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FOREWORD

This report describes the solo testing
o as suthorized by the "Sole Plan for
Flight Vehicle 8" and its supplements.

It is issued in compliance with CDRL

Seguence AQOLAW of CDntractI:|
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1.0 INTRODUCTION

1.1 General

878 is the eighth in a series of wvehicles launched Ffor the HEXAGON
Program. Tte launch configuration consisted of a primery payload which
included a camera system {8SC) with 4 recovery vehicles (MWC), a secondary
payload which included a Terrain Camera plus two Stellar Cameras (NEC) with
one Recovery Vehicle {OPC), and four Tertiary Payloads which included the
‘-Y Subsatellite {88U), +Y Subsatellit

and & Quantic Horizon Senscor and Star PTracker System (Quantic Experiment).

The planned orbital activities for SV-8 consisted of two phases. Thase
I, the primary photographic mission, ewtended through Day 106 with success
in all primary cobjectives. Phase IT, the Solo Phase continued through
Day 110 and was used principally for conducting Quantic experiments. It
should be pointed out that some Solo Tests were accomplished during Phase T

on a non-interference basis.

1.2 8v-8 Flight History
Operations for the primary photographic mission and Solo testing were

completed as follows:

Event Rev  Day Date
Launch - 1 10 April 19Tk
+Y Subsatellite Separation 3 1 10 April 1974
~Y Subsatellite Separation 13 1 10 April 197k
RV 1 Recovery 228 15 2h April 197k
RV 2 Recovery 681 43 22 May 197h
RV 5 Recovery 973 60 g June 197k
RV 3 Recovery 1118 70 18 June 19Th
RV 4 Recovery 1701 106 2h July 197h
Solo Start 1701 106 2h July 1974
Solo Complete {Deboost) 1768 110 28 July 197k

T
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1.3 Summary of SV-8 Solo Activity

Solo testing started in a limited way after completion of the Stellar

Terrain Subsystem mission on the tests that dould be conducted without
impacting the primary mission. Pull Solo testing started after RV L
recovery on Rev 170L. A1L activities were successfully completed, including
deboost on Rev 1768. The chronology of Solo testing went as follows:
Rev Solo ID Event,
Completion of ST Mission/RV-5 Recovery Rev 973
100k - 1053 0Ps-1 (n, o)  DBS Redundant Oscillator and Heater

RV-3 Recovery, Rev 1118

1200 Q-10A 1 rev inertisl hold.

1200 EDAP-1 Solar Array Albedo-Inertial

1200 THERM~1. Sun Exposure

1327 0Pg-1 (¢ - g} Operasbion with Redundant Servo Flectronlcs

134« 1345 8T-5 Operation with one (overter off

1361 ST-d + Stellar Capping Shutter

1361 8T-2, §T-3 TA Open at 10% and T8% overlap.

1376 - 1378 Q-11 Pylon and SV Attitude Estimation

1458 ST-1 Thermal Shubter Emergency Open

1h66 org-2 (a) Backup Timer

1470 Q-2 H/S Pitch Bias Check

173 - 1hTh G-11 Pylon and SV Attitude Estimation

47T ST-1 Thermal Shutter Emergency Open

1539 TTC-3 SGLS 2

1540 T -3 £8GLS 2

1555 G-2 H/S Pitch Bias Check

1571 TTC-3 AGLS 2

1588 TIC-3 SGLS 2

1633 G-16 Piteh Masneuver Calibration

1635 - 1637 @-11 Pylon and SV Attitude Estimation

1669 - 1685 ops-1 ;) Redundant TCEA

1697 R¥-1 Pan Cemera Pneumatic - RV-L ATC
8

~SECRET—H-

Approved for Release: 2025/06/18 C05137285




C05137285

Approved for Release: 2025/06/18 C05137285

_SEER_EH__H__ BIFOO3W/2-091480-Th

Rev. Solo ID Event

RV~ Recovery - Rev 1701 - Start Solo

LT0L Q-5 CA Enviromment

1704 Q-28 Sequential Maneuver Calibration

1705 - 1706 §-16 Roll Maneuver Calibration

1707 - 1718 q-13 Low Fregquency Horizon Radiance

1o TIC 2 PCM RU LA with MUX 2

171k - 1715 G178 Pitoh H/S Inhibit

1715 - LTLT G-11 Pylon and 8V Attitude Estimation

1718 G=208 Sun Impingement

1720 - 1723 4-10B Piteh Roll Gyro Drift Calibration

172k - 1726 EDAP-2 Solar Array Output - Albedo-feocentric

1729 - 1731 EDAP-L Solar Arrsy Output - End to Earth

1733 - 1735 Q-2h Geccentric Rate Determination
o V 1735 - 1735 opg-2 {e, f, Redundant OAS/RCS Tank Heaters

£, h)

1735 ops-1 (F) Tifeboat Tank Heaters

1738 - 1739 ops-1 {g, h,i} Primary OAS and RCHS Tank Heater

1738 - 1739 §-17A Roll Horizon Sensor Inhibit

1739 - 1741 ROS-1 RCS-1 Storage Effects

17h2 - 1745 EDAP-5 Solar Array Oubput ~ End to Bun

1ThT G-23 Gyro Reference Flane Calibration

1749 - 1750 Q-85 Star Tracker 1 Health Check

751 - 1752 Q=21 Lifeboat Attitude Bstimation

1751 - 1752 opg-1(e) Lifeboat Execute

1753 - 1768 THERM -2 Fly Reverse (-30° Beta)

1753 ACE-2 PACS Thermal Cyecle - OFFf

1754 - 1755 opg-1{a) 8618 2 Performence

1756 - 1758 Q-11 Pylon and 8V Attitude Fstimation

1757 TIC~1 8GLS 1 FPreguency Measurement

1757 ACS-L Soler Array Dynamice

1760 ACB-2 PACS Thermal Cycle - On

9
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Rev Solo ID Event
RV-4 Recovery - Rev 1701 - Start Solo {Continued)
1762 - 1765 Q-18 Best Bet Attitude
1765 R Star Tracker 1 On
1768 OAS~1 Burn to Depletion
1768 —— Deboost
i
10
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2.0  BOLO TESTS - SBAC

2.1 ACS-1, Solar Array Dynamics
Rationale

The structural damping associated with Solar Arrays extended is an
important parameter in defining control gas usage rates. Successful damping
tests were made on SV-1, SV.h and 8V-7. A repeat of Lhe test was to provide

an additiopal semple of struchural damping and freguency characteristics.

Procedure

Roll the vehicle in a negative direction for 5.0 seconds. Ten seconds
after removal of the negative roll rate command, roll the vehicle in a positie
direction for 5.0 seconds. About twenty-five (£25) seconds after removal of
the positive roll rate command, disable the ACS 2 control for approximately

150 geconds. Obtain tape recorder data for duration of test plus 300 seconds.

Besults

A Solar Array Dynamic Test was rup on Rev 1757.9 with M2EVE the controlling
sysbem. The maneuver durations and the coast durstion of the sequence were
chosen g0 that the primsry solar arvay bending mode of 0.1 Hz would be
excited. After allowing 24.8 seconds for control stablilirzation, the thruster
power was removed and the vehicle was allowed to go without contrel for 150.2

seconds.

