrees. At 15 seconds, a programmed pitch maneuver was
initiated. The nominal and actual times for the Atlas/Centaur boost phase
events are summarized in Table 4, 3-1. All mark times were nominal,
The launch phase ascent trajectory profile is illustrated in Figure 4, 3-1,

Separation of Surveyor from Centaur occurred at 12:44:32, 6 at a
geocentric latitude and longitude of 12, 9 and 309. 8 degrees, respectively,
The spacecraft was in sunlight at separation and never entered the earth's
shadow during the transit trajectory,

4, 3.2 SPACECRAFT PERFORMANCE

The boost phase was normal and resulted in SC-2 being injected
properly, thereby placing the spacecraft on the desired lunar trajectory to
the moon target site. Subsequent to injection and prior to its separation
from the spacecraft, Centaur issued the preprogrammed commands for
extending the spacecraft landing legs (L + 11M518S), extending the omni-
directional antennas (L + 12M1S), and turning on the transmitter high power
(L + 12M23S). Normal response was verified from telemetry data™, A
minor spacecraft anomaly occurred during this period when the flight control
subsystem switched from rate to inertial mode. However, this anomaly had
no effect on the mission since the flight control subsystem was returned to
the rate mode by separation of the spacecraft from the Centaur., Separation
was initiated by the Centaur at L + 12M27S by accomplishing electrical
disconnect, and was completed satisfactorily at L + 12M33S,

*An apparent anomaly was noted in real time, as the leg 1 position signal
(V-5) indicated 17 degrees in the extended position. However, postmission
analysis shows that the SFOF computer had an incorrect coefficient for this
signal.
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TABLE 4, 3-1. MARK EVENTS

Nominal Actual
Mark Time, Time,
Number Event seconds seconds
Z-inch motion (liftoff 12:31:59, 824 GMT) 0.0 0.0
1 Booster engine cutoff (guidance discrete, 143. 0 142, 29
staging acceleration 5. 7 g)
2 Jettison booster package 146, 1 145, 75
3 Jettison insulation panels 177.0 176, 06
4 Jettison nose fairing 204, 0 202, 90
5 Sustainer engine cutoff (by propellant 236.0 235,17
depletion)
6 Atlas/Centaur separation 238.0 237,03
7 Start Centaur main engines 247, 5 246, 58
(SECO + 11. 5 seconds)
8 Centaur main engine cutoff (guidance 684.0 686. 3
discrete)
9 Surveyor landing gear extend command 715, 0 710. 7
10 Surveyor omnidirectional antenna extend 725, 0 720, 7
command
11 Surveyor high power transmitter on 746, 0 741, 4
12 Centaur/Surveyor electrical disconnect 752.0 742, 08
13 Separate spacecraft 753.7 752, 58
14 Admit guidance 758. 0 754, 7
15 Start HyO), engines (V), 180-degree 798. 0 NA
turnaround mode
16 Stop HpO, engines, 180-degree 818. 0 NA
turnaround mode
17 Start retrothrust (Centaur tank blowdown) 993, 0 992, 8
18 Stop retrothrust 1243. 0 1242, 9
19 Energize power changeover switch 1243, 0 1242, 9
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Following separation, the spacecraft performed the designed auto-
matic sequences. By using the cold gas jets which were enabled at separa-
tion, the flight control subsystem nulled out the rotational rates imparted by
the separation springs and initiated a roll-yaw sequence to acquire the sun.
At L. + 16M15S, after a minus roll of approximately 72 degrees and a plus
yaw of 16,5 degrecs, sun acquisition and lockon were completed. Concurrent
with the spacecraft sun acquisition sequence, the A/SPP stepping sequence was
initiated for deploying the solar panel axis and roll axis of 85 and 60 degrees,
respectively., At approximately L + 23M, stepping was completed, resulting
in positioning of the solar panel to the desired transit position. All these
operations were confirmed in real time from the spacecraft telemetry.

4,3.3 EVALUATION OF VIBRATION DATA FOR AC-7/SC-2 BOOST
ENVIRONMENT

4,3, 3,1 Instrumentation

Two accelerometer channels (IRIG channels 14 and 17) of vibration
data were recorded in real time on a direct write oscillograph during the
launch of SC-2/AC-7 and also for the initial 5 minutes of powered flight.
Telemetry channel 17 transmitted the continuous signal of accelerometer
CY 52 0. Channel 14 produced a commutated signal from CY 53 0, CY 54 0,
CY 77 0, and CY 78 0. Accelerometers CY 52 0, CY 53 0, and CY 54 0 were
located on the spacecraft at the legs 1, 2, and 3 column bases, respectively,
with their axes of maximum sensitivity parallel to the spacecraft Z axes.
Accelerometer CY 77 0 was located on the upper flange of the Centaur
adapter adjacent to leg 1 and was sensitive to motion in a radial direction,
Accelerometer CY 78 0 was mounted in the flight control sensor grcup and
sensed the vertical response of this unit. The SC-2 dynamic instrumentation
was identical to the instrumentation aboard SC-1/AC-10,

4, 3, 3,2 Evaluation of Data and Anomalies

Accelerometer CY 54 0 and CY 78 0 were the only SC-2 accelerom-
eters that operated normally in flight, Accelerometers CY 52 0, CY 53 0,
and CY 77 0 produced no intelligible data during the cntire recording period.
Since the two operating accelerometers were commutated on an equal time
basis with two inoperative transducers, the flight environment was monitored
only during 36 of the 90 commutator segments or 40 percent of the time,
Most of the shock transients experienced on SC-1 during various jettisons
and shutdown events were not recorded during the SC-2 flight and, therefore,
only very limited data are available for comparison. Table 4. 3-2 presents
vibration levels recorded during similar flight events for SC-1 (AC-10),
SC-2 (AC-7), and SD-2 (AC-6).
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4. 4 DSIF ACQUISITION

4.4, 1 ACQUISITION PREDICTIONS

Predictions indicated Surveyor II rise at DSS-51 at 12:55:00 on
20 September 1966, DSS-51 reported good one-way data at 12:55:17, auto-
track on the SCM (antenna main beam) at 13:00:07, and good two-way data
at 13:05:07; thus, DSS-51 required 10 minutes from spacecraft rise to
obtain good two-way data. Had the acquisition been optimum, DSS-51 could
have had good data, two-way lock at approximately 12:58, or about 3 minutes
after spacecraft rise. In comparison, DSS-51 reported good data, two-way
lock less than 4 minutes after spacecraft rise in the Surveyor I mission,

This delay of about 6 minutes from an optimum acquisition was due
partly to a hardware problem (the SCM monitor-receiver was initially
saturated by high signal strength) and partly to a procedural problem at
DSS-51 precipitated by the same hardware problem.

4. 4, 2 SPACECRAFT PERFORMANCE

At approximately L + 25M, the spacecraft became visible to DSS-51,
and the initial DSIF acquisition procedure for establishing the communication
and tracking link between the spacecraft and the ground station was initiated,
The first ground-controlled sequence (initial spacecraft operations) was
initiated at L. + 45M, and consisted of commands for turning off equipment
required only for the launch-to-DSIF acquisition phase (e. g., transmitter
high-power off, accelerometer amplifiers off, etc.) for seating the solar
panel and roll axis locking pins securely, for increasing the telemetry bit
rate to 1100 bits/sec, and for initially interrogating all telemetry commutator
modes. All spacecraft responses to commands were normal. As a result of
data assessment, it was determined that the star intensity telemetry signal
was indicating that an object (thought to be the earth) was in the Canopus
sensor field of view, Therefore, it was recommended that the roll axis be
held in the inertial mode and that the cruise mode command (which would
have caused the spacecraft roll attitude to be slaved to the position of the
earth) not be sent to the spacecraft. It was also recommended that trans-
ponder A not be turned on, since the receiver A automatic frequency control
indicated that this receiver was tracking the ground station signal.






4.5 COAST PHASE 1 (INCLUDING CANOPUS ACQUISITION)

The spacecraft continued to coast normally, with its pitch-yaw
attitude controlled to track the sun and with its roll axis held inertially fixed
Tracking and telemetry data were obtained by use of transponder B and
transmitter B operating in low power,

At L + 4H33M, control of the spacecraft was transferred to DSS-72
to provide additional tracking data. This transfer necessitated a decrease
in telemetry data rate from 1100 bits/sec to 137, 5 bits/sec due to the lower
antenna gain available at DSS-72, At L + 5H23M, spacecraft control was
returned to DSS-51 and, at L + SH30M, the telemetry data rate was
increased again to 1100 bits/sec,

At L + 6H6M, a spacecraft roll maneuver was initiated to make a
star map and locate Canopus, Per real-time recommendations, the maneuver
was begun with omnidirectional antenna B and transmitter B in high power
(transponder off), Mode 5 data were available at 1100 bits/sec. Two com-
plete revolutions were made to generate the star map, the first with antenna
B and the second with A, The earth, moon, and stars Shaula, Rasalhague,
Menkalinan, and Theta Ophiuchi were identified, Canopus was located after
237 degrees of roll, As was the case in the SC-1 mission, a Canopus lockon
signal was not generated as the star sensor swept past Canopus, since the
Canopus intensity signal was above the lockon range upper threshold, As the
vehicle continued to roll, the time for sending the proper command to achieve
manual lockon to Canopus was computed, with manual lockon being achieved
at approximately L. + 6H38M, Roll attitude was now precisely determined,
a prerequisite for the premidcourse maneuvers,

Following this successful lockon, a gyro drift check was initiated
(L + 6H54M), The vehicle continued to coast as before, but with its attitude
held inertially so that the sun and star sensors continued to point at the sun
and Canopus, respectively, At L + 9H3M, the check was terminated,

With the DSS-51 visibility period ending at L + 9H46M, a potential
gap existed in the coverage since DSS-11 would not yet have visibility,
Because DSS-72 had visibility of the spacecraft for part of the gap, space-
craft control was transferred to DSS-72, requiring telemetry bit rate reduc-
tion to 17, 2 bits/sec, Unfortunately, DSS-72 had considerable difficulty in



providing good data; it was estimated that 80 percent of the data was bad,
At L + 10HI12M, the spacecraft became visible to DSS-11, and two-way lock
was achieved by this station at L. + 10H35M, The bit rate was increased to
1100 bits/sec at L + 10H40M,

Because analysis of the spacecraft receiver B automatic gain control
telemetry data obtained during star verification and acquisition indicated a
signal strength which was approximately 18 db below the predicted value, a
special test for performing an in-flight calibration of this data channel was
recommended, This test was required to establish whether transponder
operation two-way tracking could be used during the midcourse correction,
since a degradation of 16 db in receiver B sensitivity (i, e., a receiver mal-
function) might cause loss of two-way lock during midcourse, Following
satisfactory completion of the scheduled premidcourse low power engineering
interrogation, the special calibration test was initiated at L. + 13H6M, During
this sequence, DSS-11 transmitter power was reduced in 2-db steps until
the command threshold level (as indicated by an indexing of the receiver-
decoder-select unit) was reached, This occurred after a total reduction of
24 db at a telemetry-indicated signal strength of -133 dbm for receiver B
and -121 dbm for receiver A, It was concluded that receiver B calibration -
had changed, but that the signal strength could be lowered by 24 db without
causing a receiver index and by 30 db without causing a loss of carrier signal
in receiver B, Therefore, it was recommended that the midcourse correc-
tion be done in two-way lock,

Also recommended for midcourse was the roll-yaw maneuver pair
(plus roll of 75. 3 degrees, followed by a plus yaw of 110, 5 degrees), pri- -
marily from an analysis of the telecommunication performance expected for
each of the four maneuver-pair candidates (i, e., roll-yaw, roll-pitch, yaw-
pitch, and pitch-yaw).

At L. + 14H27M, the scheduled premidcourse engineering interrogation
was inititated, This sequence was executed using low power transmitter
operation, since a data-rate of 1100 bits/sec was still available, As part of
this sequence, the gyro speeds were measured and were reading nominal
values (i, e,, 50 cps).
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4,6 MIDCOURSE CORRECTION

4,6, 1 MIDCOURSE MANEUVER ANALYSIS

A midcourse correction of 9, 587 m/sec was computed to soft land
Surveyor Il at a desired site, +0, 55 degree latitude and +359. 17 degrees
longitude, on the lunar surface, This correction was executed upon ground
command at 05:00 GMT on 21 September, Due to hardware failures, the
midcourse correction was unsuccessful, and there was no soft landing,

Proximity of the uncorrected and the original aiming point is shown
in Figure 4, 6-1, The uncorrected, unbraked impact point is located on the
western edge of Sinus Medii just northeast of the crater Mosting, The
selenographic coordinates of this point are approximately -0, 0837 degree
latitude and 354, 658 degrees longitude, The targeted aiming point was 0, 0
degree latitude and 359, 33 degrees longitude, The two points are approxi-
mately 142 kilometers (88 miles)apart on the moon's surface, Also shown
in Figure 4, 6-1 is the approximate final impact site of the spacecraft,
Figure 4, 6-2 shows the prelaunch target site, the in-flight aim point, and
the associated dispersions,

The 99-percent dispersions are shown as an ellipse on the surface
with a semimajor axis of 53, 9 kilometers (1, 77 degrees), a semiminor axis
of 17, 17 kilometers (0, 56 degree), and an orientation angle of -57, 1 degrees
(Figure 4, 6-2), In order to maximize the probability of soft landing, the
aim point was biased from the original target value of 0, 0 degree latitude and
359. 33 degrees longitude, The biasing was based on a detailed examination
of Lunar Orbiter photographs,

The maximum midcourse correction capability, as a function of the
unbraked impact speed, is shown in Figure 4, 6-3, The expected 3¢ Centaur
injection guidance dispersions and the effective lunar radius are also shown,
The midcourse capability contours are in the conventional R-S-T coordinate
system,

The maneuver execution time of 16, 2795 hours after injection was
chosen, This time allowed 6 hours and 17 minutes of premidcourse and 1
hour and 11 minutes of postmidcourse visibility from the Goldstone tracking
facility, Nominally, the midcourse time was 14, 5295 hours after injection,
but was delayed 1 hour and 45 minutes because of operational difficulties,

4.6-1
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The predicted results of the selected midcourse correction and other
alternatives considered are given in Table 4, 6-1, The required velocity
component in the critical plane, to correct miss only, was 1, 185 m/sec,
The noncritical direction component that resulted from a weighted selection
of flight time, main retro burnout velocity, and vernier propulsion system
fuel margin was 9, 5 m/scc, Figure 4, 6-4 shows the possible flight times,
burnout velocities, and fuel margins for the range of available noncritical
component velocity corrections, Since all three were acceptable over a wide
range of values, a nominal burnout velocity of 450 fps was chosen, This
gave favorable landing site errors and backup midcourse correction capa-
bility in the event the first midcourse correction became nonstandard, If
the maneuver stratcgy were to correct miss plus flight time, the required
noncritical component would have been 4, 325 m/sec, giving a total of
approximately 4, 48 mi/sec,

Since the aim point was changed during the flight, the above required
correction does not properly evaluate the performance of the Centaur guid-
ance system, Using the results of the last premidcourse orbit and correct-
ing to the original aim point gives a miss only requirement of 1, 015 m/sec,
Miss plus flight tiine was 4, 44 mi/sec,

4. 6. 1.1 Alternate Considerations

During the premidcourse phase, the following alternate possibilities
were analyzed and eliminated:

1)  No midcourse correction. This case would have resulted in
acceptable burnout velocity, fuel margin, and arrival time
values, but since a landing site of +0, 55 degree latitude and
359, 17 degrees longitude was desired, it was eliminated, The
uncorrected site was -0, 084 degree latitude and 354, 66 degrees
longitade (Figure 4, 6-2),

2) Injection plus 14, 5 hour corrections,

a) A minimum midcourse velocity correction of 2 m/scc was
considered and eliminated because the nominal burnout
velocity would have been higher than desired, or 505 fps,

b) Two midcourse velocity corrections that would have
resulted in a burnout velocity of 400 fps were considered,
The first one, at +15 m/sec, was eliminated because mis-
sion success could be achieved with the selected mancuver
without requiring as large a correction. A smaller correc -
tion gives greater backup capability i{ the first correction
presents problems, The second possibility, -33 mi/sec,
was eliminated because of significantly greater landing site
errors and lower fuel margin,

4. 6-5
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3) Injection plus 38, 8 hour corrections: Maneuvers similar to the
14, 5 hours cases were considered and eliminated because a
14. 5 hour correction was desired,

4,6,1,2 Attitude Maneuver Considerations

Following computation of the magnitude and direction of the mid-
course vector (AV ), four pairs of spacecraft rotations and corresponding
. m/c . '
DSIF motions were éalculated and the results compared with respect to pre-
stored omnidirectional antenna patterns in the midcourse command program,
Figure 4, 6-5 shows the trace of the DSIF vector, in spacecraft coordinates,
for each rotation pair, The figure shows that the cruise mode DSIF vector
immediately prior to midcourse is located at8= 99, 77 degrees and

¢ = -95, 11 degrees in spacecraft coordinates,

A negative roll of 14, 67 degrees will increase ¢ to -80, 44 degrees,
with 6 remaining constant, A subsequent pitch of -110, 50 degrees will
change the DSIF position to 6 = 148, 30 degrees and ¢ = +71, 85 degrees,
However, a positive roll maneuver of 75, 33 degrees will decrease ¢ to
-170, 44 degrees, and a following yaw will move the DSIF position to
6 = 148, 30 degrees and ¢ = -18, 15 degrees, Two other alternate runs were
pitch-yaw and yaw-pitch sequences 6 = 148, 30, ¢ = 77,08 and 6 = 148, 30,
¢ = 108, 62 degrees, respectively,

As any one maneuver pair will correctly position the spacecraft prior
to midcourse, the pair that maximizes probability of mission success through
continuous, high antenna gain and maximum sun lock time is chosen, In as
much as omnidirectional antenna B was oriented toward the DSIF in cruise
mode, analysis of spacecraft rotations was directed toward constraining the
DSIF to high gain regions of omnidirectional antenna B, thus avoiding antenna
switching between or during rotations, As shown in Figure 4, 6-5, the DSIF
trace terminates in a low gain region for three of the four maneuver sequences
(roll-pitch, pitch-yaw, and yaw-pitch), The obvious selection of roll-yaw
was made because the antenna gain during and following the rotations remains
high, Minor considerations contributing to this choice were: 1) sun lock is
retained during the initial roll, and 2) the spacecraft had previously per-
formed a yaw maneuver during sun acquisition and a roll maneuver during
Canopus acquisition, The selected maneuvers were a roll of 75, 33 degrees
and a yaw of 110, 50 degrees, The required engine burn time was 9, 81
seconds,

The maneuver timing plan, as shown in Figure 4, 6-6, illustrates the
computation of various maneuver and ignition times, The earliest and latest
allowable midcourse execution times bound the nominal execution time and
are shown to be 10 minutes before and after the nominal time, The 10-
minute values represent a tradeoff between operational times and required
landing accuracy, Execution of engine burn time outside this 20-minute
window would result in a considerable bias in terminal parameters,

4,6-8



58189-2-186

081

MUIl[umod g Buudjuy [BUOTIIOSIIPIUL()

o8l ¥

0sl-

ozL-

09-

06~

'g=9 *p oanBrg

A e e = AN T ——
091 %\%E: A/ﬂ./ | fﬁ\vb A}\C f // j/& w””/l\ « —
_ J - \ T\r‘ M \A \%\ %A“\“\\Iu:ﬂ M7
W : N u B Lm.xlmva\z - gk \ NS ~\ LN MD/\\J N
VN e | S Ve M,J/a/ L
In "/ TN f ~JIF dhira
- | - A r 7 () ﬂ /]
AT SN AL
i K\\ g Y- > 0¥ < _ww\ Mo \v / muA \ / X VC
- y :
NEAEPIN H AN SN VAT
f/XJA T e /N U 7)) 5
S\l g )| VNN |
B g ¥ N T\ TU ,v N |
QD G| L _r Uy !
A Nrainé NG D | N
NI TN =
NS st | 0 0 RS
TN QS e N o N
N A | ISV W
o \w/_.\m- .*\;T» M ; mJOme xu\‘,,/‘DmZ%E w_,mx_JOU.oy_E, L hw\—n /1-/_ .\w- ~ \n/ll/\ \Hﬂl_\\\u +
ooo . OM_ o.w_ ~ _ on._« oﬁ:{. om_l 06- o.-uv og- 0 , 0g 09 . B 06
:

081
09l

orl

¢4}

061

08

oy

31399340 ‘e

4.6-9



For Surveyor 1:

TA = 10 minutes
DLTMI = 10 minutes
DLTMC 10 minutes

Iou

150, 7 seconds
221.0 seconds

First maneuver
Second maneuver

Figure 4. 6-6.

Maneuver Timing Plan
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It is notable that engine burn was begun within 1 second of the nominal
ignition time, The earliest first maneuver (GMT) or earliest allowable break
of sun lock is shown to be nominal ignition less total maneuver time, less
TA (the operational time necessary to transmit and verify spacecraft com-
mands), By previous agreement, a value of 10 minutes was used, The last
times of the first and second maneuvers are computed based upon DLTMI,
DLTMC, TA, and the maneuver times, These two times serve as guides to
proper execution of spacecraft rotations,

The resulting midcourse message, as shown in Figure 4, 6-7, contains
the operational data necessary for properly executing the midcourse
maneuver,

4,6,2 SPACECRAFT PERFORMANCE

The midcourse correction sequence was initiated at L + 15H42M with
the engineering interrogation, which indicated that the spacecraft was recady
for midcourse operations, At L + 16H11M53S, the first attitude maneuver
(plus roll of 75, 3 degrees) was executed and confirmed as being satisfactory,
At L + 16H16M5S, the second attitude maneuver (plus yaw of 110, 5 degrees)
was executed satisfactorily, thereby aligning the spacecraft in the desired
direction for applying the midcourse thrust,

Following the pressurization of the vernier propulsion systen
(L + 16H21M) and the loading of the desired thrust time in the flight-control
programmer magnitude register (L + 16HZ23M), thrusting of the vernier
engines was commanded at L. + 16H28M, At this time, vernier engine 3
strain gage indicated that this engine was not thrusting properly, and the gyro
error signals became saturated (pitch error negative, yaw error positive,
and roll error negative), After the previously commanded vernier engine
thrust duration of 9, 8 seconds, the engines shut off, However, DSIF receiver
automatic gain control showed that the vehicle was rotating at a rate of
approximately 1, 22 rps, with a secondary motion having a period of approxi-
mately 12 seconds, In an attempt to stabilize the spacecraft, the flight
control subsystem was commanded to the rate mode, Approximately 10
minutes later, when it became evident that the gas jets were not going to stop
the spinning (since approximately 60 percent of the gas had been used, and
the spin rate was still 0. 97 rps), the gas jets werc inhibited., The remaining
gas supply was thus conserved for use in the event that the malfunction could
be cleared and the vehicle stabilized by vernier engine firing,

4.6-11
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4,7 DYNAMIC ANALYSIS OF SC-2 MIDCOURSE PHASE

4,7.1 INTRODUCTION

Because of the failure of vernier engine number 3 to provide proper
thrust in response to thrust commands, the spacecraft could not maintain
inertial attitude control when the remaining two vernier engines ignited at
the start of midcourse (Figure 4, 7-1), The thrust commands to the vernier
engines were a combination of two effects: the acceleration loop trying to
develop the proper acceleration along the spacecraft roll axis and the
attitude control loops trying to maintain the vehicle in a stable inertial
attitude. An analysis of resultant spacecraft motion was performed in order
to assist in determining the cause of failure, One major question to be set-
tled was whether engines 1 and 2 responded normally to their thrust commands.

In order to analyze the spacecraft motion, analog and digital simu-
lations were used to generate outputs that were compared to flight data, For
the final analysis, a closed-loop analog computer combined with flight hard-
ware was used to verify that thrust commands from flight control to the
vernier engines were proper. A digital simulation was used to determine
spacecraft motion resulting from selected vernier engine thrust profiles,
The analog system, incorporating flight hardware, properly simulated the
saturation characteristics of the control loops which significantly affect
thrust command generation under these nonstandard conditions. The digital
simulation developed the required accuracy and flexibility of output required
for comparison with flight data.

The data used to verify the results of the simulations fall into three
categories: gyro initial response and crossover data, sun sensor illumination
signals, and DSIF station automatic gain control data reflecting spacecraft
omnidirectional antenna gain variations. FEach of these will be analyzed
separately in one of the following subsections. A great deal of interplay
occurred between these various techniques before finally arriving at a
description of spacecraft motion which was reasonably consistent for all.

In Figure 4. 7-2, sun and earth vector positions at the start of midcourse
are shown in spacecraft coordinates as an introduction to the dynamic
analyses that will follow,
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4,7.2 CONCLUSION

The closed-loop analog simulation generated thrust commands in the
form of pitch and yaw gyro error signals which agree favorably with the initial
transients observed on flight telemetry. Conditions for the simulation were
normal thrust for engines 1 and 2, and zero thrust for engine 3. Based on
these results, it was concluded that the flight control was providing the proper
thrust commands to the vernier engines for this period.

The digital computer dynamic simulation was used to evaluate vernier
engine performance during the attempted maneuver. When near equal percent-
ages of commanded thrust were used as inputs to the simulation, the outputs
provided a good match to the sun sensor and telemetry automatic gain control
flight data for selected levels near 100 percent, One of the best fits was
obtained with the case of 100 percent thrust for engines 1 and 2 and a con-
stant 2-pound level for engine 3. Since the thrust from engine 3 generates
near equal moments about the pitch and yaw axes, while thrust from engines 1
and 2 essentially produce moments only about pitch and yaw, respectively,
equivalent results can be obtained by increasing or decreasing thrust levels
for engines 1 and 2 in proper proportion to values selected for engine 3
(97 percent levels on engines 1 and 2 with no thrust on engine 3 produces
nearly identical results to the case discussed above).

The above cases do not provide a good match to the pitch and yaw gyro
telemetry output angles for the first second of the period, In order to approx-
imate the flight data, it was necessary to select percentage thrust levels for
engines 1 and 2 in a ratio of near 1.2 or delay the equivalent of engine 2
ignition approximately 40 milliseconds after engine 1l ignition, Since ratios
of one or slightly less than one provide a better match for the sun and auto-
matic gain control data and since delays of the above magnitude produce
insignificant effects on these results, it is considered more likely that
engine 2 ignition occurred later than engine 1, producing a slower angle
increase in yaw as compared with pitch,

Using the standard moment of inertia matrix values (see Table 4.7-1)
from mass properties calculations, and the cases that tend to match the sun
sensor, automatic gain control or initial gyro response data, the pitch gyro
crossover (produced by a reversal in pitch angular velocity direction) obtained
during the 20-second simulation, does not compare with the two crossovers
occurring in the flight data. Also, the simulated crossover of the yaw gyro
occurs over one-half second early, and the time between crossovers is more
than 2 seconds less than that observed in flight, Simulations in which the
initial values of the moment of inertia matrix elements were varied from the
standard values yielded improved fit to the gyro flight data; however, a close
match was not obtained. Simulation results indicated that by varying thrust
levels and the moment of inertia matrix element values it would be pos sible
to obtain a close fit to the gyro crossover, sun sensor, and automatic gain
control data; it is not known if such a set of conditions would be unique, How-
ever, results of the simulations match flight data closely enough to strongly
indicate that engines 1 and 2 were responding to thrust commands in a near
normal manner,



TABLE 4, 7-1 STANDARD MOMENT OF INERTIAL MATRIX

208, 86 -7. 24 7,71
-7.24 204, 99 -1, 87
7.71 -1. 87 216,17
I I I I I
XX vy zZ Xy VZ XZ
208, 86 204. 99 216,17 -7.24 -1, 87 7.71

A comparison of the thrust command and strain gage flight data during
the first second reveals very close agreement in profile shape between these
two curves for engines 1 and 2 (see Figures 4, 7-3 and 4, 7-4). This agree-
ment is probably the strongest evidence that engines 1 and 2 were operating
normally, The comparison for later times rapidly becomes invalid because
of the sensitivity of the vernier engine mounting brackets to thermal effects
and forces resulting from the spacecraft motion,

Vernier engine thrust duration varied in the simulation runs, and the
effect on the simulation results was found to be negligible for the burn time
limits of 9. 75 to 9. 85 seconds as determined from telemetry data,

4,7.3 COMPUTER SIMULATION

In order to simulate spacecraft spin-up during the attempted mid-
course maneuver, the existing six-degree-of-freedom simulation (previously
used for terminal descent analysis) was modified and a new digital spin
simulation was developed. The six-degree program was available first and
produced some initial results; however, the spin program was used to gener-
ate the data for this report because of its greater accuracy and flexibility,

A block diagram of the digital spin simulation program is given in
Figure 4. 7-5, This program calculates spacecraft motion resulting from
thrusts applied at the individual vernier engine locations, By use of the
direction cosine matrix relating spacecraft and inertial axes, the motion of
the sun and earth vectors in spacecraft coordinates is calculated, The earth
vector motion is applied to an antenna gain map representation, generating
antenna gain as a function of time for comparison with telemetry automatic
gain control, From integration of spacecraft angular rates with limiting to
simulate gyro stops, the gyro output profile is obtained for comparison with
the flight gyro crossover data. This signal is not corrected for delay intro-
duced by the telemetry filter circuit which is negligible at the crossover times
of interest, A simulated gyro output during the first second of the midcourse
burn was generated by modifying the calculated spacecraft angles with the
gyro telemetry transfer function (a simple lag with a 57 millisecond time
constant), This time constant produced a significant effect on the simulated
gyro output, when compared with the initial gyro response,
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Spacecraft angular motion is calculated with respect to the vehicle
center of gravity. The initial values of the spacecraft moment of inertia
matrix are input to the program. The thrust level of each engine is divided
by the appropriate value of specific impulse, and the calculated change in
mass in the propellant tanks is used to update the moment of inertia matrix.
For the case of normal thrust on engines 1 and 2, and 2 pounds thrust on
engine 3, the percentage change in the moment of inertia matrix elements
for the 9. 8-second midcourse thrust period are Ixyx = -0.25 percent,

Iyy = -0.14 percent, I;; = -0.33 percent, Ixy = 1. 77 percent, I,, = 0.98 per-
cent, and Iyz = -2.57 percent.

An analytical model was developed to calculate the force on the
vernier engine brackets as a function of vernier engine thrust, angular rate,
angular acceleration, linear acceleration, and engine burn time. This model
was developed from tests performed on flight engine brackets. The torsional
effects introduced by the engine center of gravity displacement from the
bracket centerline were not included in the model as measurements of these
reactions have not been made. Because of gross disagreement between the
initial computer-developed strain gage outputs and the flight data (probably
caused by lack of a torsional effect model), no attempt was made to obtain
better comparison by varying engine thrust levels.