It wag during the non-controlled portion of the experiment that the
roll rate decay was obgserved and from which the damping was calculated. The

sequence used in this test was as follows:

Command System Time Vehicle Time
H/8 2 DISC 267948 1437924
PV~ 2679%.9 1h3792.6
PINE MODE, GEO- 26T95.1 143792.8
(YR- 26795.3 143793.0
ROLL WEG 26T795.8 k37934
STOP ROLL 26800.8 1437984
ROLL: POS 26810.8 1h3808.4
11
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Command System Time Vehicle Time
STOP ROLL 26815.8 1428134
ACS2- 26840, 5 143838.2
ACS2 ENA 26840.9 143838.6
IRAD ACT o68Lh1.1 143838.8
ACS MST CLR 2- 268k1.5 143839.2
H/S 2 CONN 26841.9 143839.6
COARSE MODE, GEO+ 260685.8 1439864
FLY FWD, GYR+ 26989.8 1439874
FLY REV, GYR+ 26990.1 143987.8
ACS 2 BXECUTE 26090.8 1439884
FLU+ 27025.8 1hho23 b
FINE MODE 27105.8 1441034

As shown in Figure 1, the average roll rate during the non-controlled
g portion of the experiment was +0.10 degrees/second. The roll H/S of ACS 2
inhibited at 143840.8 seconds vehicle time, bubt was non~inhibited again at
143898.8 seconds vehicle time.
On the next rev {1758.3), the venicle was stabilized and was flying
in Fine Mode (M2V2). The following conclusions were dravn from enalysis
of the data:

(1) The cantilevered freguency of the array is 0.1 Hz, confirming
resulis obbained from SV-1, SV-h and SV-7 tests.

(2) The 8V-8 roll response shows a beating phenomena which is
indicative of nonsymmetries In the system. These nonsymmetries
result in arrsy wmodes in which the 3V response is not simply
in the piteh plane or about the roll axis but some combination
of response in the piteh plane and about the roll axis, This
coupled motion effect makes it more difficult to execite the arrvay
node which has the dominant roll motion without also exciting the

mode which has the dominant piteh component of the SV.

—S-EERHH—lQ ,
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(3) Even with the slight beating phenomena, it is possible to
conclude that the dominant roll mode is damped slightly
higher than 3.0 percent critieal. EV-T7, which had a very
clean roll regponse in the array test, also gave a damping

value greater than 3.0 percent c¢ritical.

2.2 ACS-2, PAC3 Thermal Cyecle

Ratbionale

Two ancmalous conditions were noted in ACS performance during the
primary mission. A nolse problem was evident on the PACS Roll Channel Gyro,
Serial Number 1021, and unexpected transients occurred on the PACE HSA,
Serial Number 1007. The purpose of this Sclo experiment was to determine if

elther or both of these conditions could be induced by temperature changes.

Procedure
The experiment was conducted during Revs 1753 through L768. PACS was
deactivated on Rev 1753 and remained deactivated until Rev 1760, After turn

on the PACS performance was monltored periodically during temperabure rise,

Resultls

Table I shows IRA and HSA btemperatures when they were turned off on
Rev 1753 and at the start of the thermel eycle on Rev 1760. Figure 2 is
s plot of the PACS IRA Roll Gyro and IRA internal temperature monitors
during warmup. Figure 3 is & plot of the PACS HSA head temperatures during

WETIUD.

No anomalies in PACS performsnce were noted during this test. The
previously observed IRA and HSA aromalies did not repeat leading to the
conclusion that they were not temperature sensitive under the existing test

conditions.

2.3 EDAP~1 through EDAP~5 - Solar Array Albedo Tests

Rationale

Future EDAP deslgne and contingency plannlng for these deslgns requlre
minimum solar arrsy output data for Lifeboat Battery 1life predicbtions with

unstable vehicles. An ilmportant mspect of & potential minimum solar array

1k
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output is earth shine (albe&o). The objectives of this series of bests
were Lo determine power oubpubs with the arrays in varicus attitudes in

relation to the sun and earth.

Procedure
EDAP~L: One rev of inertial flight with plane of solay array facing

away from sun (perpendicular to sun Tays).

EDAP~2:  One rev of geocentric flight with plane of solar arrays facing

toward the earth (perpendicular to albedo rays).

EDAP-3: Three revs of tuwbling flight, e, ACS/RCS disabled. NOTE:

This test was cancelled.

EDAP-i:  TInertial flight with plane of solar array parallel to albedo
rays (end facing earth).

EDAP~5: Inertial flight with plane of solar array parallel to sun

rays (en& facing sun}.

Besults

Data on all tests were recorded continuously from exit umbra to entrance
umbra. Figures 4, 5, 6 and 7 graphically depict the solar array power
generation for each test configuration and Pigure 8 is & comparison of the
four conditions on the same time scale and starting on the exit umbra for
each vev. Table II summarizes the solar array power generation in amp-hours
for the test cases, a caleulated tumble-mode case and a nominal output

for 8Y-8 mission beta angle.

Solar Array Tunble Mode Caleulation

Solar arrsy data from the four EDAP tests provided power generation

figures that could be integrated into values of power generation for sll
combinations of solar array positioning with respect to sun angle during
the roll and pitch maneuvers encountered in the tumble mode. The roll rate
is the primary condition required to calculate a full cycle and four revs

are reguired to complete 360° of roll which comprised one cycle. The caleulated

18
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TABLE II

SOLAR ARRAY OUTTUTS IN AMP-HOURS FOR EDAP TESTS

TEST CRIENTATION * SOLAR ARRAY OUTPUT PER LEG
x =) 3 £ 0y » P

3 Vehicle rolled 180° in flight inertial orbit. Solar 1.17 amp-hours per rev
Array looking at earth albedo.

- Vehiele rolled 180°. Ceocentric orbit. Solar Array

2 1.76 amp-hours per rev
facing local horizontal on the earth.

3 Vehicle tumble mode 1.46 smp-hours (ealeulated)
Vehicle rolled 90°. Sun angle 26 . Inertiel flight

& with 8olar Array locking into space and edge 0.51 smp-hours per rev
rointed toward earth,
Vehicle rolled 907 plus sun angle. [uertial Flight

5 with Solar Array looking into space with edge 0.33 amp-hours per rev
wointed toward sun.

#® T

el output of Solar Array in normal vehicle orientation

= 5.90 amp-hours per rev.
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Plgure 6

Solar Array Output for Rev 1730, EDAP L Test
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values for power génerated during a tuwble miode over four complete revolutions

averaged 1.46 amp-hours/rev. Other combinations of pitch and roll rates

could be uged Tor caleulating power geperation bub any combination would
eventually attain a complete cyele yhich would result in an amp-hour asyersee/

rev approximately equal to these caleulations.

2.h OAS-1, 0AS Propellant Mass Shatus
Rationale

The purpose of the 0AS Solo experiment was to obtain deta regarding
the gecuracy of 0AS Tank propellant masg determinations. Technligues currently
used are (1) the integration of propellant flow rate through the Thrust
Chamber Assembly (TCA) venturd, and {P) the ealculation of OAS gas ullage
volume growbh. Durding the course of the miseion an ever increasing bias

between these two methods was observed.

Procedure

The CAS propellant tank depletion point was determined by observing the
loss of engine (TCA) thrust through propellant depletion. Alfter
completing a 230.8 gecond deboost Firing (OA 45) on Rev 1768 and coasting
for 11.6 minutes, a 270.0 second TCA f£iring was programmed o congume
expected propellant residuals plus 50 pounds. The TCA firing was scheduled

to acquire OAS performance data in real time over the last station pass.

Begults
Analysis of test dats showed that the TCA venburl method of estimeting

OAS propellant mass status provides values well within requirements but

inaccuracies in the gas law determination method were larger than

anticipated. Besed on Inbegration of TCA wventuri flow rates and an estimate
of RCS propellant consumption (from the OAS Tenk) in the period between
Reve 938 and 1083, the tank depletion point was expected to occur 185
seconds inbo the tank depletion Piring (OA 46). The expected rapid drop

in TCA chamber pressure and Catalyst Bed pressure actually occurred at
approximately 195 scconds as shown in Figure 9 (with about b pounds of
propellant remaining in the tank at this time).
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Gas injection into the engine began unexpectedly early at 165 seconds into

the firing and continued throughout the depletion process.

As stated above, determinaticn of the propellant depletion time made
possible an evaluation of the accuracy of both the venturli and gas law mass
status techniques. The venturi method was shown to be very accurate,
differing from the actual value by only 2.3 lhm at deboost. However, the
gag law method was shown to be in error by 143 lbm {versus #100 1bm allocated).
A number of mechanisms are being investigated in an effort to explain the
mass status errors, including propellant loading variations, tank volume
errors, nitrogen solubility, gas evolution, pressuré transducer shifts, and

data processing.

At present it can be concluded that the accuracy of the venturi mass
stabtus technique is within expected limits while the gas law technique is
not as reliable and exhiblts errors grester than expected from analysis.

Cacelore e venny

sbatus.overationglly bo dhe srveptasl autnnt Boasible

TCA Summary

The engine performence was normal for both the active and Solo phases
of the mission. The values for propellant thruput (3189 1bm) and total
impulse (745,000 1bf~sec) were the largest attained to date.

2.5 RCB-~1, RCS 1 Storage Effects

Rationale
The purpose of this test was to evaluate the effect of a long storage

period on RES 1 System.

Procedure

On Rev 1082 the Primary RCS System was turned off due to low thrust
on REA's 1, B and T and reactivated during the Solo portion of the mission,
Rev 1741. BV-7 had & gimilar set of conditions when the primary system was

shut down on Rev 1446 and reactiveted on Rev 1768.
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Results
A comparison chart, Table ITT, is presented for the two vehicles showing
the normallized thrust just prior to shut down and the thrust shortly after

the system was reactivated. HbTe TaT aReRsee e ever B R SRR

HBeaee weriod has an adverse effect on o theuster Shot wes deprader 5 the
"beginning of the torage period while the nominally performing thrusters
. remmined escentially the dane.

Changes to the REA Catalyst Bed, both physically and chemically, could

have occurred during the storage period such as: P

{1} Change in feed pressure (
{2} Pnysical change to injector and/or bed. ‘*&'
{3) Altered chemical activity of the bed %‘\“ Qa ‘9
Bagsed on the tabulated data two conclusions can be drawn: 0%“‘&
. {1} If the REA thrust level is nominal prior to the storage pemﬂ? ‘0" ‘Q
it will perform nominally after the storage period. Q@' td'
(2) If the thruster performance level is degraded prior to the Q
storage period it wmay reactivate at its former level but most
likely will have suffered additional degradation up to 50%
of the original level,
2.6 THERM-1, Sun Exposure Experiment
Rationale
This experiment was desiguned to expose the six vehicle axes to the sun
for a period of 30 minutes to assess potential thermal impact as a result of
vehicle mancuvers and to develop operational constraints 1f test results
warranted .
NOTE: This experiment was not performed due to lack of Solo bime and
its relatively low priority rating.
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TABLE IIT
BV~7 AND SV-8 RCS THRUST LEVELS

Rev THRUSTER
I N T B A

BY-8

1082 3.1k | ®5.02 1.62 1 *61  %5,06 | *h, 01 2.89 .17

17kl 2,07 | *4.01 0.76 1 #h.58 | =k, g1 | *4,69 1.h42 0.87
3v-7

1h11 Looo | ¥5.20 3.00 2.60 3.15 | *95.32 3.20

o 1768 2,05 1.89

1801 *5,00 2.13 *5,13

1816 1.94

1833 2.16

*Indicates thruster was not degraded at the time the primary system
was turned off.
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2.7 THERM-2, Simulate -30°"Beta fingle

Rationale

The purpose of this experiment was to assest the ability of the batbery
bays to maintain an operable enviromment at a -30° Beta angle; to assess
Aft Section conbamivation on +¥ surfaces and, to demonsbrate the symmetry in

the thermal deslgn of the Mid and Forward Sections.

Procedurs

Flying in a reverse attitude effectively puts the vehicle in a ~30°
Beta angle position. The fly reverse wasg performed on Rev 1753 and continued
through deboost, Rev 1768 (15 vevg ), The effective resultant Beta angle was
~28°,

Results

Aft Section

This experiment confirmed that with the exception of the battery bays,
the new Aft Bection thermal design was capable of maintsining acceplable
tenperature snviromment for all bays. The thermel performance of the AfL
Section in this attitude was compared to preflight predictions for Beta =
~30 degrees with normal forward attitude. Equipmpent Section door temperatures
and Reaction Control Section (ROS) skin temperatures correlated well with
preflight predlietions. The aft bulkhead was 25 to 35 degress above the
predictions which may be atbtributed to aerodynamic heating on the bulkhesd.
In turn, the warmer bulkhead resulted in RCE plumbing and tank temperatures
10 to 15 degrees above predicted values. Most Bgulipment Section boxes
resched stable temperatures during this test and all egquipnpent remained
well within Llimits throughout the experiment. Table IV compares critical

eguipment bemperatures with design Llimits.

The battery bay door temperatures stabilized within the predicted

range; however, ‘BEllEwy Penieratibesowend BBovE Bieater dorttrel dimite carly

SneEsvTRsesEEER R L8 ©5 50° vepien. Since battery heat dissipation

dficresces with temperature, 1t was not possible to predict a stabilized range

Sl 1, _ g
=7 /jfﬁ/’g 5o LKL

o 30

Approved for Release: 2025/06/18 C05137285




C05137285

B

Approved for Release: 2025/06/18 C05137285

|

~SEEREF—t

TABLE IV

BIFOO3W/2-091480-Th

AFT BECTION CRITICAL COMPONENT TEMPERATURES

CRITICAL COMPONENT DESIGN LIMITS §V-8_ACTUALS
Cr) Cr)
FDJIB -30/165 100/102
cee 2 -30/170 113/11k
Type 25 Batteries, Bay 3 35/70 52/54
Type 30 Battery 30/90 53
Type 31 Batteries 40/90 52/54
Type 29 Babteries, Bay b 35/70 48/50
HSA Heads 0/130 Bz/87
IRA's 50/130 10k/114
PCM Master -30/170 87/102
Tape Recorders 20/120 84 /93
Transmitters -30/170 80/102
ECS Clocks 40/153 92/95
ECS PMU A -ho/1k5 81/82
ECS PMU B -Lo/1ks 89/90
TRA Gyro 50/200 151/171
MCS -Lo/149 61
RCS Tanks 50/140 8s5/101
Plumbing, Bey 6 35/140 90/97
Plumbing, Bay 12 35/14%0 90/107
OA Tank 70/100 89/91
PDA's -30/160 87/113
Solar Arrays -125/225 -65/1k5
Quad Valve L0/200 132/134
31
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for the batteries. A lopger "fly reverse" experiment, perhaps of 5 days

duration, would be needed to define battery thermal performance.

Mid~Forward Bection, APSA
In the Mid Section, Forward Sectlion, and APBA the thermal designs
are symmetrical, and therefore it could be expected that given enocugh time
to dchieve equilibrium, the fly reverse experiment would cause temperatures
to reverse. During THERM-2 recorded temperature dats was cbtained after
nine revs of reverse flight and again after fourteen revs, and the indicatlons

were that equilibrium had been reached.

Tt was found that in all cases the symmetrical design resulted in
temperatures as predicted and that temperatures were reversed as expected.
In the case of the Forward Section and APSA, there was a small overall decrease
in temperature which is belleved to be due to the absence of free molecular
heating, This temperature decrease amounted to about 3°F in the Forward

Section Bay b and sbout 6°F in To the average APSA struchure tempersbure.

NC?
It is believed that the change in APSA temperature would be legs with the

Becovery Vehicle still abosrd.