4.7.4 COMPUTER SIMULATION INPUT

The thrust level functions for engines 1 and 2 input to the computer
simulation were obtained from telemetry and corrected as per the SC-1
procedure (Reference 2). The thrust profiles used are given in Table 4. 7-2.
FC-26 first indicated an abnormal thrust value at 05:00:03, 669 (SFOF data
timing), and this has been used as the reference time in Table 4. 7-2. The
15-millisecond delay between telemetry samples of FFC-25 and FC-26 has
been ignored to simplify the simulation. A selected constant value of thrust
was used for engine 3 (FC-27).

To determine if the engines were producing the commanded thrust,
computer runs were made with the above thrust level functions multiplied by
a scale factor. The code adopted to identify the individual cases is [a, b] c
where a and b are the thrust factor multipliers on engines 1 and 2, respec-
tively, and c is the constant value of thrust (in pounds) for engine 3.

Strain gage data were not used to develop thrust input for the simula-
tion, since a review of SC-1 data indicated that these data were not as reli-
able for this purpose as thrust command telemetry (Figures 4. 7-6, 4.7-7,
and 4. 7-8). In addition, use of strain gage data was also undesirable because
of susceptibility to vehicle motion effects.

Moment of inertia values for the standard moment matrix were

obtained from Reference 1. Reference 3 supplied the product of inertia values,

The signs of the XZ and YZ product of inertia values had to be reversed since
they were for a left-handed coordinate system with the positive Z axis in the
opposite direction to the engine exhaust, while the simulation uses a

4.7-8



TABLE 4.7-2.

THRUST COMMAND TELEMETRY AT MIDCOURSE
Reference time = 05:00:03. 669

0 L T I
Time, Vernier Engine 1 Vernier Engine 2 Time, Vernier Engine 1 Vernier Engine 2
seconds (FC-25), (FC-26), seconds (FC-25), (FC-26),
pounds pounds pounds pounds

0 72.0 68.2 5.000 75.7 62.7
0.125 65.9 63.8 5.125 75.17 62.7
0.250 49,6 54, 2 5,250 76.1 62.7
0. 375 45,0 40,0 5.375 76. 4 62,7
0. 500 44, 9 36.5 5. 500 T6. 4 62.3
0,625 52. 4 36.5 5.625 76.8 62.3
0. 750 51.3 55,5 5.750 76.8 62.0
0,875 53.8 62.0 5.875 77.2 62.0
1. 000 57,4 62.7 6. 000 77.2 62.0
1.125 61.3 63.0 6.125 77.2 62.0
1.250 63.6 64.0 6.250 77.2 62.0
1.375 64,0 66.1 6.375 77.6 62.0
1. 500 64. 4 67.8 6. 500 77.6 62.0
1. 625 64.8 68.5 6.625 77.6 62.0
1. 750 65. 6 68.9 6. 750 77.6 62.0
1.875 66.7 68.9 6.875 77.9 62.0
2. 000 68.2 68.9 7.000 77.9 61.6
2.125 69. 4 68. 2 7.125 77.9 61.6
2.250 69.4 68.2 7.250 77.9 61.6
2.375 69.7 68.2 7.350 77.9 62.0
2. 500 69.7 67.4 7. 500 77.9 6l.6
2.625 70.1 67.4 7.625 78. 1 61.6
2. 750 70. 5 67.1 7.750 78.1 62.0
2.875 70.5 66.9 7.875 78.3 62.0
3,000 71.3 66. 4 8,000 78.3 61.6
3,125 71.6 66. 1 8.125 78.3 62.0
3,250 72.0 65.7 8.250 78.3 61,6
3,375 72.4 65.4 8.375 78.3 62.0
3.500 72.8 65.0 8. 500 78.3 62.0
3. 625 73.1 65,0 8. 625 78.7 62. 0
3,750 73.5 64,7 8. 750 78.7 62.0
3,875 73.9 64,3 8.875 78.7 62.0
4, 000 73.9 64,3 9,000 78.1 62.0
4,125 74,3 64.0 9,125 78.7 62.0
4,250 74,7 63.6 9. 250 78.7 62.0
4. 375 75.0 63.3 9.375 8.7 62.0
4,500 75.0 63.3 9. 500 78.7 62.0
4,625 75.4 63.3 9. 625 78.7 62.0
4,750 75.4 63.3 9.750 77.6 77.9
4,875 75.7 63.0 9,875 0 0
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right—handed coordinate system with positive Z in the direction of engine
exhaust. Percentage perturbations of the initial moment values were made
with the simulation in an attempt to match the gyro crossover data, and
these cases are identified in abbreviated form as follows:

[él , AL, AL, AL, &I, &I ]
XX vy zZZ Xy XZ yz

4.7.5 SIMULATION OF SUN SENSOR DATA

Throughout this subsection, inertial vector directions in spacecraft
coordinates will be specified using a clock angle ¢and a cone angle 8, as
defined in Figure 4. 7-9.

From Figures 4. 7-10 through 4. 7-13, it is apparent that all acquisi-
tion cells of the secondary sun sensor were illuminated seven distinct times
during the commanded 9. 8 _-second midcourse burn. An individual cell is
considered to have been illuminated if it produced at least 2. 0 volts out of an
approximate 4. 0-volt maximum. If the sun is located in a given cell's
guadrant, it is actually possible for that cell to be fully illuminated while
the sun is slightly below the plane of the solar panel. Reference 4 specifies
the depression angle of the secondary sun sensor for four sun clock angles.
In order to obtain approximations of the depression angle at other than the
specified clock angles, a third order polynomial was fitted to the four
specified data points. The resulting function yielded the depression angle
as a function of distance from the secondary sun sensor to the edge of the
solar panel. Measuring these distances for other clock angles then permitted
construction of an approximate depression function over the entire range of
clock angles. The function obtained is plotted in Figure 4. 7-14.

The first premidcourse attitude maneuver was a 75.3-degree roll
which did not affect the spacecraft/sun vector direction since the motion was
around the roll axis. The second maneuver was @ 110. 5-degree yaw which
moved the spacecraft/sun vector to a position in the XZ plane 20. 5 degrees
from the X axis in the direction of the 7 axis. Since the sun vector was in
this position at vernier engine ignition, the sun sensors were not illuminated
by the sun.

As a result of spacecraft angular motion due tothe unbalanced moments
produced by the vernier propulsion system, the cells were first illuminated
2.55 seconds after vernier engine ignition, followed by cycles of darkness
and illumination as the spacecraft revolved. The illumination periods varied
from l.13 seconds following ignition to 0.25 second at engine cutoff since the
spacecraft experienced continuous angular acceleration during the burn
interval. At the end of this interval, the attitude of the vehicle was such
that illumination did not occur for five revolutions of the spacecraft.

4,7-12
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To match computer outputs to secondary sun sensor flight telemetry,
emphasis was placed on comparative characteristics at transition times
when the sun was passing into or out of sensor view. The primary charac-
teristics examined at these times included spin periods, precession periods,
and sun clock angles. These particular times were used since they pro-
vided the most accurate determination of sun position at specific instants.
At all other times, especially when the sun is within 20 degrees of the
spacecraft -Z axis, the position of the sun vector cannot be accurately
determined.

From sun sensor telemetry data, the cone and clock angles at the
transition times were plotted in Figures 4. 7-15 and 4. 7-16. In addition,
the transition points from the computer simulation of five thrust config-
urations are also plotted for comparison. These cases were selected for
more detailed study from the results of more than 30 runs made with the
spin simulation program. A standard initial moment of inertia matrix
was input. The effects of changing the initial moment of inertia matrix
values to fit the gyro crossover data is indicated in the figures of sub-
section 4. 7. 7. Figure 4.7-16 indicates that the best frequency and phase
agreements are obtained with the [1, 1] 2 and the [1, 0.9]0 cases.

Of these two cases, only the [1, 1]2 case provides good agreement with the
clock angles at transition for the first revolutions, as indicated in Figure
4.7-15. The computer generated cone and clock angles, as a function of
time for this best fit case, are plotted in Figures 4.7-17 and 4. 7-18.

To determine whether solar panel deflection would affect the
above results, equations relating solar panel deflection and spacecraft
motion were developed from spacecraft geometry and data from the
flexible response computer program. These equations were added to the
spin simulation program, but the maximum deflection obtained was less
than 0.1 degree, indicating that deflection of the panel would not materially
affect the simulation results.

4.7.6 SIMULATION OF AUTOMATIC GAIN CONTROIL DATA

The purpose of this study was to help verify assumed thrust level
profiles in the 20 seconds after the start of midcourse by comparing simu-
lated and flight automatic gain control data. The technique employed used
downlink signal power received at the Goldstone DSIF station (i.e.,
receiver automatic gain control data;* see Figures 4. 7-19 and 4. 7-20)

*#Oscillographs of automatic gain control data were made in nonreal time
by JPL from DSIF magnetic tapes.

4.7-16



68189-2-205

w
el
.-
=
o
N
— T T T v
+ amartapss 1 - H
et Tt +
m S R e A e e e
E =
el
68189-2-204 Do Ti R ri e e e a
ety | IR R Runatt sad b pas sueRbl vons s
[SeeetT Epeseaats LITEsssras cEETEEPeR TRITT ©
E T T T PR R T Saa -
Jpouans my ¥y bu o o e ]
Saanaal iy =
X e ans s [=}
i a8 bp P
a5 S it = K
. M e .- -
- P s o
= e i
==k : % : # ¥ ol
EERuiEE = HERERLE 5 I
T R : th
hsw: ; ik 8 S e =
e aeedn B 5 3 -5
R 1 iH B eiyesren m
i S i LR
Fae i o = -1 ) wn
St : ” TS —_
eaes ten: . M\.irsi m
==k ShET <
g Rk s oh
IETeTrseeeaes innsset 5
¥ Raatres ]
= il —
: e &f P (e}
[oeanar 4 Sl oaeas R o wn

Figure 4.7-15.

Solar Panel Sun Transits Versus Time
4,7-17

Figure 4.7-16.



for (1, 1)2 Thrust Condition

Sun Clock Angle

Figure 4.7-17.

Sun Clock Angle for (1,1)2 Thrust Condition

Figure 4.7-18.
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to verify the calculated spacecraft motion output from the digital simulation
as a function of assumed thrusts. During the short interval studied, the
only RF link parameter that should have changed appreciably was omni-
directional antenna gain. This gain variation is a direct result of
look-angle (from spacecraft to DSIF) changes due to tumbling; a map of the
spacecraft transmitting antenna gain contours in spacecraft coordinates

is shown in Figure 4. 7-21.

The spacecraft dynamic motion from the mathematical model was
transformed into a track of the earth vector in spacecraft coordinates suitable
for superposition on the omnidirectional antenna gain map (see Figure 4.7-22
for the look-angle trajectory for final selected thrust and moments combina-
tion). The intersection of these two functions produces a gain profile in time,
which is directly comparable to station automatic gain control variations.

The correlation between salient features of the simulated gain profile and the
DSIF AGC data was the criterion used to evaluate the various thrust level and
moment matrix combinations chosen. Any inaccuracy in the simulation
model was not considered in this analysis.

The initial part of this study was mainly concerned with matching the
two M-shaped waveforms which occur near times 4 and 5.5 seconds (reference
time is 264:05:00:03. 750) in Figure 4. 7-19. These waveforms can best be
reproduced when the earth vector traverses the -6 db contour (located at
coordinates 8= 84 degrees, ¢ = 10 degrees) in such a way that ¢is relatively
constant. Many of the thrust level combinations proposed could be imme-
diately discarded since it was obvious that they could not produce the correct
waveforms at the proper times.

Based on the preliminary study and analysis of sun sensor and gyro
data in this 20-second time period, it was decided to investigate in detail
certain cases which were still considered reasonable. These included modi-
fied thrust levels for the two engines that did fire, a non-zero (but small)
thrust level for the third engine, and a modified moment of inertia matrix.
For simplicity, the combinations used are referred to as (Ty, T, T3)M,

where

T, = ratio of assumed and telemetered thrust levels for engine 1

T, = ratio of assumed and telemetered thrust levels for engine 2
T3 = assumed engine 3 thrust in pounds

M = modified moments of inertia matrix

4.7-21
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In this way, the six cases investigated in detail can be called (0.9, 1, 0),
(0.9, 0.9, 0), (1, 0.9, 0), (1, 1, 0), (1, 1, 2), and (1, 1, 2)M.

Comparison of the gain and automatic gain control waveshapes (see
Figures 4. 7-23 through 4.7-28) for these six cases resulted in the conclusion
that (1, 1, Z)M produced the best fit with stationautomatic gain control.

Table 4. 7-3 summarizes the considerations that led to this choice. Two of

the cases were immediately rejected, since the spacecraft motion did not
have the correct period, producing a time displacement between the gain and
automatic gain control curves that was quite obvious after the fifteenth
revolution. A choice among the remaining four cases was much more sub-
jective, involving comparison of subtle features of the waveshapes. It should
be stressed that the antenna gain tolerances are large (2 db for high gains
and 8 db for low gains), and that small changes in look-angle could appreciably
alter the waveshape details. * Also, the antenna gain waveshapes had to be
""mentally smoothed' during the comparison to compensate for the low-pass
filtering used in processing the DSIF automatic gain control oscillographs.
Therefore, none of the four cases with the proper period should be con-
sidered unequivocally eliminated.

4.7.7 SIMULATION OF GYRO CROSSOVER PROFILE

Using the standard moment of inertia matrix discussed previously,
the simulated gyro outputs disagree significantly with the flight data for all
thrust factors selected which provide a reasonable fit to the sun sensor and
automatic gain control flight data. A plot of gyro output telemetry to the
same scales used for simulation outputs is given in Figure 4.7-29. A
typical example of the simulated gyro output for the standard inertia matrix,
[0,0,0,0,0, 0] ,1s given in Figure 4.7-30 with flight data points plotted for
comparison. This [1,1])2 thrust case is typical of the set of cases used to
fit the sun sensor and automatic gain control data ([0.9,1]0, [1, 0. 9]0,

[0.9, O. 9]0) in that the simulated pitch gyro crossover does not occur, the
simulated yaw gyro crossover occurs early, and the duration of the negative
saturation interval is approximately 2 seconds less than that of the flight
data.

In order to improve the correlation between gyro crossover, sun
sensor, and automatic gain control flight data, percentage variations were
made in the initial moment of inertia matrix elements. Although an exact
match to the flight data was not obtained, gyro simulated output is presented
in Figures 4. 7-31 through 4. 7-35 in which best match cases obtained are
presented. The sun sensor comparison plots for these cases is given in
Figures 4.7-36 and 4. 7-37.

*On some curves, 10 db errors occasionally occur on some of the peaks.
Estimated values have been drawn in for these instances.

4.7-27



TABLE 4. 7-3. SUMMARY OF AUTOMATIC GAIN CONTROL/GAIN
COMPARISON FOR THRUST LEVEL COMBINATIONS

Case Comments

(1, 1, 2)M Period correct. Dips in cycles 9 and 10 correct.
Peaks for cycles 11 through 14 correct.

(1, 1, 2) Period correct. Cycle 11 waveshape too smooth.
Peak of cycle 14 late.