28 TT & C-1, B0GLS 1 Non-Ucoherent Freguencgy Measurement

Rationale

The Geperal Dynamics Blectronlcs Transponder used in the 5GILS 1
position had exhibited a dvift trend in its crystal controlled non-coherent
freguency during vehicle ground besting. The drift trend was believed to
be caused by aging of the crystal. If the trend continued at its existing
drift rate, 1t was predicted that the non-coherent frequency would be
outside the specification limits of 60 KHz of nominal center frequency
{2277.5 MHz) before the end of the 5V-8 mission., Because of RIS capability,

however, this conditlon would not present an operational problem,

The transponder worked well throughout the active mission and it was
degirable to determine to what extent the drift trend had contimued by
making a measurement of the non-coherent frequency during the Solo phase,

for engineering information.
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Procedure
The measurement was made at station pass 1757 Cook at aecquisition, wmid
pass, asnd fade. The actual measurements made gave the following freguencies:
Acquisition: 2277.50 MHz
Mid Pass: 227746 MHz
Fade: 227740 MHz

The last recorded ground test reading of the non-coherent freguency,
taken about 6 days before lsunch was -57.% Kz from nominal (an average of
two readings). The £light data at mid pass therefore indicates that the
freguency drift did not degrade during the mission, within the resolution

of the RIS frequency nmeasureument capability.

2.9 TT & -2, PCM Remote Unit LA Dissnostic Test
Ratlonale
During the miszsion PCM Remote Unit LA failed to reply to a Master Unit

data request commencing at the start of a record sequence on Rev 1023.
Subsequent testing and analysis narrowed the fallure mode to approximately

9 modules within the Remote Unit. The purpose of this test was to operate
RU LA with PCM Master Unit 2. This configuration uses a different Remote
Unit party line interface than the normsl PCM MU l/RU'ﬁA interface and could
have narrvowed the failure mode down to two RU modules if the test were

successful.

Procedure
The special diagnosbic btest was conducted on Rev 1710 operating
RU 4 with PCM MU 2.

Results
The RU 44 still failed to reply to Master Unit 2 data reguests, and

the mumber of RU Modules possibly involved in the failure mode was not reduced.

2,10 0OPS-1, Redundant Systems Performance
Rationale
OP3~1 consisted of a tobal of 12 teste (a) through {1) with the

AAAAA

objeet of evaluating redundant systems performance. A brief description

33
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of each test and a brief summary of resulbts are presented here. \\

oP3-1(a) - SIS 2 }\{,. )
Results: B8GLS 2 output power dropped 20 dB during the primary

mission - probably caused by a loss of pressure in the BF cavity output stage.

If 3GLE 2 had been required to support operations, data recepiion might‘h Ve uﬂﬂ

been adversely affected with RTS having only the 14 Tfoot anterma. v

OPg-1(b) - MCS, PCM 2B, TPS2, APSZ, FPSS

Results: MCS functional health was verified in Segment One and again
on Rev 1765 POGO. PCM 2B, TP32, APS2, and FPS2 activations were also
successfully demonstrated on 1765 POGO.

Ops-1{ec) ~ Aft Switched Bus to Lifeboat Battery

This test was eliminated due to other test restrictions during Solo.

OPg-1{d) ~ Backup Timer

Results: The Backup Timer Test was performed on Rev 1466 HULA with s
sucecessful time out that was in agreement with the R~1 day time out.

ops-1(e) - Lifeboat Execute

Regults: This test was part of Q-21 and was sucecessful.

ORS-1(f, &, h, 1) - Verification of Redundant Heaters

Resulbs: On Revs 1734 and 1735 the operational status of the OAS
and RCS Redundant Hesters was verified.

0Ps-1 (j) - Redundant TCEA Test ;

Results: The Redundant TCEA was ectivated on Rev 166YP and operated
for 16 revg. Performance was nominal.

0ps-1 (%, 1) - DBS Redundant Heaters and Oscillator

Results: DBS Redundant Systems operated successfully on Revs 1004
through 1053.

OPs-1 (m) - SCC 2 Health Test

Results: The SCC 2 Health Test was performed on Rev 966 during the

. priwary mission and was successful,

3
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Rationale

Assess the ability of the SBA statlion keeping subsystems to sustain

undegraded vehicle performance for extended missiouns.

Procedure
Use primary and redundant systems as necessary (0 support primery

mission reguirements for as long as possible including the Solo Phase.

Results
The primary mission terminated with recovery of RV L on Day 106 and

the flight terminated with deboost on Day 110 due to propellant depletion.

ACSurrelayro rakesoutpal: becane noley o REV LTS, Although no
vehicle response resulted from the noise signal; transfer was made to ACS-2
on Rev 1501. After the transfer the noise signal disappeared. (Reference
Solo Experiment ACS-2). EBEY Hewiron Sernsor pitehsand woll.ouboit. showed
Jeurabionssfronenormelostantiiie 00 Bed 1286,  These deviations continued
inbermittently at rvandom during the remainder of the mission [ACS-1 not
conbrolling). RG] Sms usas Prom Grteort umtil B 0083 [pay 00 A
that time RCS-L capability had become marginal and control was trausferred
to RES~2 Tor the remainder of Tlight, except for specific RCB Bolo Tests.

The orbit was maintained with orbit adjusts at 3-day intervals
throughout the mission.

Electrical power was available for all programmed mission activity.
No power usage coustrainte were required 1in support of primary and secondary
payloads however, & CUEEELS wEREE Tinitationyas dnosed e Sediedt One Be
& precaubion acainet execessive battery depletion.

TT & C subsystem evidenced two anomalous conditions mnelther of which
had an adverse effect on mission objectives. DuRev-1003 POV Renmote Wi by
Farteld but operations were successfully conbinued by switching to Bemote
Unit 4B. A 8055 2 Yealoh Test-on Rew 1086 Hule showed the transmitter power

oubputoto hove deevessed by 20 dBoprobably caused by a loss of pressure in the
EF cavity output stage with resultant coropa. Subsequent testing indicated
that receipt of data might possibly have been adversely affected with RTS
having only the 14 foot antenna.
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2,12 Q-1 through §-25 Quantic Experiment

For convenlent reference acronyme used in thip section that are

peculiar to the Quantic Experiment are listed.

CEU Central Electronics Unit
G MAP Predicted Magnetic Map
HSS Horizon Sensor Bystem - Either Barnes or Quantic
or Horizon Tracker ~ Individual Sensing Hesd
LB I1 Lifeboat
PDWN 5TC Mode Piteh Down Indicstor
OA+ Pogitive Orbit Adjust
OA - Hegative Orbit Adjust
G Quantic
QT Quantic Industries - Contractor for the HSE and 8T8
BV Recovery Vehicle
8T8 - Btar Tracker System
o ST Star Tracker - Individual Bensing Head
Iunbroduction

The Quantic Industries (QI) experiment consisted of a complete Star
Tracking System (879) and Horizon Sensor System {H88) and was flown in a
piggy-back non-controlling configuration on SV-8. The integration of the
experiment equlpment with the 8V, the pre-flight testing, the operational
gupport required and finslly, the in-flight and post flight data reduction
and analyeils effort all represents substantisl commitment on the part of
many orgenizations. Acommenensive and detailed repori of [bese activities
docbovond the seape of this Gocument and will be vevorted on separately at
g later dote.

However, since Quantic testing represented the major portion of Scolo
tegting on 8V-8, very brief summaries of the 25 subsexperiments are listed
here to provide a complete record of the Solo Fhase., In some instances
(910, 619, Q21 and QR4) the resultant test data has been expanded becaupe
it 18 available,

36
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Experiment Degcription

The experiment congisted of both a Quantic Industries Horizon
Sensing and Star Tracking Subsystems. The Horizon Sensing System
consisted of four independent Horizon Trackers (B/T) and a Central
Flectronics Unit (CBU) which processed the H/T angle outputs to form pitch
and roll gttitude estimates. The Horizon Bensor CEU also performed the
telemetry subcommutation and power supply functions. Two independent Star
Trackers and an additional CEU formed the Star Tracking System.

Becguse of the gelected geometry for mounting the experimwent trackers
to the wvehiele, 1t was not posgible to mount all trackers on the same
integral structure. As a resulb, the configuration shown in Figure 10 was
flown. Both Stay Trackers and three Horizon Trackers were mounted on a
iarge pylon located at Bay 8 on the aft bulkhead of the Aft Section. One
E/T, which locked forward and down was located on the aft bulkhead of
the Aft Section at Bay 5. 8Since piteh and roll attitude could be
extracted from any thres of the four His as well ag the two {both reguired)

o,

single axis S/T, the large pylon configuration was sufficient to compare

the QI attitude sensing system with the Barnes B/S System,

Guantic Teat Profile

Date Rev, Test
April 12 29 Q-1
April 15 81.9 g-1 {81}
April 16 Ol Q-9 (oa+)
April 16 95 Q-8 (Yaw Reverse)
April 16 96 Q-9 (04-)
April 16 96 Q-8 (Yaw Porward)
April 17 113 &4 Calibrate
April 17 11k Q-13
April 17 11k Q-13 ST+
April 17 115 Q=13
April 17 115 Q Calibrate

37
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Date

April
April
April
April
April
April
April
April
April
April
Aprdil
April
April
April
April
April
April
April
April
April
April
April
April
April
May 1
May 3
May 3
May b
May b
May &
May 4

18
18
18
18
19
19
19
20
21
22
22
22
2h
25
25
25
25
26
26
ar
27
28
28

29
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Rev Test

130 Q Calibrate

131 @-13

132 Q-13

135 g-11

143 Q-9 (OA+)

1k6 9-3

150.3 H/ 7

162.8 Q-3

178.8 Q-3

192 Q-9 (GA+)

195.0 -3

195.3 Q H/T+

208 Q-7

2ho Q-9 (0a+)

okl -8 (Yaw Reverse)

2hp Q-9 (0A-)

phe @-8 {Yaw Forward)

260 QL

261 Q-hB

271 Q=54

o272 Q-5B

289 q-0 {oa+)

292 §-13

308 - 310 Q-11

337 Q-9

375.8 Q-ba

376.8 G-iB

326.6 Q-9 (0a+)

387 q-8 (Yaw Roverse)

388 Q-9 (0A-)

388 -8 {Yaw Forward)
38
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May o
May 7

May 12

May 2k

May 25
May 25

May 26
May 28
May 30
May 30
May 31
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Rev Test

Lo6/T Q-13

h3b Q-9 (0A+)

153 87 1 Failure

hss Q Power Down

Les ¢ Power Up

Lis,2 -9 (0A+)

48g.7 geb

490.7 Q-k

518 Q-13

519 Q-13

532 Q-9 (oat)

533 q-8 Yaw Reverse)
Q-9 (0a-)
-8 {(Yaw Forward)

580.4 Q-9 (0a+)

&02.8 G-h

£03.8 Qb

615/17 Q-13

629.4 Q-9 (0a+)

681 Q-7

683 Q-9 (0A+)

1A Q-hAa

716 G-ba

726.6 Q-9 (0A+)

g-8 (Yaw Reverse)
Q-9/Q-8 (Forward)

Thi/2 Q-13

TTh.2 Q-9 (0A+)

f811.8 Qi

813.7 Q-hB

823,k Q-9 (0A+)
39

SEEREF—H-

Approved for Release: 2025/06/18 C05137285




C05137285

Approved for Release: 2025/06/18 C05137285

_S_EER_E:I’_/__H_ BIFOO3W/2-091480-7h

Date Rev Test
June 3 BTL Q-9 (04+)
June 3 887/88 Q-13
June 5 920 -9 (0a+)
June 5 921 -8 (Yaw Reverse)
June 5 9o -9 {Forward)
June 9 965 FA Cal
June 9 g2 -8 {Yaw Reverse)
June 9 973 Q-7
June 9 973 -8 {(Forward)
June 10 975 Q-9 (0a+)
June 10 98l /985 Q-13
June 12 1017 Q-9 f{on+)
June 12 1021/1622 Q-11

o June 15 1066 Q-9 (0a+)
June 16 1082 Q-8 (Mini)
June 16 108k Q-7 (Piteh Down Test)
June 17 1093 Q-Cal
June 17 1099 Q-7, Q-8
June 17 1099 ALl Off
June 18 1108 -0
June 18 1118 Q-7 (Man)
June 18 1120 Q-9 (0A+)
June 19 1130 Q-7/Q-8
June 19 1130 A1l off
June 19 1139 Q-~ON
June 21 1162/116k Q-9 (0A-)
June 21 1166/1167 Q-k
June 22 1178/1179 Q-13
June 23 1199/1200 Q-10
June 23 Q-0rf

Lo
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Date

June
June
June
June
June
June
June
June
June
June
June
July
July
- July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July

2k
2k
24
25
26
26
a7
28
28
29
30

i
5
6
6
7
T
9
10
10
11
12
12
15
15
18
19
19
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Rev
1211

1218

1218

1eev

1248

1RE0

1264

1P83

1283

1295

1314
1329
1357
1362
1376/1377
1392/1394
1406/1408
1ho9
1h20/1421
1kes
1457/1459
1h70
1h73/1h7h
1490

1501
1502
1551
1555.1
1600
1616
1619/1621

L
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Test
Q-On, Q-9 (0A+)
Q-T, -8
Q-0rf
Q~On
Q-20A
Q-9 (0A+)
Q-k

Q-9 (0a+)
Q-20A
G=20A

Q-9 (0A+)
Gm20A

Q-9 (0A+)
Q2048
Q-11

Q-k

Q-9 (0A-)
G~204
Q-13
Q=204

Q-i

Quz

Q-11
Q-204
M1V2/Mave
Q-9 (0A+)
Q-9 (0A+)
Q-2

Q-9 (0A+)
Q-9 (0A+)
Q-i
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Date

July
July
July
July
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Objectivesn
The primary objectives of the experiment are listed below:

1.

1.

2.

3.
I,
5.
.

Construct an experiment to approach & brue flight configuration
for both horizon sensing and star sensing attitude messurement
systems.

Use the combination of experiment sensors to defermine accuracy
of the Quantic horizon sensing and star tracking systems as
well as the Barnes horizorn sensing systems.

Test the egquipment in flight to ascertain if critical
specifications are being met.

Provide the interfacing experience Tor the Quantic Horizon Sensor.
Perforn a meaningful experiment to gather informstion about the
effect of horizon radiance noise on both the Quantic and Barnes

Horizon Sensors.

In addition the following secondary objectives were persued:

Provide the data by which present (or future) attitude
estimation schemes can be Judged.

Provide flight experience in gathering data for ground processed
atbitude estimation.

Provide an accurate test of gyro drift on pitch and roll axes.
Provide an sccurate test of maneuvering on pltch and roll axes.
Provide flight test information on H/S inhibit attitudes.

Evaluate S/T performance in daylight.

-1 Quantic Bvaluation Health Test

Objective
An initial stetus check on the star sensing and horizon sensing

systems during flight conditions and to determine the sccuracy of each of

the on-board sensors with respect to the others.

Besults

This experiment was performed on Rev 20 and again on Revs 81/8?, The

following information was obtained:

Ll
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@ Star Tracker sensitivity was higher than anticipated
(visual magnitude 5 rather than visual magnitude 3).

& An offset shift was cbserved bebtween the small pylon HT
head and the three large pylon HT heads.

# OT equipment temperatures on the aft bulkhead (temperature
sensors located on the HT heads) were 15 to 20°F lower
than predicted. Later in the mission temperatures dropped
further to 30 to LO°F below predicted velues. These
temperatures were within specification limits and there

wag no indiecstion that system performance was affected.

Q-2 Pitch (Alpha) Bias Check

Objective
To chaeck successful application and removal of the pitch bias.