(1, 1, 0) Period correct. Waveshape of cycle 10 too pointed.

(L, 0.9, 0) Period correct. Waveshape of first cycle has three
instead of two peaks, but otherwise correct,

(0.9, 1, 0) Signal has wrong period.

(0.9, 0.9, 0) Signal has wrong period.

4.7.8 SIMULATION OF INITIAL GYRO RESPONSE

In an attempt to match the pitch and yaw gyro angle response during
the first second of the midcourse period, perturbations were made in the
following:

Ignition time
Difference in ignition time between engines
Engine thrust level

Moments of inertia

The moment of inertia changes which were required to bracket the gyro
crossover response produced negligible effect on the simulated gyro outputs
(Table 4. 7-4).

A plot of gyro outputs (FC-16 and FC-17) and simulated gyro outputs
for the (1, 1)2 thrust level condition is plotted in Figure 4.7-40. The
effect of the uncertainty in ignition time (see subsection 4.7.9) is indicated
in the maximum and minimum values plotted. A close fit to the pitch gyro
data could be obtained by appropriately selecting the ignition time; however,
a fit to the yaw gyro data could not be obtained. It should be noted that due
to the ‘saturation characteristics of the gyro telemetry output, the curve
shape is not representative of the actual flight motion for gyro angles greater
than 4 degrees.
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The effect of an engine 2 ignition delay with respect to engine 1 is
indicated in Figure 4. 7-41, Engine 1 ignition time was selected to provide
a best fit to the pitch gyro output. From this figure, it appears that an
ignition delay of engine 2, with respect to engine 1, of 50 milliseconds
would be required to match the yaw gyro data.

In order to obtain a better fit to the curve shape of the yaw gyro, the
thrust factors were varied in addition to the above. The best fit case is
indicated in Figure 4, 7-42. If ignition delay between engines 2 and | is not
included, the ratio between engines 1 and 2 thrust factors to obtain a good fit
to the yaw gyro data must be increased to nearly 1. 2,

4.7.9 MIDCOURSE THRUST DURATION

To establish time intervals within which telemetry data indicate that
the events of vernier ignition and shutdown must have occurred, all
telemetry signals correlated to these events were examined. Acceleration
error signal, pitch and yaw gyro errors, roll precession command, engine
thrust commands, and engine strain gages are affected by ignition and
shutdown, However, the gyro error signals do not show a sufficiently large
change at ignition and are saturated at the expected time of shutdown. Also,
midcourse was conducted in a constant acceleration mode, causing an
acceleration error signal to appear as soon as the ignition command was
received. The acceleration error, in turn, produced thrust commands; yet
none of these events specifically required the vernier engines to be actually
firing. Therefore, the signals employed to accurately establish the events
of ignition and of shutdown were the strain gage channels, P-18, P-19, and
P-20, Since vernier engine 3 strain gage gave no evidence of thrust from
that engine, only P-18 and P-19 could be used.

The following specific times are defined for the thrust phase:
1) to actual time at which vernier engines ignited

2) t., time when end of operational thrust occurred and thrusts
began decaying toward zero

3) tZ’ time when thrust had decayed to zero
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The occurrence of a given event can be restricted by a single
telemetry signal to the interval between successive samples, When two
telemetry signals are available, this interval can be further restricted, as
seen in Figure 4.7-43, by combined estimates. This procedure has been

used to determine the maximum and minimum values of the following in
Figure 4, 7-44:

At = operational vernier engine thrust, from ignition at tq
ol
to start of thrust decay at t

Atoz = engine thrust period, from zero thrust at ty to zero
thrust at tp

AtIZ = engine decay time, from start of decay at t] to zero
thrust at tp

4.7.10 MOMENT OF INERTIA UNCERTAINTY

Two independent sources introduce errors in the moment of inertia
matrix, The first source includes prelaunch weight and center of gravity
uncertainties of each spacecraft component and, in addition, positional
uncertainty (mounting error) relative to the spacecraft frame. The second
source is the shift of the vernier engine propellant center of gravity away
from the spacecraft roll axis (%) due to an angular velocity about the z axis,

4,7.10,1 Prelaunch Uncertainties

Values of the moments of inertia and the products of inertia are
calculated by the Mission Mass Properties Profile computer program.
The accuracy of the computed values for the moments of inertia was
demonstrated on SC-2 when actual measurements (accurate to approxi-
mately *l percent) of these moment of inertia matrix elements were
performed. For those tests, the computed values were shown to agree with
the measured moments of inertia within £2. 5 percent for the dry landed
weight configuration, No actual measurements of the spacecraft products of
inertia have been made to determine the accuracy of the mass properties
calculations,

The program calculates the entries to the moment of inertia matrix —
moments of inertia and products of inertia — using weights and locations
from specification drawings or actual measurements for all spacecraft units.,
The inertia matrix is determined with respect to the spacecraft coordinate
origin, then axes are relocated by the parallel axis theorem at the center of
gravity, which is also computed. When the actual weight and center of
gravity location in the X-Y plane are measured at AFETR, the inputs to the
program are ''corrected' to ensure that the computed and measured values
of weight and center of gravity position agree,.
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Analysis of this correction procedure has shown that, for the
magnitude of correction in weight and center of gravity location required for
SC-2, the products of inertia determined in subsequent computations could
be in error by as much as 5 to 6 percent.

The spacecraft center of gravity vertical location is only known to
within 0. 25 inch and is not measured at AFETR when the spacecraft is in its
final configuration, Transformation from the spacecraft coordinate origin
to the center of gravity as the reference point for the inertia matrix
introduces an error in Ixx and Iyy on the order of 1 percent due to
uncertainty in the Z coordinate of the center of gravity.

This discussion is not intended to specify the inaccuracies involved
in the moment of inertia matrix entries, but rather to point out that they
exist and give a general indication of their magnitude. The accuracy of the
products of inertia calculated by the mass properties program can not be
specified since there are no measurements for comparison. However, test
data indicate that the computed moments of inertia are within 2 to 4
percent of the true spacecraft values,

4.7.10.2 In-flight Uncertainties

As the spacecraft spins about the roll axis (2), the resultant
centrifugal force causes the vernier engine propellant to shift away from the
Z axis (see Figure 4. 7-45), This produces a change in the moment of
inertia of each of the six propellant tanks about the Z axis, which, in turn,
change the spacecraft moment of inertia (I,,). To compute the maximum
change in I;,, assume the,propellant in each tank moves such that its
surface is parallel to the Z axis. Figure 4.7-45 shows how the liquid
moves from its prelaunch condition to the position in a zero g field under
the influence of a centrifugal force. For ullage of 48, 7 in> in each tank, the
center of gravity shift is 0, 28 inch. This shift corresponds to a propellant
loading of 182, 4 pounds and produces a change in I,, from all six propellant
tanks of 0.6 slug ft2 or 0. 3 percent.

4.7.11 CLOSED-LOOP ANALOG SIMULATION RESULTS

Spacecraft behavior during midcourse thrusting has been investigated
with a closed-loop mixed simulation involving flight-type flight control
electronics hardware and an analog computer mechanization of vehicle
dynamics (Figure 4, 7-46), The major advantage of the mixed simulation
approach is the accurate representation of all electronic saturation charac-
teristics. Previous simulation studies, involving only analog computer
equipment, were not successful at reproducing the thrust command profile
during the l-second period following midcourse ignition. This was due
mainly to the difficulty of simulating the sdturation characteristics which
have a strong influence on actual vernier engine thrust levels.
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Also included in the mixed simulation (and not considered previously)
were the effects of pitch and yaw gyro errors at midcourse ignition. Initial
errors are possible up to 0,4 degree per axis due to limit cycle deadband
and electronic offset, and have a strong influence on initial vernier thrust
levels,

The assumed conditions for engine thrust response were zero thrust
from engine 3 and normal thrust from engines 1 and 2. By selecting
realistic initial gyro errors and engine ignition delays, a good reproduction
of initial pitch and yaw gyro error telemetry signals was obtained
(Figure 4,7-47). Also, simulated vernier engine thrust behavior showed
qualitative agreement with strain gage telemetry signal waveforms. These
results demonstrate that the initial pitch and yaw motions observed at
midcourse ignition are reasonable responses under the conditions listed
above,

The mixed simulation mechanization is shown in Figure 4, 7-46 with
the flight electronics contained in the dashed rectangle. All other equipment
used is part of the analog computer. The engine throttle response, gyros,
and telemetry lags were mechanized on the analog computer along with the
spacecraft rigid body dynamics., The roll loop was mechanized entirely on
the computer. Relay switching was set up to start analog computation when
midcourse was commanded from the electronics. Vernier engine thrust was
delayed from this command to simulate the ignition delays.

The computer simulation was run for the following condition:

Gyro saturation, degrees Pitch 15,5

Yaw 21.6

Roll 16,8
Engine ignition delays, seconds Engine 1 0.050

Engine 2 0. 100

Initial conditions, volts

Pitch demodulator output 0.0
Yaw demodulator output 0.26 (0.4 degree)

A recording of the simulation results is given in Figure 4, 7-47 with
telemetry data points superimposed on the vernier engine thrust traces
(T; and T;) and the pitch and yaw gyro errors (64 and Gy). The computer
output matches the flight data reasonably well,

4,7.12 SPACECRAFT MOTION

To describe the spacecraft motion for 20 seconds after the midcourse
correction was attempted (t = 0 sec), the digital spin program was used to
generate time dependent curves for spacecraft axes motions, angular velocity,
angular momentum, and sun vectors in both inertial and body coordinates, All
of these quantities have been plotted for the same thrust level/moment of
inertia combination of (1, 1) 3; (0, 0, 2, -10, -20, 0).
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Figure 4. 7-48 represents the elements of the direction cosine
matrix (CT) which transforms a body fixed vector into inertial coordinates.
To obtain the motion of the roll axis (Zp) in inertial coordinates, for example,
the direction cosines can be plotted at CAT(l, 3),ACT(2, 3), and CT(3, 3) of
the Zp axis relative to the inertial Xy, Y71, and Z1 axes, reAspectively, on a
unit sphere. This presents a visual representation of the Zp axis for the
20-sec¢ond period of interest. (The motion of the spacecraft pitch (XB) and
yaw (Yp) axes are obtained similarly.) Figure 4,7-49 shows the time
dependent behavior of angular velocity and angular momentum. Both the
spin and angular momentum magnitudes increase almost linearly until ver-
nier engine thrust is terminated (9.8 seconds) and are constant from then
until the next thrust period.

Figures 4.7-50 through 4. 7-53 describe the spacecraft angular veloc-
ity vector (W) motion in sHacecraft and inertial coordinates. Figure 4.7-50
shows the components of W in inertial coordinates. The X, Y, and Z com-

ponents increase when the vernier engines are thrusting and then oscillate

about values of approximately -350, 300, and -22 deg/sec, respectively.
Figure 4.7-52 is a graph of the components of W expressed in body coordi-
nates. After thrust has been terminated, the components are sinusoidal in
nature. Figure 4.7-53 gives the clock angle ¢ and the cone angle 6 for the
direction of W in spacecraft coordinates. Figure 4. 7-54 shows how the
direction of the angular momentum changes over the 20-second period of
observation in inertial and body coordinates, respectively. In inertial
coordinates, both the cone angle and clock angle are essentially sinusoidal
from 4 to 9.8 seconds and, as would be expected, are constant from 9.8
seconds until the next vernier engine firing. In body coordinates, the clock
angle completes one revolution, and the cone angle turns 350 degrees in this
same 20-second period. Figure 4.7-55 gives the clock angle and cone angle
for the sun vector expressed in body coordinates. When the cone angle
exceeds 90 degrees (roughly), the sun illuminates the solar panel. Figure
4,7-56 is a time plot of the computed gyro output angles.
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4.8 POSTMIDCOURSE SEQUENCES

4, 8.1 OPERATIONAL DISCUSSION

Additional 2-second firings were recommended to attempt to clear
the vernier engine 3 problem, and, if successful, to possibly restabilize the
spacecraft., A firing sequence, using the midcourse thrusting level, was
attempted at L + 18H56M and again at L + 19H18M without success.

Since the spacecraft was rotating such that solar panel output was
zero, the only sources of power for the spacecraft loads were the main and
auxiliary batteries. To conserve energy, flight control coast phase power
was turned off periodically (i. e., power on for 40 minutes and off for
90 minutes) while maintaining the flight control gyro and electronic tempera-
tures above 70 and 0°F limits, respectively.

An interrogation of modes 2 and 4 at hourly intervals was initiated.
Also, auxiliary battery mode was commanded when the auxiliary battery
temperature was 35°F to utilize the energy of this battery and to keep it
from approaching its lower operational limit,

Since a possible cause of the vernier engine failure was a stuck fuel
regulator valve, it was decided to pulse fire the engines five times (with a
0. 2-second period per firing and a 5-minute interval between firings) and
then fire the engines for a 2-second interval. This sequence was first used
at L + 31HI12M and completed at L +35H2M. Engine 3 did not appear to fire,

Four additional attempts to achieve thrusting with the same pro-
cedure were made at hourly intervals (i. e., initiated at L + 36 H28M,
L + 37H29M, L + 38H45M, and L + 39H45M), but all proved ineffective,
It was then decided to try a higher thrust level with less rise time by placing
the flight control subsystem in the postretro eject condition. This was
accomplished by commanding retro sequence mode on and emergency retro
eject prior to turning on the flight control thrust phase power, thereby
preventing the ejection of the main retro engine while placing the flight
control programmer in the desired state. This sequence was completed at
L + 41HI1M with the commanding of vernier engine ignition for approximately
2 seconds controlled manually (i. e., engine shutoff by ground command).
Again, the results were negative., With each attempt to fire the engines, the
spacecraft rotation rate increased so that by the time of the postretro eject
thrusting completion, the spin rate was approximately 1. 54 rps.
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Between the second and third vernier engine firings, the planar array
was commanded upward from its launch position to lower the solar panel for
partial illumination. This was desirable for two reasons: 1) to obtain more
energy for the spacecraft, and 2) to illuminate somc of the secondary sun
sensor cells (mounted on the solar panel face) so that the actual spacecraft
orientation could be established. Two attempts, at L + 38H13M and
L + 38H19M, to move the planar array were unsuccessful, apparently due to
the opposing force crcated by the spacecraft spinning.

Preparations were then made for the following operations: 1) stepping
the solar pane] illuminating its active face and the sccondary sun sensor
cells, 2) determining whether a zero-shift had occurred in the helium pres-
sure telemetry signal by dumping the helium and recording the pressure
decay function, 3) evaluating the capability of the main battery to continue to
supply power reliably under the heavy terminal descent load conditions
(i. e., flight control thrust phase power on, high power transmitter on,
RADYVS on, etc. ) when the remaining battery energy is low (i. e., on the
order of 15 to 30 amp-hr remaining), and 4) firing the main retro engine in
the normal terminal descent mode., At L + 42H22M, the unlock solar panel
squib was blown by ground command, resulting in a solar panel position
telemetry signal change of approximately 23 degrees, indicating that the
force on the panel created by the spacecraft spinning caused the panel to
move., Further attempts to move the panel by command were mostly
unsuccessful,

At I. + 43H13M, a new sequence for pulse firing the engines five
times (0. 2 second for each firing, with 1 minutc between firings), followed
by a 20-second firing in the postretro eject mode, was executed, ending with
the 20-second thrusting at L. + 43H33M, Although vernier engine 3 tempera-
ture rose approximately 24°F (as compared to approximately 100°F for
engines 1 and 2) during the 20-second firing, the engine did not respond

properly,

At L + 44H41M, the helium dumping sequence was initiated, confirming
that a zero shift in the helium pressure telemetry had occurred and accounted
for the relatively large decrease when the system was initially pressurized.