Resulte

This experiment conducted on Revs 1470 and 1555. The application and
removal of the pitch bias to the piteh anslog channel was successful. Also
the "fast lock-on” capsbility (2°/second} of the individual horizon tracker

was verified.

g~-3 Star Catalog Check

Objective
Perform an update of the flight star catalog to be used for downsbream

experiment planning. Also, the S/T calibration curves for angle corrections

as a funetion of silicon magnitudes will be checked.

Results

Conducted daily early in the mission and twice daily in the latter part
of the mission. The observation resulted in identifying (o date) approximstely
150 stars some of which had visual magnitudes as dim as magnitude 5. Based
on these findings 11 has been estimated that the flight star tracker
sengitivity would result in & catelog of about 1500 gtars for this specific

b5
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experiment. It was originally predicted that the tracker sensitivity would

result in a 100 star catalog (first hundred brightness stars).

Q-4 Weekly (H/S) Drift Calibrstion Check/Star Catalog Check

Objective
Detect and measure any drift or shift in the QI H/S output since the

last calibration, which includes short term drift (1 to 2 rev span) and long
term drift (1 week). Also, a continuing check on star availability for

downstream experiment planning will be derived from this data.

Results

This sub-experiment was conducted at aspproximetely weekly intervals.
Data indicated thet drift characteristice of the horizon trackers were
sufficiently small thet calibrations would not be regquired at weekly intervals.
In fact, no drift was observed when calibrations were scheduled at two week

intervals.

G5 Sun Signature (Nose Forward/Nose ATt)

Cbjective
Assess sun interfevence problems asseciated with the QI Ster Trackers

operating in the daylight portion of the rev,

Results
Barly data indicated unsatisfactory performance by the star trackers

in the daylight portion of the reve This had been predicted because no
sunshades had been included in the protective covering design. Limited
performance was obtained for the first few hundred seconds of orbital sunrise.
This could possibly be explained by aft bulkhesd shading when vehicle is in

the nose forward attitude.

0-6  Health Checks

Analyze flight behavior of the experiment on a continuing basis

throughout the mission.

L6
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Results
Status data were collected on each rev. Health checks were a valuahle
source of experiment status, eg:
¢ Equipment temperatures were found to be substantially lower than
predicted throughout the flight.
@ Drift calibration sequences were modified due to horizon tracker
hangup that was observed during a health check.

8 Star Tracker 1 failure was observed on a health check on Rev 4sh,

Q~7 Pitch Maneuvers

Obiective

Determine eharacteristics of Quantic B/S when operating at a pltch
offset. During large piteh maneuvers, the QF H/S will inhibit. The

characteristics of the inhibi{ will be obtained for fubure analysis relsted

to the geometry of inhibit conditions. The capability of the Horizon
A Trackers to track the horizon at significant plteh rates and abnormal piteh

angles will also be checked. If stars are avallable during the maneuvers

a check on maneuver accuracy and meneuver measurement accuracy (via

piteh dowd) may also be checked. Data recorded during the hold period
following piteh down will provide an estimate of roll gyro drift if stars
are available in both star trackers. Algo a check on the accuracy of the
programed geocentric plteh rate (and/or a piteh gyro drift estimate) can

be made.

Results

The Q-7 experiment was designed to obtain QI date during normal mission
cperations and, because speclal masneuvers were not allowed, all of the Q-T's
performed prior to 8T 1 failure were carried oubt in the daylight vwhere 8T
data was meaningless. As 8 conseguence thers was no 8T Loformation to

aceurately check wanewver capebility.

Horizon Tracker data indicated that they were capable of tracking the
horizon throughout the meneuver range {approwimately 21° in piteh for this

experiment geometry). Conditions for the H/S inhibit mode have not as yet

L7
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been determined from the data. Further pilteh maneuver information is
contained in Q-16.

-8 Yaw Maneuvers

Objective
Performance of the QI H/S while the vehicle 1s undergoing nowinal yaw

rates will be observed. TIf the mapsuver is performed in the shade, more
informagtion can be obtained shout potential stars within the sensitivibty

of the QI Star Tracker.

Regults

Q-8 experiments were performed prior to and following every nepative
OA burn. It was established that the H/S gy stem maintained normal tracking
throughout the 1807 maneuvers. Also its performance was not adversely affected

by RCS thruster activity.

- During yaw maneyvers piteh and roll excursions are significantly larger
than during normal operation. Therefore this experiment provided an
opportunity to compare QI and Barnes H/S over the greater dynamic range.

Preliminary analvels shows good correlation between the two tracking systems.

In particular, Figures 11, 12 and 13 illustrate good agreement of
the attitude sensors during 180° yaw arcunds occurring at various times
of flight (Revs 95, 242, 140B). The plobs of roll and piteh attitude as
dervied from the Quantic H/S on Pigure 11 do not have all known
corrections applied while those in Figures 12 and 13 do. Figure 11
contains a comparison between primary and redundant Barnes Sensors vhich
also demonstrates very good agreement. Note that the Barnes (fine)

telemetry saturates at one degree.

8~9 OA Epvirvonment Test

Objective
Examine the operation of the QI experiments while in the enviromment

of the orbit adjust. Specifically, observe if the QI H/S maintaing track

and if the Star Trackers can lock on to g star.

hg
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Figure 13
Yaw Reverse, H/S Comparison, Rev 1408
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Regults

A §-9 experiment was conducted for all but one of the O0A firings.
Preliminary analysis shows no degradation in Horlgon Bensor performance
during an orbit adjiust. Star Tracker lock-on cepability during CA firings

has not been evaluated as yetl.

0-10 Pitch/Roll Gyro Drift Calibration

Rationale
Determine gyro drift with @O H/S information and cowpare with present
methed of using Barnes H/S data.

Procedure
With the Quantic experiment on,; fly inertially. The noen-controlling

Barnes H/8 should also be on during this experiment.

Results

The gyro drift calibration was accomplished during Revs 1199 and
1200 with controlling system MIVD and agsain during Revs 1720 through 1723
with controlling system M2VE.

Revs 1199 through 1200 will be designated experiment §-10A. Revs
1720 through 1723 will be designated experiment §-10B.

The followling sequences were used:

Rev Command Vehicle Time (seconds)

1199.9 GYR1- 2~ 526870.6
Fine Mode, Geole 2« 526871L.0
/8 1 DISC 5268714
H/8 2 DISC 526871.6

1200.9 ACB MSTCLRL~ 532230.6
ACS MSTCLR2- 532230.8
GYR1+ 2+ 532231.0
Coarse Mode, GEOl+ GEO2+ 532231.2
H/S 1 CONN 5320311
H/S 2 CONM 532231.6
Plne Mode 303001

50
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Rev Command Vehicle Time (seconds

1720.1 GYR1~ 2- 781325.2
Fine Mode, GEQL- 2- T8I325.6
H/S 1 DISC 781326.0
B/8 2 DIse 781326, 2

1723.1 ACS MSTCIRL- T9TH59.2
ACS MSTCLR2- TITH59. b
GYR1+ 2+ TOTE59. 6
Coarse Mode, GROL+ £+ T97459.8
H/S 1 CONN TTHED, O
H/s 2 com TITHE0. 2
Fine Mode TOTELY. 2

Table ¥ shows the Barnes Horizon Seusor data that are normally used
o caleulate gyro drift. The times were chosen at the same latitude for
each individual experiment. Table VI shows the Quantic Horizon Sensor
data. Table VII presents the gyro drifts which were caleculated according
to the following eguation:

+p INTEGRATOR -A H/S
A TIME

Gyro Drift =

Table VIII compares the gyro drifts with pre-flight data for the Barnes System.

Q-11 Prime Pylon and 8V Attitude Estimation

Objective
Provide a best estimate of pylon and Satellite Vehicle (8V) attitude.

The best estimate of pylon attitude will be used to calculate the expected
individual horizon tracker angles Tor an oblate earth so that radiance

effects can be inferred.