At L + 44H48M, flight control thrust phase power and RADVS were
turned on. At this time, the estimated energy remaining in the main battery
was 10 amp-hr. The bus voltage dropped from 19. 4 to 17. 3 volts, with a
load of 47 amperes on the battery, RADVS was then turned off before pro-
ceeding with retro firing.

At L + 45H2M, the emergency AMR command was sent to initiate
the retro engine firing sequence. Ignition of vernier engines 1 and 2, as well
as the main retro engine, were verified. Contact with the spacecraft was
lost approximately 30 seconds after retro engine ignition,



Although there were no more telemetry or tracking data available,
the spacecraft continued on its trajectory toward the moon, striking the
surface at approximately 265:03:42:54 (flight time was 63. 2 hours).
The landing location is helieved to be 0, 55 degree north latitude, 0. 83 degree
west longitude. These data were taken from the last trajectory prediction
made after midcourse, and are not as accurate as data from a normal flight.

4. 8.2 ANALYSIS OF SPACECRAFT ROTATIONAIL MOTION

Simulation of spacecraft motion during midcourse firing, as discussed
in Section 4. 7 depends on the integration of the equations of motion under a
set of assumptions concerning engine performance and other pertinent
variables. This simulation attempts to find the set of assumptions which
allow best approximation of the observed data. It would be desirable to
determine from independent sources as many of the parameters of space-
craft motion as possible, so that these could be compared to the values from
powered flight simulation, thus providing an additional check on the results
of the simulation. Useful parameters for this purpose are the motion of the
spin vector in spacecraft coordinates and the location of the angular momen-
tum vector in inertial coordinates, Angular momentum in spacecraft
coordinates can be determined from the spin vector and will change as the
spin vector moves,

A number of independent types of data provide an indication of
spacecraft rotational motion after midcourse. These are as follows:

1) Spacecraft temperature distribution

2) Gyro crossovers shortly after vernier shutoff
3) Variation of DSIF received signal strength

4) Behavior of solar panel elevation servo

5) Retro accelerometer output during retro firing

4,8.2.1 Spin Vector Orientation From Temperature Distribution

The variation of temperature as a function of location on the space-
craft is the most positive indication of the general direction of the spin axis,
although these data provide a less precise determination of the direction of
this axis. The thermal analysis indicates that the spacecraft-sun vector was
in the quadrant bounded by the +X, -Y, and +2Z spacecraft axes (Reference l)..
Figure 4. 8-1 shows the bounds of the probable sun vector locations. The
spin vector would also have to be within this envelope.
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4.8.2.2 Gyro Zero Crossings and Postmidcourse Tumbling Dynamics

When the vernier engines were shut off after midcourse, the space-
craft was spinning with a period of about 0. 8 second, and the spin axis was
precessing with a period of 12, 5 seconds. About 7 minutes after start of
midcourse thrust, the precession was essentially damped out by the non-
conservative forces in the spacecraft and the gas jet operation, resulting in
a pure spin. The axis of spin was that spacecraft principal axis of inertia
with either the largest or the least moment of inertia. In this case, analysis
shows that it was the former. This principal axis would also be the axis of
precession after midcourse and later firings. By diagonalizing the inertia
matrix of the spacecraft, the direction of this principal axis, R, was found
to be as follows (Reference 2):

6 = -54°15'
b
v

el = 28. 90
71°13! or

It

D
1

41, 8°

-41°50'

where®8, ¢, ‘P,Bl,and 8> are defined in Figure 4, 8-2, When the precession had
been damped out, the pitch and roll gyro error signals were saturated nega-
tively and the yaw gyro error signal was saturated positively (both in rate
and inertial mode). This verifies that the spin vector was in the quadrant
indicated by thermal analysis,

Since the spin is about a principal axis, this axis must also contain
the angular momentum vector. Figure 4. 8-1 shows the location of this
vector relative to the sun direction. If the angular momentum was about
the computed principal axis, it can be seen that the projections in the XZ
plane of the sun-spacecraft vector and the inertial angular momentum vector
were within about 20 degrees of each other,

An attempt to determine, independently of the powered flight simula -
tion, the angular motion and orientation of the spacecraft at vernier shutoff
was made by fitting the pitch and yaw gyro zero crossings after vernier
shutoff to Eulers equations for a force-free tumbling body, as follows:

Lw, = (I - L) w,w,

LW, = (I, -1

LW, = (I

373 1) W W, (1)

where

Wl’ WZ’ and W3 = angular rates about the principal axes

11 > I2 > 13 = moments of inertia about these axes

4.8~5



EC
ﬁ,-‘i = cos &
?E ‘7: = Cos Y’
)( Fa'if = cos W
-Z
Fe (;'“h WHEN PRECESSION

‘_\6 / DAMPS ou‘r)

6, =

B. uniT vecTors X, ¥, Z anp R B

Figure 4.8-2. Definition of Direction Cosines and Unit Vectors

4.8-6



The solution of these equations is the following Jacobian elliptic functions:

W, = edn|P(t —tO)]
W, = psn [Pt -tO)]
W3 = Yen rP(t - tO)] (2)

A typical plot of sn(X), cn(X) = V1 - sn(X)2, and dn(X) = VI - K2en(X)2 is
shown in Figure 4, 8-3. o,f, Y, P,and R are constants which depend on

Iy, Iz, and I3, the total angular momentum and total rotational energy.

Note that W) = o dn[P(t - to)] never changes sign. This is because the spin
vector precesses about principal axisland is never more than 90 degrees
away from it, W) and W3 do cross zero due to the precession (Figure 4. 8-4).
Later, when the precession is damped out, W] = W and Wy = W3 =0,

The pitch and yaw gyro data following vernier shutoff are shown in
Figure 4. 8-5. The roll gyro was in negative saturation throughout the period.
Although the gyros were in the inertial mode and would have normally meas-
ured angular position, in the present case the only quantitative data that can
be derived are the times of zero gyro rates, The high angular rates precess
the gyro output axis against the stops until the angular rate reverses polarity
(due to precession). When the angular rate changes polarity, the gyro is
precessed to the other stop. If the gyro dynamic lags are ignored, the gyro
will leave the stops at exactly the time the rate reverses sign. The gyro
telemetry measurement will unsaturate slightly later because the telemetry
range is less than the gyro range (8 degrees versus 15 degrees). Thus, it
can be assumed that Wp or Wy = 0 shortly before the pitch or yaw gyro
telemetry measurement unsaturates,

Figure 4, 8-5 shows that Wp is negative for longer periods than it is
positive, and Wy is positive for longer periods than it is negative, Wz is
always negative. This results from the fact that the spacecraft X, Y, and Z
axes are not coincident with the principal axes, The equations for pitch yaw
and roll rate are as follows: '

Wp = &) Wy tA, W, +4 . W,
Wy = Ay Wyt A, Wt A, W,
Wy = Agp Wyt AL, Wot A Wy (3)
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where Aij are the direction cosines between each principal axis and each
spacecraft axis, Numerically

— -—() 332 by (] [ - - O. 6425 S)llp t - 1: 4 8 -

It can be seen that these equations are qualitatively consistent with
the gyro data. Since Lisa positive constant and dn[P(t - to)]is always
positive, the term Q/-dn[P(t - tO)] produces a bias in each gyro measurement,
From Equation 4, pitch and roll rate have the same polarity bias; yaw has
the opposite bias as observed in the telemetry. Also, the negative bias in
roll is larger than in pitch, accounting for tHe fact that roll rate is always
negative. The ratio2 and P depends only on the inertia matrix which is
presumed to be known and a constant R. Since & depends only on the inertia
matrix, if value of R can be found which causes Wy, Wy, and W, to fit the
telemetry data, the spacecraft rotational motion can be completely described
inspacecraft coordinates for the period following the midcourse maneuver,

A computer program that computes Wx(t), Wvy(t), and Wz(t) for a given
value of R has been written. A fairly good fit to the data can be obtained
(Figure 4, 8-6). However, it is not believed that the uncertainty in the gyro
zero crossing times is sufficient to account for the differences between the
data and the simulation, Furthermore, it can be shown that a better fit is
not possible with the inertia matrix used. In order to improve the fit, it
would be necessary to change the inertia matrix to shift the principal axes.

A similar conclusion arose in the analysis of the spacecraft dynamics
during the thrust period (Section 4. 7). Ithas not yet been determined whether
or not there is enough independent data to refine the inertia matrix, as well
as determine the parameters of the motion,

An attempt was made to fit the solution of Eulers equations to the
telemetered strain gage measurements since, with the engines off, the strain
gage output is due entirely to spacecraft angular motion, However, it was
not possible to fit these data, apparently, because the formula for strain
gage output did not include the effect of torsional stress on the gage output.
The response of the strain gages to torsional motion is being measured.

It should be noted that the location of the principal axes was such that
there was not time (when the orientation of the spacecraft would have made it
possible)to cancel out the spin rate by firing the vernier engines. However,
this was not true in general. If an engine other than W3 had failed, it would
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have been theoretically possible tofind a time, while the spacecraft was
precessing, when the torque vector, due to the thrust imbalance, would have
been opposed to the angular momentum vector and thus capable of reducing
the spin rate.

DSIF Signal Variation Due to Spin

Another source of information concerning spacecraft motion after the
midcourse maneuver is the oscillation in signal strength observed at the
DSIF. These data have been used in the analysis of the motion during mid-
course thrusting (Section 4. 7). After midcourse, these data were used to
determine the variation of spin rate with time and to observe the effect on
spin rate of the 39 vernier engine firings that followed midcourse (Figure
4. 8-7).

Solar Panel Motion

On 265:06:35, the solar panel was unlocked by radio command. The
panel subsequently moved from its transit position at 270 degrees to a
position of approximately 249 degrees (Figure 4. 8-8). The solar panels
were then stepped 87 times in the negative direction, which should have
moved them 10, 9 degrees to 238, 1 degrees, but the panel only moved to
246 degrees. Thus, it appears very likely that the spin axis projection in
the XZ plane is perpendicular to the solar panel when the panel is between
246 and 249 degrees. Then the component of the spin vector in the XZ plane
is between 21 and 24 degrees from the -Z axis (Figure 4. 8-1). This is
within the range of values consistent with the results of the thermal analysis,
but is in disagreement with the location of the major principal axis (which
should also be the spin axis) whose projection on the XZ plane is 41, 8 degrees
from the -Z axis.

The disagreement between the location of the principal axis and the
spin axis indicated by the solar panel motion could be due to errors in the
inertia matrix. However, it should be noted (Figure 4, 8-1) that the XZ
component of the spacecraft-sun vector location estimated from the thermal
analysis is between 20 and 60 degrees from the Z axis, The spin vector
calculated from the solar panel motion is near the extreme end of this band
(21 to 24 degrees from the Z axis). It would be expected that the spin vector
would be further inside the band of Figure 4. 8-1, and it appears that the
results of this figure are more consistent with the spin vector indicated by
inertia matrix considerations than with the spin vector from solar panel
motion analysis. Unfortunately, the significance ascribed above to the
solar panel motion is questionable, Also, no measure of the spin vector Y
component can be determined from the solar panel motion.

Retro Accelerometer Data

Spacecraft rotation also produces a centrifugal acceleration on

the retro accelerometer. An analysis (Reference 3) has been performed to
determine the spin vector orientation which, combined with the measured
spin rate (92, 3 rpm), would produce the retro accelerometer output observed
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during the period just preceeding the 20-second firing. The results are
shown in Figure 4. 8-9. The spin axis would have to lie on the contour of

the ellipse-like curve to cause the observed retro accelerometer output of
3.42 g Orientation of the major principal axis is also shown in this figure,
This principal axis, which should be the steady-state location of the spin
axis, falls reasonably close to the curve. The difference is about 5 degrees
in 6; and 4 degrees in 8,. The uncertainty in the location of the curve is due
to accelerometer errors, errors in spin rate, and errors in the location of
the center of gravity relative to the accelerometer are probably considerably
greater than the distance between the curve and the point that represents the
principal axis, The uncertainty in the calculation of spin axis location from
retro accelerometer data will receive more detailed examination, The
results presented here are somewhat different than those in Reference 3.
The results given in this reference were obtained from data taken just after
the 20-second retro firing when the spin axis had been torqued away from its
steady-state position and when the spin axis was precessing., The results
presented in this report were calculated from retro accelerometer data taken
just before the 20-second firing (265:08:02).

4, 8.3 SUMMARY

The values of 6] and 6, for the steady-state spin vector (Figure 4. 8-2),
derived from the various data sources are listed in Table 4. 8-1. The angular
momentum vector in inertial coordinates appears from the thermal analysis
and inertia matrix considerations to be within 20 degrees of the sun-
spacecraft vector,

TABLE 4, 8-1. SUMMARY OF SPACECRAFT ROTATION AXIS ANALYSES

01, degrees 0,, degrees Notes
Thermal analysis * -30 to =70
Inertia matrix 28.9 -48. 5 Probably most accurate

determination

DSIF Sig nal S Sk
strength variation

Solar panel motion * -66 to -69 Questionable

Retro accelerometer| -8 to +34 -35 to =55 ) and@,are correlated
(See Figure 4, 8-9)

*Cannot be determined from this data source.
**Has not been analyzed for this purpose. Data does not appear capable of
improving estimates of 6] and 0,.
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4.9 RELIABILITY ANALYSIS

4.9.1 PERFORMANCE

Assessment of performance from a reliability standpoint mainly
concerns relevant failures and unit operating time. To date, there are four
failure modes (TFRs) (Reference 1) pertaining to the mission. They are
listed in Table 4.9-1 with descriptions and current status. Unit operating
experience is listed in Table 4.9-2 with unit part and serial numbers. The
unit operating time and cycle information was developed by translating
commands transmitted to the spacecraft.

4.9.2 PERFORMANCE VERSUS PREDICTIONS

The predicted reliability for the transit phase was 0.66. The growth
pattern of reliability estimates prior to launch is shown in Figure 4.9-1.
These predictions excluded consideration of the use of nonstandard procedures.
For comparison, the SC-1 growth pattern is included.

Although two mission attempts, successful or not, cannot in them -
selves completely justify or vitiate prediction methods, data collected during
those missions do serve as a basis for investigation of areas of possible
improvement in prediction. )

4.9.2.1 Reliability Math Model (Nonoperating Equipment)

An assumption used throughout the reliability math model is that
electronic equipment in the nonoperating state has a failure rate equal to
1/100 of the failure rate during its operating state

Noge = 0.01N

Experience gained on both SC-1 and SC-2 indicates that this factor may be
too high, Detailed analysis of this parameter has been initiated,
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TABLE 4.9-1, MISSION TFR SUMMARY
TFR
Number Description Status (on 1 December 1966)%

18247 At approximately the time of the Closed. Relevant. Cause of failure
legs extend signal (35 seconds is attributed to noise pulse sensi-
prior to Centaur separation) the tivity of flight control output
flight control sensor group latches. ECA 11175 and related
reverted to inertial mode from drawings 284544 and 284546 provide
rate mode (should have remained | corrective action and will be incor-
in rate mode until 52 seconds porated for SC-3 and subsequent
after Centaur separation). spacecraft.

18248 Spacecraft failed to maintain Open. Fazilure Review Board to
stable attitude during midcourse provide detailed analysis,
correction.

18249 Receiver B was reading below Open. Under investigation.
specification values from 90
minutes before launch to end of
mission.

18250 Canopus sensor failed to achieve | Open. Affects only spacecraft
automatic star acquisition. operational procedures by require-

ing manually commanded lockon.

18251 No intelligible data were Closed. Relevant. Cause of failure
received from commutated is unknown. Loss of some engineer-
signal of flight accelerometer ing data on launch vibration only.
CY 53 0 during launch.

18252 No intelligible data were Closed. Relevant. Cause of failure
received from the commutated is unknown. Loss of some engineer-
signal of flight accelerometer ing data on launch vibration only.
CY 52 0.

18253 Vernier line 2 heater was full Open. ECA 113043 initiates
on and line temperature still investigation of line heater assembly
decreased prior to midcourse unit level tests.
correction.

18254 Helium tank pressure sensor Closed. Relevant, Cause of failure

(P-1) experienced a -528 psi
"zero shift'" at helium release
squib actuation.

was shock seen by the transducer
at squib release, For SC-3, the
P-} helium tank pressure signal
will be displayed in analog form
during squib release to permit
immediate positive verification
of a ""zero shift' prior to
midcourse correction.

% For additional data, see subsection 3. 1.
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TABLE 4.9-2., MISSION B UNIT OPERATING
TIME AND CYCLE DATA

Time, hours

Part Serial {or number of
Subsystem and Unit Number Number flight cycles)
Telecommunications
Central command decoder 232000-5 3 45.6
Engineering signal processor 233350-7 1 1.6
Auxiliary engineering signal processor 264900-3 3 36.6
Signal processing auxiliary 232540-1 1 1.0
Low dala rate auxiliary 264875-2 2 29,0
Omunidirectional antenna A 232400 12 45.6
Cmnidirectional antenna B 232400 21 45.6
Omnidirectional mechaniam A 287300-1 2 1 cycle
Omnidirectional mechanism B 273880-1 1 1 cycle
Central signal processor 232200-8 2 45,6
Transmitter A 263220-4 15 —
Transmitter B 263220-4 11 45.6
Receiver A 231900-3 15 45.6
Receiver B 231900-3 16 45.6
Low pass filter A 233466 1 45.8
Low pass filter B 233466 2 45.6
Telemetry buffer A 290780 13 45.6
Telemetry buffer B 290740 14 45,6
RF transfer switch 283984 15
SPDT RF switch 283983 13 2 cycles
Televigion
Survey camera 284312-3 11 —
Approach camera 284302-1 13 -
Television auxiliary 232106-5 11 -—
Vehicle mechanisms .
Thermal sensors (total for 23) 988653 1048.8
Thermal control and heater assembly A 232210-} 15 45.6
Thermal control and hedter assembly B 232210-2 18 45.6
Thermal switches compartment A 238810 410.4
Thermadl switches cumpartmenl B 23BBL1 273.6
Thermal shell compartment A 286459 1 45.6
Thermal shell compartment B 286460 1 45.6
Spaceframe 264178-1 1 45,6
Engineering mechanism auxiliary 263500-6 12 45,6
Landing gear 1 261278 4 1 cycle
Landing gear 2 261279 3 I cycle
Landing gear 3 261280 4 1 cycle
Footpad leg 1 263947 -
Footpad leg 2 263947 -
Footpad leg 3 263947 -
Crushable blucks
Shock abesorber leg 1 264300-1 9 1 cycle
Shock absorber leg 2 264300-1 10 1 cycle
Shock absorber leg 3 264300-1 11 i cycle
Wiring harness compariment A 286207 4 45.6
Wiring harness compartment B 286242 ] 45.6
Wiring harneas basic bus | 3025357 1 45.6
Wiring harness basic bus 2 286398 2 45.6
Wiring harness anlenna solar panel positioner 286417 1 0.2
Wiring harness auxiliary battery 264100 3 3.0
Wiring harness TV camera 276979 5 —
Wiring harness RF cabling 36.9
Wiring harness retro motor 286390 2 0.1
Wiring harness battery cell voltage 3025155 2 15.6
Antenna solar panel positioner 287580 1
Roll 700 cycles
Solar 1001 cycles
Polar
E.evation
Separation sensing and arming device 293400 1 1 cycle
9 each
7
Propulsion
Retro rocket syatem 238612 A21-27
Vernier engine 1 2850631 542
Vernier engine 2 285063-2 546
Vernier engine 3 285063-3 544
Electrical power
Battery charge regulator 274100-4 12 45.6
Buost regulator 274200-12 14 45.6
Auxiliary battery control 273000-2 16 45.6
Main power switch 254112 5 45.6
Main battery 237900 63 45.6
Auxiliary battery 237921-1 64 3.0
Boust regulator unregulated filter 290080 12 45.6
Boost regulator unregulated choke 290396 12 45.6
Solar panel 237760-3 2 45.6
Flight controls
Flight cantrol sensor group 235000-9 1
Cuast phase 38,5
Thrust phase 30
Radar and guidance RADVS
Signal data converter 232908-2AM7 9 0.2
Klystron power supply 232909-AM3 5 0.2
Altitude velocity sensor antenna 232910-AM4 6 0.2
Velacity sensor antenna 232911-1AM3 5 0.2
Waveguide 232912-AM3 5 0.2
Allitude marking radar 283827-1 13 0.1
Roli actuator 235900-3 7 3.0
Altitude jet leg | 235700-2 1 984 cycles
Altitude jet leg 2 235700-3 4 984 cycles
Altitude Jet leg 3 235700-3 5 304 crl
ycles
Secondary sun sensor 235450-1 2 22.8
Pin pullers
Pin puller a 9 cycles
p cartridges 9 cycles

*Data source: DSS tapes.
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4.9.2.2 Reliability Math Model (Boost Vibration Effects)

Boost phase (vibration stress) failures in electronic equipment are
assumed to occur at a rate equal to 80 times the failure rate during non-
boost periods,

A = 80

on boost on

Noff boost = 80 Mogf

This factor may also be too high and is included in the analysis of off time
failure rates.

4.9.2.3 Reliability Math Model (Propulsion Subsystem)

Data-based estimates of the propulsion subsystem reliability assumed
a binomial distribution of successes and failures. Experience gained on
SC-1 and SC-2 test programs and flights indicates a possible requirement for
inclusion of additional parameters. In particular, within the vernier propul-
sion system, the following are presently under inve stigation: distribution of
the difference between thrust realized and thrust commanded, effect of these
dispersions upon moment control, and effect upon probability of propulsion
subsystemn success.

4.9.3 FUTURE RELIABILITY PREDICTIONS

Reliability predictions for future spacecraft will include SC-2
mission unit experience, as well as SC-1 transit and lunar phase experience,
where there are no significant design differences among units,
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5.0 PERFORMANCE ANAL YSIS

5.1 THERMAL CONTROL SUBSYSTEM

5.1.1 INTRODUCTION

5.1.1.1 Surveyor Thermal Control Techniques

The Surveyor thermal design uses a variety of temperature control
techniques. Both active and passive systems are employed to provide the
required temperature control throughout the transit and lunar phases of
the mission. KEach spacecraft subsystem is individually controlled, and the
thermal coupling between subsystems is minimized by using conduction and
radiation isolation wherever advantageous. Subsystem analyses are accom-
plished by evaluating in detail the thermal environment for each subsystem,
with consideration being given to all significant interactions between the sub-
systems whenever a high degree of isolation is not possible.

The following temperature control techniques are used on the
Surveyor spacecraft:

1) Passive thermal control utilizing combinations of paints and
metal processes to provide solar absorptance and infrared
emittance characteristics that produce required subsystem
temperatures.

2) Active thermal control systems utilizing heaters to provide
energy in cases where sufficient solar illumination is not
available.

3) High conduction and radiation isolation utilizing superinsulation
for systems having a large heat capacity. Such systems never
reach equilibrium conditions and therefore depend on their
stored heat capacity.

4) Bimetallically activated thermal switches that control the tem-
perature 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.



5.1.1.2 Analysis Organization

The spacecraft has been divided into a number of subsystems for
thermal analysis. The thermal behavior within each of those listed below is
discussed in subsection 5. 1.4, with comparison to test and SC-1 data.

1) Compartments A and B

2) Auxiliary battery

3) A/SPP

4) Spaceframe

5} Landing gear and crushable blocks

6} Thrust chamber assemblies

7) Propellant tanks

8) Propellant lines

9) Helium tank

10) Main retro engine

11) Flight control electronics and Canopus sensor
12) Roll actuator

13) Nitrogen tank

14) Attitude gas jets

15) RADVS

16) Altitude marking radar

17) Television system

Included in subsection 5. 1.2 is not only a discussion of the vernier
line thermal anomaly, but also considerable analysis, as outlined below,
done in support of the vernier engine anomaly:

1) Analysis of vernier system temperature data

2) Vernier burn thermal inconsistency

3)  Tumbling mode thermal observations



5.1.1.3 Major Events and Times

Some of the major events that affected the thermal subsystem are
tabulated in Table 5.1-1 as a function of mission time. A complete tabula-
tion of spacecraft high power periods, thrust power on periods, and all
vernier burns can be found in subsection 4. 1. 1 of the system discussion.

5.1.2 ANOMALIES AND FAILURE SUPPORT DATA

Only one primary anomaly existed in the thermal control subsystem:
vernier line heater cycling (see subsection 5, 1. 2.1). Also included here
are two extensive analyses prepared in support of the vernier engine failure
investigation (see subsections 5.1,2,2 and 5. 1, 2, 4). Study of the data from
each of the 40 vernier engine firings after midcourse disclosed a second
potential anomaly, since engine burns of the same duration sometimes
produced different thermal results (see subsection 5.1.2.3). This secondary
anomaly may possibly have been caused by spacecraft spinning following
the midcourse attempt. One of the anomalous burns (number 27) is probably
due to a burn interval that was more than twice as long as commanded,

But the remaining burns are discussed here in the absence of other plausible
theories.

5.1.2.1 Vernier Line Thermal Anomaly

An examination of sensor P-4 thermal data presented in Figure 5.1-33%
indicates that the heaters on the propellant lines feeding vernier engine 2
began to cycle 90 minutes after launch. Thermal data indicate that the heater
operational duty cycle increased with mission time during the first 4 hours of
flight. The cycling exhibited by the vernier line 2 heater terminated at
approximately L + 3H, and the line heater remained on, Termination
of vernier line heater cycling during the course of a mission is considered
a thermal anomaly.

Since the spaceframe and other subsystems in the proximity of the
lines do not reach their respective steady-state equilibrium temperature
during coast phase I, an increase in the line 2 heater operational or "'on' time
as the mission progresses is considered normal. The thermal response
exhibited by subsystems in the vicinity of the engine 2 propellant lines is
shown by sensors P-10, P-16, and v-38 (Figures 5. 1-38, 5. 1-44, and
5.1-67).

As the spaceframe and other subsystems in the propellant line
environment continue to cool, the thermal environment of the lines becomes
colder, creating a greater demand for more energy from the line heaters
so as to increase the line temperature to the upper limit (26°F) of the heater

*SC-2 thermal mission plots are located at the end of the section. The thermal
predictions superimposed on these plots were taken from Reference 1.
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thermostat range, Since the thermal dissipation (P = EZ/R) of the propellant
line heaters is relatively constant for a given supply voltage, the lines'
increased energy demand is achieved by increasing heater operational or on
time,

The vernier engine 2 propellant line heater on time is illustrated in
Figure 5, 1-1 as a function of mission time for SC-1 and SC-2, Effects of
the changing thermal environment and the decay in bus voltage on the line
temperature level for SC-1 is readily observed, The curves indicate that
the line thermal environment continues to cool throughout the mission, The
ordinate of Figure 5, 1-1 is simply the heater on time divided by the total
time for one cycle, that is, on time plus off time for any cycle taken at a
discrete time interval during the mission.

The data presented in Figure 5. 1-1 indicate that the SC-2 vernier
line 2 heaters reached a saturated state both during solar thermal vacuum
testing and flight, Current data indicate that the line heaters were on and
functioning properly; however, the line temperature continued to decrease,
SC-1 thermal data indicate that the line 2 heater maintained the propellant
lines within the cyclic deadband range of the thermostat throughout the
mission and that this heater did not saturate or reach a continuous on condi-
tion, The thermal dissipation capability of the line heaters was sufficient to
maintain line temperatures within the thermostat cyclic range of 19 to 26°F,
Thermal behavior of the vernier engine 2 oxidizer line is shown in Figure
5, 1-2 for the Mission A transit coast phase, Failure of the SC-2 line 2
heater to maintain line temperatures within the thermostat deadband range
suggests that the emittance of the exterior surface of the aluminum foil
wrap covering the line heater may have exceeded the specification value,
The line heaters are designed to give satisfactory operation with exterior
surfaces whose emittance is less than or equal to 0, 10,

The propellant lines are thermally controlled by means of active
thermal control techniques, Ideally, the thermal design attempts to decouple
the lines from other subsystems by using thermal surfaces that are insensi-
tive to infrared radiation interchange. The use of low infrared emittance
surfaces also minimizes the net heat loss, by radiation, between the lines
and heat sinks in the environment, Increases in the infrared emittance by
the wrap covering the line tends to: 1) couple the line with its thermal
environment, 2) increase the line radiation into space, and 3) increase the
power required to maintain the line temperature within the thermostat
deadband range of 19 to 26°F,

Thermal analyses indicate that emittance of the exterior surface of
the vernier engine 2 oxidizer line could have been in the range of 0, 30 to
0.50. However, because of the many variables affecting the propellant line
energy balance, the exact oxidizer line emittance cannot be determined more
precisely, Therefore, the range of emittance values presented in this dis-
cussion is not to be taken as exact, but serves to demonstrate that the
emittance on the exterior surface of the oxidizer 2 line was significantly
higher than expected, Ultraviolet (black light) inspections at Cape Kennedy
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revealed that the exterior surfaces of the vernier engine 2 propellant lines
were contaminated with epoxy residue which would not be detected during
routine daylight thermal inspections.

In conclusion, it can be said that the high emittance of the vernier
oxidizer line exterior surface is the probable cause of the thermal anomaly.

5.1.2. 2 Thermal Analysis of Vernier System Temperature Data (Failure
Review Support)

Thermal data indicate that vernier engines 1 and 2 ignited as com-
manded during the midcourse correction maneuver, but vernier engine 3 did
not exhibit any positive indications of ignition. The apparent failure of
thrust chamber assembly (TCA) 3 to ignite as commanded resulted in space-
craft tumbling. Table 5.1-2 is a summary of propellant flow determinations
during long burns. Individual burns are discussed in the following
arguments.

Oxidizer Flow Arguments

An examination of the vernier line temperature responses, as indi-
cated by the flight sensors installed on the vernier oxidizer lines, shows
positive temperature changes on oxidizer lines 1 and 2 at midcourse. The
thermal data show only a small negative temperature perturbation on the
oxidizer line feeding vernier engine 3. The vernier line temperature pro-
files are shown in Figure 5. 1-3 for the midcourse interval.