Results
This mejor date pathering experiment was performed at {(as planned)

various sun Beta angles (B~ 2°, 13°, 19°, 229, 26° and 28°) to provide

indications of thermal distortion impact on experiment accuracy.

53
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TABLE V
BARNES HORIZON SENSOR DATA

) PACS BACH
Ve§1cle Barnes H/S Integrator Barnes H/8 Trntegrator
Rev ?me) Fiten | Roil Fiten | Roil Piton Foll Biteh Roll
eee (deg) (deg) (deg) (deg) (deg) (deg) (deg) (aeg)
Q=104
1199 | 526888.0 0.8672 0.0b29 | -0.0610 0.0008 0.9260 0,1047 | ~0.0198 0.0730
1200 32217.0 0,8259 0.0429 | ~0.,0919 | ~-0.0095 0.8878 01087 | ~0.1125 0.0318
§-10B
1720 | 791329.6 0.0223% | «0,1838 | -0.09019 0.0112 0.0823 | ~0.1219 | -0.0095 | -0.1125
1781 | TREAEH.O 0.0017 0.0017 | ~0.0610 0, 1760 0.,0823 0.0429 | -0.0816 0.0k21
1res | 79200h. b 0.1047 | =-0.0189 0.0k21 0.1039 0.08L1 0.0223 | -0,1125 | -0.0301
1723 1 T97939.4 0. 2902 0.0017 0.2378 0.,0627 G.2002 | 0,0635 | -0.0610 | -0.0713

u_/
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TABLE VI

QUANTIC HORIZOW SENSOR DATA

Vehlcle SDANEIC 275 Fiteh e Roil Pitch e Roil
Rev Y‘Eizl: ) fgé;‘;? }jégié ) Integrator | Integrator Integrator Integrator
(deg) (deg) (deg) (deg)
G-104
1199 526888.0 094738 0.1211 -0, 0b51 0.0150 ~0.0059 0.0882
1200 532217.0 08925 0. 1710 -0, 0952 -0, 0126 -0.1109 0.0262
Q-108
1720 581329.6 0, 0G40 -0.1317 -0.0982 0. 0059 -0 0059 0., 1079
1721 TREG68. 0 0,1249 0.1163 -0.0565 0. 1EET ~0, 0730 0.0399
1722 TOLO0N. 4 01761 0.0667 0.0372 0.0052 -0,1064 -0.0349
1723 797339 4 0. 3547 0,0756 0.2317 0,054y -0, 0628 =0, 0739

HBI5
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TARLE VII
QI/BARNES GYRO DRIFT COMPARISON

BARNES HORIZON SENSCR

QUARTIC HORIZON SENSOR

P FACS RACS PACS RACE
s Piteh | Roll Fiten | ROLL Pitch Roll Fitch | Roll
{Degrees per Hour
1199 - 1200 | 40,0069 | ~0.0069 | -0,0348 | -0,0278 | +0,0008 | -0.052k | -0.0363 | -0.0758
1720 - 1781 | +0.0347 | -0.0139 | ~0.0486 | -0,0069 | +0.0033 | -0.0588 | -0.0660 | -0.0676
172 - 1TeR 0 ~0.0348 | ~0,0626 | -0,0348 | 40,0287 | -0.0188 | -0.0571L | +0.0368
1728 - 1723 1 40.0070 | -0.0417 | -0.1043 | «0,0856 | 40,0609 | -0.,0332 | -0.0911 | -0.0323
®1TR0 - 2723 | +0.0139 | -0.0301 | -0.0718 | -0.0324% | +0.0142 | -0.0356 | -0.071k | -0,0360

#* Note, the values more closely correlate when the longer time span is used because system
instrumentation errors become less significant.
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TABLE VIII

BARNES GYRO IRIFT COMPARISON

Data Source FACS RACS
Piteh (°/Hr) | Ro1l (°/Hr) | Piteh (°/Hr) | Roll (°/ir)
Vendor Data Pre-Environmental Results ~-0.12 +0.0bg +0, 0h7 0,065
Vendor Data Post Epnvircommental Results -0.112 +0. 070 +0. 031 0. 028
Module Test (1T O +0. 0% -0.06
Reve 1720 - 1723 (average) +0,0141 -0.0329 -0. 0716 -0.0357

A=08HTE0-8/MECOITE
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Unfortunately the fallure of 8T 1 on Rev 454 impaired the aceuracy with which
the Horizon Tracker performace can be evaluated. Preliminsry data evaluation
for the @-11 (Rev 308/309) indicates good agreemsnt between attitude estimates
derived from Barnes and QI Horizon Sensors around a full rev. It also
indicates very good agreement between atbitude estimstes derived from the

QT H/S and the QI Star Trackers {during the shadow). Correlation of Barnes
and @I performance dats taken from several @Q-11 experiments throughout the
flight show that there may be a sun Bebta angle effect (thermal distortion
ARM~tG«pylon) on the sccuracy comparison between H/S systems., This can be
seen in Pigures 14 and 15 which are plots of pitch and roll attitude for a
Pull orbit on Revs 308 (B = 2°) and 1637 (B = 26°). In order to indicete the
comparison in more detail, the difference (QI-Barnes) between the corresponding
attitude estimates are plotted in Figures 16 and 17. It is apparent that the

mean of the difference has shifbed sbout 0.05 degrees.

Q~12 SBecondary 5V and Pylon Abtitude Estimstion

This sub-experiment was cancelled and superseded with Q-11.

@-13 Low Freguency Horizon Radisnce

Objective
After removal of fixed relative bilases between the Barnes H/S piﬁch/

roll estimates and the derived Quantic H/S piteh/roll estimates, a comparison

of the residual esbimates of the two sensors can be made.

Results

Beveral of these experiments were performed during the primary mission
for abbreviated pericds (2 revs). During sclo & six rev nose forward test
was done successfully. However, the nose aft test data was impaired because
one Quantic Horigpon Tracker was hung up on its upper limit due to a previous
maneuvering test.

The data gethered during this experiment may not necessarily be anslyzed
at present but is available for investigations into low frequency radiance

effects.
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Figure 1k
Quantic and Barnes Pitch and Roll Attitude, Rev 308
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Figure 16
Quantic Minus Barnes Attitude Difference, Rev 308
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Figure 17

i¢ Minus Barnes Attitude Difference, Rev 1637
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Q-1 Rate Integration Check

Objective
Compare integration of gyro rates with the control system integrators

versus the ground integrations.

Results
This experiment was done in conjunction with Q-10. The data is to be
used as a validation of the Phase IT {final phase of data reduction) data

processing filter. This work has not been completed as yetb.

Q=15 Relative Star Tracker to Star Tracker Bias

This experiment was cancelled due to the fallure of ST 1 on Rev L5k,

Q-164 Pitch Maneuver Calibration

Objective
To ecalibrate BTC mode piteh maneuver indicator (PDWN), and the Quantic

— HS large angle (piteh) accuracy as well as the vehicle pitch maneuver

ACCUTACY .

Results

On Rev 1632 a negative pitch maneuver was performed with the Following

sequences’
COMMAND SYSTEM TIME (SRC) VEHNICLE TIME (SEC)
R/8 2 DISC 53579.1 318237.6
GYRA~ 53579.5 318238.0
PITCH NEGATTVE 53575.9 318238.4
STOP MANEUVER 53609.5 318268.0

The piteh atbitude was 0.0 degree at vehicle time 318238.4 seconds.

Therefore, © = +AGLymo o * [m} ~0.068667 & + -0.T05191 X 29.6.