Vernier line temperature perturbations may result from line heater
cycling, spacecraft attitude other than the nominal transit attitude, or pro-
pellant flow which is at a temperature different from the line temperature.
Effects of vernier line heater cycling are readily distinguishable in the
thermal data because of the constant amplitude cyclic waveform exhibited
by the line thermostat on-off duty cycle. Nominal transit line temperatures
may change as a result of a misalignment in the vehicle sun attitude whereby
the vehicle sustains a yaw or pitch maneuver. Line temperatures may
increase or decrease depending upon the relative orientation of the vehicle
with respect to the sun vector. In general, decreases in line temperature
will be observed by an increase in the line heater duty cycle; increases can
be observed by a decrease in the line heater duty cycle and/or a gradual
increase in the line temperature level. Temperature perturbations resulting
from the flow of propellant through the lines are readily distinguishalble by:
1) rapid change in line temperature, and 2) return of the lines to their nomi-
nal temperature level subsequent to engine shutdown. These generalizations
are best demonstrated by data obtained during Mission A, as shown in
Figure 5. 1-4. Only lines 2 and 3 are shown, since line 1 is similar to
line 2,
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During Mission B, all vernier lines began to warm at completion of
the premidcourse yaw maneuver, The rates of temperature change were
2, 3, and 3.5 deg/min for three lines. At vernier engine ignition (264:05:
00:02), the line temperatures were 41, 44, and 51°F respectively (approxi-
mate values; see subsection 5.1, 4, 8), Vernier lines 1 and 2 temperatures
increased to 66 and 60°F, respectively, following vernier ignition. In each
case, these values were 6°F below the postmidcourse temperature of the
corresponding oxidizer tank, Vernier line 3 did not exhibit the rapid tem-
perature change characteristic of normal propellant flow., Instead, the
line 3 temperature decreased by 2 degrees at midcourse. The positive
temperature increases on lines 1 and 2 to values near the true oxidizer tank
temperatures, along with the ignition of engines 1 and 2, indicate normal
oxidizer flow to these engines, The failure of vernier line 3 to experience
a similar increase strongly suggests that little or no oxidizer flowed into
thrust chamber assembly 3 at midcourse, Table 5 1-3 summarizes the
above data, with a comparison to corresponding SC-1 values,

Fuel Flow Arguments

A second proposed conclusion is that fuel flowed through the engine 3
fuel line at midcourse. The propellant line temperature sensors are mounted
on the oxidizer lines, and thus there is no direct thermal measure of fuel
flow. Transit temperature profiles (sensors P-7, P-10, and P-11) for the
vernier engines are shown in Figures 5.1-35, 5,1-38, and 5. 1-39 for TCAs
1, 2, and 3, respectively. Prior to the midcourse burn, the last recorded
thermal data for the TCAs were acquired approximately 43 minutes before
vernier engine ignition. Subsequent to engine ignition, approximately 34
minutes elapsed before TCA data was reacquired.

TCA 1 and 2 temperatures were decreasing and TCA 3 temperature
was increasing when vernier engine thermal data was reacquired. The tem-
perature of engine 3 was 71°F when TCA thermal data was obtained following
the midcourse burn. A careful observation of Figure 5. 1-5, which shows
the first 6 minutes subsequent to the reacquisition of TCA data, indicates
that the temperature of vernier engine 3 was increasing at the rate of 0. 5°F/
min, A straight line interpolation of the data back to midcourse results in
an engine temperature of 54°F at the time of vernier ignition. However, a
straight line interpolation of the data presented in this figure is optimistic
and unrealistic. It is reasonable to postulate that the temperature rate of
change of TCA 3 is in excess of 0. 5°F/min subsequent to the midcourse
vernier engine burn and prior to the acquisition of engine thermal data. The
straight line interpolation suggests a temperature change of 17°F for the
interval bounded by engine ignition (264:05:00:02 GMT) and the acquisition
of engine thermal data (264:05:34 GMT).

The temperature of TCA 3 at initiation of the 110. 6-degree yaw turn
(264:04:48 GMT) was 64°F. An examination of the SC-2 solar thermal vac-
uum test data indicates that the maximum temperature drop of TCA 3, as
indicated by the flight sensor (P-11), was 10 degrees in 12 minutes, Vernier
engine 3 was not completely eclipsed prior to the initiation of engine thrusting;
to the contrary, the engine was partially illuminated. Therefore, a maximum

5.1-11
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TABLE 5.1-2. SUMMARY OF PROPELLANT FLOW INDICATIONS

(LONG BURNS)

Oxidizer Flow
Burn Number Fuel Flow (Less Than Normal)
1 Yes, Questionable
Inferred
2 Inferred Yes
3 Inferred Yes
9 Yes Yes
15 Yes Yes
21 Yes Yes
27 Yes Yes
33 Yes Yes
34 Yes No determination
40 Yes No determination
41 Yes No determination

TABLE 5. 1-3. OXIDIZER TANK AND LINE TEMPERATURES AROUND

MIDCOURSE (°F)

SC-2 Data SC-1 Data

Temperatures 1 2 3 1 2 3
Vernier lines before maneuvers 23 16 24 24 |23-27]20-24
Vernier lines at ignition 37-45141-47 |51 24 36 24
Vernier lines after ignition 91 90 49 91 21 61
(uncorrected)
Vernier lines after ignition 66 60 |49 69-71{59-61 61
(corrected for 4400 bits/sec
error)
Oxidizer tank after ignition 73 66 70 67 59 68
Oxidizer tank before ignition 50 35 46 58 44 53
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temperature decrease of 10 degrees during the interval bounded by the initi-
ation of the yaw turn and vernier engine ignition is probably reasonable,
Maximum temperature decrease conditions are synonymous with total solar
eclipse conditions. Working from this argument, it can be hypothesized
that the temperature of vernier engine 3 would not decrease below 54°F as
a result of cooling due to partial shadowing and off-axis solar illumination.

Certain inferences can be made if the following two propositions are
accepted:

1) TCA 3 temperature rate of change (increase) was greater than
0. 50°F/min during the interval bounded by the midcourse burn
and acquisition of engine thermal data at 05:34,

2) TCA 3 could experience a temperature decrease no greater than
10°F during the interval bounded by the initiation of the pre-
midcourse yaw maneuver and initiation of vernier ignition.

Statement 1 suggests a TCA temperature lower than 54°F at midcourse,
while the second statement suggests that a temperature lower than 54°F
cannot be achieved as a result of the partial solar eclipse condition. Hence,
the temperature of engine 3 will decrease below 54°F only if the engine is
cooled by a superficial process.

A cooling process can be considered in which fuel flows into vernier
engine 3 and expands in the combustion chamber. During the expansion,
energy is extracted from the thrust chamber body, causing a decrease in
the thrust chamber temperature level. Absence of engine thermal data
during the midcourse burn does not permit verification of the suggested
cooling. However, an evaluation of other TCA ignition attempts, where
engine thermal data is available, strongly indicates the aforementioned
cooling. Burns 2 and 3 infer some superficial cooling for TCA 3; however,
it must be kept in mind that the oxidizer line temperature sensor indicates
oxidizer flow during burns 2 and 3.

An investigation of other burns, 34 and 40 for example, infers that
the observed TCA 3 temperature perturbations (increases) are the result of
fuel flowing. Burns 34 and 40 indicate that the engine 3 thrust chamber
temperature approaches the fuel temperature and then cools very rapidly.
A cross sectional view of a vernier engine (Figure 5.1-6) illustrates that
propellant enters the barrel through a fuel inlet manifold located at the bot-
tom of the thrust chamber barrel. The fuel then travels through a spiral
groove along the thrust chamber wall and enters the combustion chamber
through the injector head.

A comparison of the engine 3 temperature profiles for the midcourse
{burn 1) and third burn are presented in Figure 5. 1-5. The thrust chamber
barrel thermal response curves are similar for the midcourse and third
burn attempts in the regions where data are available. A generalization to
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all subsequent burns indicates that the thermal response (warmup following
the ignition attempt) of the engine is similar for burns 2 through 40. In fact,
overlays of the long duration ignition attempts indicate that engine thermal
behavior is repetitive. Because of the similarity and repetitive nature of
the data obtained during burns 2 through 40 and the similarity that exists
between the warmup transients for burns 1 and 3, it can be inferred that

the same phenomena occurred during midcourse and subsequent ignition
attempts. One important exception to this is that the thermal data do not
positively indicate oxidizer flow during midcourse but suggest limited oxi-
dizer flow in the engine 3 line during subsequent firing attempts.

The second proposition, which states that fuel flowed through the
engine 3 fuel line during midcourse burn, is primarily inferred from the
similarity in the thermal response exhibited by TCA 3 following burn 1 and
the response due to subsequent burns. Again, arguments regarding TCA 3
premidcourse temperature drop and postmidcourse rate of change (identical
to those of the preceeding discussion) are required. A careful examination
of the flight data (Figure 5.1-7) indicates that fuel flowed during all firing
attempts subsequent to the midcourse burn. The fuel flow phenomena is
verified by the increase or decrease in engine 3 thrust chamber barrel tem-
perature during the engine operational interval and the period immediately
following engine operation. A comparison of engine 3 thrust chamber barrel
data obtained during the 21. 5-second burn (burn 40) and engine data obtained
during similar engine operational periods at the Edwards Test Station are
shown in Figure 5. 1-8. Visual inspection of the data indicates that the
thermal behavior of the thrust chamber assembly barrels are similar during
fuel flow periods. Curve C of Figure 5.1-8 is an analytical curve based on
the engine and fuel thermal parameters for the maximum flow condition,
The correlation between the analytical and actual data is excellent.

5.1.2.3 Vernier Burn Thermal Inconsistency

An investigation of the thermal data obtained for all 41 ignition
attempts indicates that the thrust chamber assembly thermal behavior
(engines 1, 2, and 3) was inconsistent. The data indicate that the thermal
behavior of vernier engines 1 and 2 was different {or burn intervals of the
same duration. With the exception of the midcourse burn where it is ques-
tionable whether oxidizer flowed to the engine, the thermal behavior of
engine 3 appears to be consistent for all burns. This is best illustrated by

*Curve C of Figure 5.1-8 is based on semiempirical formulae for heat
transfer in pipes and assumes fully developed flow. No attempt was made
to correct the formulae for the effects of the gravitational field. There-
fore, the analytical curve is subject to valid criticism.
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observing the thermal behavior of TCA 1 during the 0.25-second burn attempts.
Burn 11 of the 0. 25-second series exhibited thermal characteristics similar

to the 2. 00-second burn attempts for that engine. Likewise, burn 27 of the

2. 0-second burn attempts appears to be longer in duration. A similar com-
parison of the thermal data for TCA 2 indicates that the temperature rise
resulting from burns 2 and 3 was approximately 20°F; the increase resulting
from burns 9, 15, 21, 27, and 33 was approximately 60°F. Hence, itis
concluded that the thermal behavior of the thrust chamber assemblies is
inconsistent within themselves even when viewed on an individual engine basis.

The above anomalous engine behavior is demonstrated in Figure 5. 1-9
where the thrust chamber barrel temperature increase resulting from engine
ignition is shown as a function of burn number. The data presented in this
figure is merely a quantitative measure of the energy released by the engines
during the 2. 0-second burns. Energy release is synonymous with tempera-
ture change. While Figure 5. 1-9 does not give any qualitative information
regarding TCA thermal behavior, it does indicate, for example, that the
thermal behavior of TCA 2 during burns 2 and 3 was substantially different
from the thermal behavior of the engine during burns 9, 15, 21, 27, and 33.
This is further illustrated by observing the flight data presented in Figure
5.1-10 and extrapolating back to the peak temperatures for all2.0-secondburns.

Similarly, burn 11 of the 0. 25-second burns and burn 27 of the 2. 0-
second burns appear to be anomalous for TCA 1. The engine total tempera-
ture rise during burn 11 is very similar in magnitude to the temperature rise
exhibited by TCA 1 during the 2. 0-second burns. An inspection of Figure
5.1-11 indicates that the thrust chamber barrel (engine 1) temperature
change (AT) increased by more than a factor of 3 for burn 27 when compared
with the barrel temperature change for other 2. 0-second burns. An investi-
gation of the command signals indicates that the engine was commanded on
and off for a nominal 2. 0-second burn. However, a review of the strain gage
data (Figure 5.1-12) indicates that the engine operated at the minimum thrust
level (-80 milliamperes) as commanded for 2. 0 seconds. Strain gage data
indicate that the engine probably did not shut off after 2. 0 seconds, but con-
tinued to burn at midthrust level for an additional 2. 50 seconds. TCA 1
thermal behavior during burn 27 is not anomalous, and the larger than expec-
ted temperature rise is indeed explainable.

The data presented in Figure 5.1-9 also indicate that the temperature
rise of the engine 1 barrel continued to increase with each successive 2. 0-
second firing. One explanation for this behavior would be an error in the
extrapolation process that determines the engine peak temperature. Another
and probably more logical inference is that the thermal resistance to the flow
of heat through the combustion chamber wall gradually decreased as a result
of the successive firing attempts.

It is interesting to note and compare the temperature increases
resulting from burns 2 and 3 with those for burns 9, 15, 21, 27, and 33. The
data suggest that some type of irreversible change took place within engine 2
between burns 3 and 9. The data further suggest two discreet, but yet con-
sistent, levels of operation for TCA 2 during the 2. 00-second burn attempts.
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The type of phenomenon observed on this engine is probably what would be
expected if the engine lost some of its physical mass or if the thermal resis-
tance of the engine to the flow of heat from the combustion chamber through
the combustion chamber walls was lessened significantly.

Another possible explanation of the burn inconsistencies is suggested
from an examination of test data obtained during vernier engine firings at the
Edwards Test Station. Simulation tests to reproduce the thermal results
observed during the flight indicate that the oxidizer/fuel ratio may vary for
firings of the same duration. This phenomenon results in the propellants
releasing different amounts of energy for firings of the same duration. Since
the engine barrel temperature rise is directly related to the oxidizer/fuel
ratio, one would expect variations in the barrel temperature with variations
in the oxidizer/fuel ratio.

Figure 5. 1-13 presents a quantitative measure of the energy released
or absorbed by the propellant lines during the 2. 0-second burns. (Energy
release is synonymous with temperature change, £T). While 5.1-13 does not
give any qualitative information regarding vernier line thermal behavior, it
does indicate, for example, that the thermal behavior of vernier line 2 was
very consistent during the 2. 0-second burns. That is, the line temperature
change is relatively constant for all 2. 0-second burns. This suggests that the
quantity of oxidizer flow during all these burns was the same. Figure 5.1-14
shows the oxidizer line temperature sensor thermal response as a function of
propellant flow rates. Figure 5.1-14 is based on semi-empirical formulae.

5.1.2.4 Tumbling Mode Thermal Observations (Failure Review Support)

An SC-2 "tumbling mode' thermal analysis was performed in an
attempt to determine the location of the sun vector with respect to the vehicle
during the postmidcourse tumbling period. The analysis was based on the
temperature changes noted on the 75 temperature sensors as the spacecraft
orientation changed from that of normal transit to the tumbling mode. Most
temperatures attained a new equilibrium condition in the tumbling mode; how-
ever, some temperatures continued to change until the spacecraft was lost.

The following list of thermal responses covers the most significant
indicators:

1) A thermal switch opened on each compartment, and the radiator
temperature dropped to a level which could only exist if there were
no solar energy incident on the radiators. This indicates that the
sun vector never intersected the spacecraft from a direction
above the x-y plane and must have been incident from the lower
hemisphere.

2) The lower spaceframe warmed up considerably, indicating that
the sun was incident from below the X-Y plane.
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3)

5)

6)

7)

8)

9)

10)

11)

12)

13)

The main retro nozzle, crushable block heat shield, and AMR
temperatures increased considerably, indicating that the sun was
striking the bottom of the spacecraft.

All vernier engine propellant lines increased in temperature,
indicating that the sun was incident from the bottom of spacecraft.

The SDC temperature dropped considerably and never reached
equilibrium, indicating that it was perhaps completely shaded.

The solar panel dropped to a temperature which would exist with
the sun striking the back side of the panel at an angle of

34 degrees off normal. Intermittent shading could also produce
this temperature.

The planar array temperature increased to a value which would
exist with the sun incident at an angle of 78 degrees off normal.
Intermittent shading could cause the same temperature result.

All three shock absorbers dropped to a temperature which indi-
cates only partial solar illumination.

The KPSM increased in temperature, indicating that it was per-
haps being illuminated from the bottom, since the bottom has a
higher solar absorptance than the top.

The auxiliary battery temperature dropped, but the polished alu-
minium case which is isolated from the battery reached a very
high temperature, indicating that the sun was illuminating the
compartment from the sides or bottom but not significantly on the
top prime radiator plate.

The upper spaceframe tubes in the vicinity of leg 1 appeared to
be shaded continuously.

The A/SPP solar axis dropped in temperature, indicating that it
was being illuminated from a direction not normal to the solar
axis or rotation. During normal transit, the sun is normal to the
axis of rotation.

The outboard face of the compartment A canister was receiving
the same amount of solar heating during tumbling as it did during
the normal transit attitude since the temperature never changed.
This indicates that the solar load was equivalent to a 70-degree
off normal incidence. The compartment B canister temperature
dropped considerably; however, it appears that it was getting a
small amount of solar illumination based on the equilibrium
temperature.

Tumbling about many of several different axes could produce the tem-
perature changes discussed above, and any reference to the incident angle of
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the sun on a given surface is merely intended to give an equivalent heating
orientation. The tumbling rate of the vehicle was such that no fluctuations
were observed on any of the temperature sensors; therefore, no conclusions
were drawn as to whether or not the various components were tumbling in
and out of the sun to produce the observed equilibrium temperatures where-
ever partial illumination was apparent.

Based on the steady-state temperatures after midcourse, a bounding
of the most probable locations of the sun vector has been presented in
Figure 5. 1-15. The figure indicates that the sun is coming from the lower
hemisphere and from that quadrant formed by the +X, -Y, and +Z axes.

No definite conclusions can be reached as to how closely the tumbling
axis coincides with the sun vector. There was no definite indication of any
continual change in tumbling axis throughout the tumbling period; however,
some small temperature shifts were noted on some items which could have
been caused by the successive engine firings rather than a slow transient in
the tumble axis.

Perhaps one of the strongest conclusions that can be drawn from the
thermal study is that the sun had to be coming from the lower hemisphere
due to the temperatures observed on the compartment radiators after the
thermal switches opened.

5.1.3 SUMMARY AND CONCLUSIONS

5.1.3.1 Thermal Performance Summary

Thermal performance of the Surveyor II spacecraft was highly satis-
factory. Prior to the attempted midcourse maneuver, 40 of the 75 tempera-
ture sensors indicated temperatures within #5°F of their predicted values.
The largest deviation between actual and predicted temperatures was 19°F on
the noncritical spacecraft structure. No temperatures were outside their
predicted temperature ranges prior to the postmidcourse tumbling mode.

The thermal performance was very nearly the same as that of SC-1
with the exception of those specific areas where thermal finish changes were
incorporated to improve thermal performance. Thermal finish changes were
incorporated on the auxiliary battery, Canopus hood, elevation axis motor
housing of the A/SPP, and the helium tank. Each of these changes produced
temperature changes in accordance with predictions, thereby satisfying their
respective objectives.

Mission B predicted and actual thermal data are presented in
Table 5.1-4. Most subsystems that normally reach equilibrium conditions
during the transit coast mode had reached equilibrium prior to the attempted
midcourse maneuver. Data are also present in Table 5. 1-2 for that time
period immediately following the attempted midcourse and for the equilibrium
conditions attained during the tumbling mode.
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Temperatures observed during the postmidcourse tumbling mode
indicate that the sun vector intersected the spacecraft from below the X-Y
plane and between the +X and -Y axes. A comparison of equilibrium temper-
ature data between SC-1 and SC-2 is presented in Table 5. 1-5.

5.1.3.2 Vernier Burn Thermal Data Summary

Thermal data indicate that TCA 3 did not ignite during the midcourse
burn. The results of thermal control investigations to date have not produced
any positive conclusions regarding the seemingly anomalous behavior of
vernier engines. At most, studies have shown that the thermal behavior
exhibited by the vernier engines was inconsistent during the 41 firing attempts.
Specific inconsistencies are tabulated below:

1) Vernier engine 1

a) TCA 1 thermal behavior during burn 11 is different from
that for any other 0.20-second burn.

b) TCA 1 thermal behavior during burn 27 is different from that
for any other 2. 00-second burn. However, this was not a
thermal problem, since the strain gages indicate that the
engine probably burned for 4.5 seconds instead of the
commanded 2. 0 seconds.

2) Vernier engine 2

a) TCA 2 thermal behavior during burns 2 and 3 is substantially
different from that for burns 9, 15, 21, 27, and 34. Tem-
perature rise of the engine barrel, resulting from the 2. 0-
second burn, was approximately 20°F for firings 2 and 3 and
approximately 60°F for the later firings.

b) TCA 2 appeared to burn consistently at two temperature levels.
3) Vernier engine 3

a) Thermal data do not show any positive indications of ignition
during the midcourse maneuver. TCA 3 thermal behavior
always seems consistent for all 41 burn attempts.

b) Thermal data tend to support arguments that fuel flowed at
midcourse but that there was little or no oxidizer flow; how-
ever, the data are not conclusive. Thermal data indicate
both oxidizer and fuel flow during burns subsequent to mid-
course; however, the data do not indicate engine 3 ignition
on any of the 41 burn attempts.
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TABLE 5,1-5,

IN MISSION A AND MISSION B, PREMIDCOURSE

COMPARISON OF STEADY-STATE TEMPERATURES

Actual Steady-State
Temperature, °F
Operation
Allowable
Flight Sensor Location by Subsystem Mission A {Mission B Limits
Vehicle and mechanisms
Compartment A
Upper tray V-15 70 74 140/0
Lower tray V-16 93 94 125/0
Transmitter A D-13 68 71 210/0
Transmitter B D-14 68 73 210/0
Main battery EP-8 97 99 125/40
Battery charge regulator EP-34 123 118 185/0
Radiators
No. 5 V-20 42 31 150/-300
No. 8 V-25 44 28 150/-300
No., 2 V-47 35 34 150/-300
Thermal shell inside V-17 92 92 120/0
Thermal shell outside V-18 -85 -82
Thermal switch
No. 5 inside V-19 66 69 150/-300
Compartment B
Upper tray V-21 93 99 125/0
Lower tray v-22 98 103 125/0
Boost regulator EP-13 115 128 185/0
Radiators
No. 4 V-24 67 70 150/-300
No. 1 V-45 73 84 150/-300
No. 5 V.46 66 70 150/-300
Thermal shell outside V-23 -70 -72
Thermal switch
No. 4 inside V-26 88 93 125/0
Wiring harness V-29 88 91 125/0
Auxiliary battery EP-26 35 64 130/20
Auxiliary battery
compartment V-48 -2 9 130/30
Landing gear assembly
Leg 2 V-3l 83 74 160/-140
Crushable block V-44 -62 -48 160/-140
Shock absorber
No. 1 V-30 84 76 125/-20
No. 2 V-32 72 73 125/-20
No. 3 V-33 82 82 125/-20
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TABLE 5.1-5. (continued)

Actual Steady-State
Temperature, °F
Operation
Allowable
Flight Sensor Location by Subsystem | Mission A | Mission B Limits
Antenna/solar panel
positioner mechanism
Solar panel drive M-10 60 45 165/-225
Elevation axis drive M-12 1 -17 165/-225
Solar cell array EP-12 109 111 165/-200
Planar array M-8 -50 -50 280/-280
A/SPP mast V-34 -84 -88 160/-140
Spaceframe and substructure
Upper spaceframe
Near leg 1 V-217 60 53 160/-140
Near leg 2 V-35 -79 -81 160/-140
Lower spaceframe
Under compartment B V-28 48 42 160/-140
Under compartment A V-36 -27 -24 160/-140
Retro attach points
Leg 1 V-37 39 44 160/-140
Leg 2 V-38 -36 -32 160/-140
Leg 3 V-39 44 44 160/-140
Propulsion
Vernier engine thrust
chamber assembly
No. 1 -7 59 54 125/20
No. 2 P-10 72 84 140/20
No. 3 P-11 59 63 130/20
Propellant tanks
Oxidizer 1 P-15 75/41% 76/50tt | 100/0
Fuel 1 P-13 76/52% 77/57tt | 100/0
Oxidizer 2 P-16 77/24% 75/354%t | 100/15
Fuel 2 P-5 75/341% 83/47%t | 100/15
Oxidizer 3 P-6 79/40% 75/46tt | 100/15
Fuel 3 P-14 76/53 % 75/53tt | 100/0
Propellant lines
Leg 1 P-8 23 to 29 18 to 28 | 100/0
Leg 2 P-4 21 to 26 20 to 27 | 100/0
Leg 3 P-9 21 to 26 20 to 27 | 100/0
Helium tank P-17 60 72 100/10




TABLE 5.1-5, (continued)

Actual Steady-State

Temperature, °F
Operation
Allowable
Flight Sensor Location by Subsystem | Mission A| Mission B Limits
Main retro
Upper case P-3 73/67 % 727731 | 70/40
Lower case P-12 | 74/461t 76/59% | 70/25
Nozzle -22 -124 ¢t -118
Flight control
Flight control electronics
Chassis board 1 FC-44 90 90 165/0
Chassis board 6 FC-45 124 137 190/0
Canopus sensor FC-47 78 85 130/-20
Roll gyro FC-46 170%% 1755k 185/175
Pitch gyro FC-54 175%% 175%:% 185/170
Yaw gyro FC-55 180:3% 1745k 185/170
Roll actuator FC-71 79 82 200/0
Nitrogen tank FC-48 45 40 115/-10
Radars FC-70 88 86 160/-50
RADVS
KPSM R-8 12 11 100/-22
SDC R-9 56 63 140/-18
VS preamplifier R-10 22 14 112/-42
A/VS preamplifier R-13 33 20 110/-20
Altitude marking radar
Electronics R-7 14 to 16 18 120/-5
Antenna dish R-6 -12 -14 135/-20
Edge of dish R-27 -185 -191 200/-300
Television
TV 3 mirror TV-17 -120 -120 180/-50
TV 3 ECU TV-16| -134 -128 150/-20
TV 4 T-3 -124 -103 165/-20

* Not at steady state.

% Corrected for bit rate error.
t Launch + 63 hours.

++ Launch + 15 hours.
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5.1.3.3 Recommendations from Line Heater Anomaly

The discussion in subsection 5. 1. 2. 3 indicated that failure of the
vernier line heater to cycle was caused by epoxy contamination. The follow-
ing recommendations are believed to effectively correct the problem with
minimum impact on current spacecraft launch schedules:

1) Increase thermal dissipation capability of the vernier engine 2
line heater, which will result in a reduction in the line heater
duty cycle as defined by this investigation.

2) Prohibit attachment of wire harnesses with high emittance sur-
faces to the lines in solar thermal vacuum tests to avoid invali-
dation of test results.

3) Perform a black light inspection at Hughes after epoxy application
(but before curing) on the unit level, and remove any excess
epoxy that could contaminate the lines.

4) Perform a final black light inspection on the spacecraft before
shipping to Cape Kennedy.

5.1.4 ANALYSIS DISCUSSION

5.1.4.1 Compartments A and B

Compartment A interior temperatures (sensors D-13, D-14, EP-8,
EP-34, V-15, and V-16) are shown in Figures 5.1-16, 5.1-17, 5.1-18,
5.1-22, 5.1-54, and 5. 1-55; external temperatures (sensors V-18, V-20,
V-25, and V-47) are shown in Figures 5.1-56, 5.1-57, 5.1-61, and 5.1-71.
Compartment B interior temperatures (sensors EP-13, V-21, and V-22) are
shown in Figures 5.1-20, 5.1-58, and 5. 1-59; external temperatures
(sensors V-24, V-45, and V-46) are shown in Figures 5. 1-60, 5. 1-69, and
5.1-70. The thermal tunnel internal temperature (sensor V-29) is shown in
Figure 5. 1-64.

Compartment system temperatures during the mission were approxi-
mately 5°F higher than those of SC-1 for compartments A and B at the same
time in the mission. No anomalies were observed during the normal transit
period, and all compartment system temperatures correlated well with pre-
dictions. The seasonal change in the solar constant between the SC-1 and
SC-2 missions was sufficient to cause a maximum temperature increase of
3°F in compartment B. Solar thermal vacuum test data accumulated prior

to the flight indicated that a 15°F temperature differential would exist between

the SC-1 and SC-2 temperatures in compartment B at the same solar inten-
sity. Flight data did not support this evidence and, consequently, suggests
that those temperature differences observed between SC-1 and SC-2 solar
thermal vacuum tests were related to test operations or environmental
simulation rather than vehicle differences.
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During the tumbling mode, the compartments appeared to be in an
orientation such that the radiators were not receiving any solar illumination.
One thermal switch on each compartment opened after the attempted mid-
course correction. Compartment A thermal switch 8 and compartment B
thermal switch 5 opened at approximately 12 and 10 hours (28. 5 and 26. 5H
mission time), respectively, after the attempted midcourse correction. The
thermal switches appeared to open within specified temperature tolerances.

5.1.4.2 Auxiliary Battery

The auxiliary battery temperature profile (sensor EP-26) (Figure
5.1-51) prior to midcourse maneuver was within 3° F of predictions. The
temperature had not reached a steady-state value at this time. After mid-
course, the battery temperature dropped at a rate of 4°F /hour as a result of
vehicle misorientation. When the auxiliary battery temperature reached
34°F (at approximately L + 23H9M), auxiliary battery mode was commanded
on in order to utilize the auxiliary battery power before the battery became
too cold to function properly. Auxiliary battery mode remained on for
approximately 9 hours and 46 minutes, whereupon main battery mode was
restored. The auxiliary battery reached 79°F during the operational period.
The auxiliary battery remained off for the next 11 hours and 52 minutes and
declined to 28°F. At this time, RADVS was commanded on, and the
magnitude of the electrical load caused a switching to the auxiliary battery.
Although the auxiliary battery was well below the desired temperature of
95 £ 15°F at the time of RADVS turn on, it functioned nominally until it was
commanded off during RADVS operation.

The SC-2 auxiliary battery case thermal design was modified from
that of SC-1 in an effort to increase the auxiliary battery transit equilibrium
temperature by approximately 30°F. Comparison of Missions A and B auxil-
iary battery temperature profiles reveals that the Mission B auxiliary battery
temperature was 64°F and close to steady-state as opposed to 35°F during
nonoperational steady-state for Surveyor I. Overall, auxiliary battery
performance was excellent.

5.1.4.3 Antenna and Solar Panel Positioner (A/SPP)

The A/SPP mechanisms, solar panel, and planar array temperatures
prior 