Fiteh gyro drift is negligible within & span of 150 seconds. Figure 18 shows
FDWN, the Quantic H/B piteh attitude and the caleulated 8. Table IX compares
the piteh atbitudes.
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TABLE IX
PITCH ATTITUDE COMPARISON

Vehicle Time Calculated* PDWN Quantic H/S
(sec) (deg) (aeg) (deg)
318288.6 -21.0 -20.3 -21.2
"
3183368.6 -21.0 ~20,3 21,2
318388.6 -21.0 ~20.4 -21.3

*Note that this caleulated piteh angle is an after the fact calculation and
contains information that is normally not known prior to commanding the
maneuver. In particular, the change in the pitch integrator state
(A6 integrator) will not be known apriori. However, the relative change in
orbit frame position (actual-programmed) could be accounted for by use of
rredicted ephemeris.
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Originally, calibration of vehicle pitch maneuvers was to be done

Results

using the STS. Due to the fallure of 8T 1 prior to conducting this
experiment, the calibration technigue had to Ye modified but preliminary
data evaluation baged on 87 2 proved to be & reasonable verification of
piteh maneuver accuracy. As shown in Table IX a piteh maneuver of -21.0°
was programmed (caleulated). Three independent measurements (PDWN, QT HS,
and QT ST £) were made with respective values of «20.3, =-21.2 and -20.95
degrees. These values indicate that vehicle capability for pitch maneuver
aceuracy is at least an order of magnitude bebter than specificatbion
reguirements.

These measurenents also show that PDWN presents a fairly accurste
indication of maneuver performance provided that no telemetry data drop outs
oceur during the mansuver.

The QI HS large engle measuring capability was of specific interest
gince it was to be used in a later experiment (Q~21). As the data in-
Figure 18 indicates the HS as configured for this experiment had a dynamic

range capability slightly beyond Z1° with good accuracy over the range.

9-168 Roll Maneuver Calibration

Objective
To determine the aceuwracy with which inertial roll maneuvers may

be performed.

Results
Some data analysis remainsg to be done on this experiment but

preliminary indications are that vehicle performance in roll maneuver
accuracy 18 as good as piteh maneuver accuracy {Q-164). Preliminaery nmumbers

are ag follows:

+ ROLL - ROLL

Programmed +9,811 ~9.801

Q-8/m +9.810 -9, 845
66
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Q-1T7TA Roll 15 Iphibit

Objectives
The primary objective of this experiment wag to establish the roll

angle inhibit point for QT HES. A secondary objective was to determine
relative aligmment between the ARM and main pylon rell planes. A tertiary
c¢bjective was to obtain information about horigzon radlance profile if

possible.

Results
This test was carried out by conbtinuvously rolling the vehiele for
ore rev (Rev lT38) while continuously opersting tape recorders. The data

has not been analyzed as yeb.

Q-17B Pitch HS Inhibit

Objectives
The primary objective of this experiment was f© establish the pitch

angle inhibit point for the QI HS. A secondary objsctive was to determine

relative aligmment between the ARM and main pylon pitch planes.

Results
This test was carried out by continuvously pitching the vehicle
through 635.4 degrees on Rev 171k, This maneuver was followed by a 180 degree
roll maneuver which left the vehicle in a nose aft local horizontal position
Por tests which followed {Q-11, G~13). Coming out of this large angle maneuver,
one of the HT's on the main pylon was hung up in its upper limit. This
condition had an impact on the subsegquent tests which followed (Q—ll,
Q—lS) before an HT search comand could be sgent to release 1t. The
detailed data analysis relative to HS pitech inhibit angles and pitch
rlane aligrments has not yet been coampleted.
0-18 Best Bet Abtitude
Objective
To evaluate attitude comparison data between Barnes H3, QU HS and QT ST

Gystems for several consecutive revs,

s Results

The data from this experiment has not been analyzed as yebt.

&7
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Q=10 Macnetometer Calibration

Objective
Compare abtitude estimates from the LB IT megnetometers with

gttitude measurements of the I experiment.

Besults

Figure 19 comperes magnehometer outputs with DOMAP theoretical
magnetometer outputs at varicus latitudes around the orbit. The mmber of
data points for P and R sensors is limited due to #elemetry saturation,

The data shows that although the magnetometer has some errors
introduced by indueced magnetism it is well within the allocated error for
distortion.

For correlation of magnetometer data with QI and Barnes datae refer
to Experiment Q-21.

G-208 Sun Twpingement - 5T 2
Objective

To determine 1f 57T design was adeguate to withstand Tull sun in the

field of view.

Results

Due to relative sun vector motion {non-sun synchronous) on SV-8 the
sun passed through 87 2 FOV on every rev from about 26 June through deboost.
No deletertous effects were noted. Detailed dats was collected and analyzed
for several different revs where ilmpingement ccould have occurred. In every
instance the ST mirror appeared to track a sun glint which prevented full sun
impingement on the 87 debector. Thus the sclar protection feature of the BT

was not tested and cannot be evaluated.

QP08 Sun Tmyingement - 85 2 (Smell Pylon)

Cbjective
The QI HS design includes a sun sensing element and asgociated

circuitry which depresses the sensor away from the sun and toward the
earth when the sun approsches the FOV. This feature protects the

radiance detector from possible damasge due to direct sun

|
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impingement. This experiment was performed to demonstrate the operation of

the sun sensor.

Resgults ‘

This experiment was carried out on Rev 1718 by performing & yvew
maneuver from & nose aft attitude prior to sunrise. This placed the FOV of
HT 2 on the horizon at a point vhere it would see the sun at orbital sunrise.
The dats shows the BT angle depresgsing 3.5 degrees below the horizon as the
sun approaches the FOV and its recovery as the sun recedes. This verifies

the successiul performance of the sun sensor.

g-21 LB Attitude Estimation
Objective
e QI 'HSS o neasure attitude pointing.capebility ofthe LB systenm
swuhile operating in the BV mode . The experiment version of the Quantlc HSS
has a readout rapge large enough (epproximebely 21°) to allow it to
measure vehicle attitude during a typical LB operation. The Barnes HES

readout telemebry is limited to 210 degrees.

Results

This experiment was performed on Rev 1751. The ACS was descbivated
at t = 80 seconds. At t = O seconds, Lifeboat Execute was commsnded while
in the North-South, RV Mode. At t = 360 seconds Lifeboat was reset and control
was subgeguently returned to ACB.

At the time of Lifebost reset the vehicle attitude was -17.49 degrees
in pitch and 0.5% degrees in roll as determined by the Quantic Horizon Sensor.
Yaw attitude determined by integrating the ACS yaw gyro rate was approximately
~-2.5 degrees.

These attitudes are well within the Idfeboat speecification which
requires the vehicle X-Y¥ plane to the earth's magnetic field vector be
perpendicular within 7.5 degrees in the latitudes and longitudes at vhich
this ewperiment was conducted. Table X is & summary of pitch and roll
attitudes determined by magnetometer and by horizon sensors.

A plot of plteh atbitude during Lifeboat control is shown in Figure 20.
Pitch abttitudes determined by: (1) calculating piteh attitude based on the

TO
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TABLE X
COMPARISON OF FITCH AND ROLL ATTITUDES

T

(ra) |(me) | 7€) | (wg) | mg | feeeh | b | P | (ng) | (ugy | () | R | Rely | Fell,

475 3.2 6 281 530 1 04108 | - 0.3 | - 0,13 0.0k - B.8 -7 1 1.8 e ~0.1% -0.2
o g ] w38 3.7 | 536 0LLOT L - ob | - 013 0.2 ~10.H <10 Ok 0.0k ~0,13 -0 3k

2 59,3 | -38 | 21.3 | 536 | 007 | - &3 |- 190 | 1.8 -11 kT T 093 0.1

i L10%.9 | 41 62,0 | oser | 0.0 | - .9 | - 6,93 | 6.8 -18.k O 5 P R - 1.04 0.9
230 «125.6 | -h1 8% & | 519 | DD - 8.3 |~ 936 | 5O -13:1 SR I ES2 N A R 0.92 1.2
2h A6z [ w320 | like | 508 | a3 | -39 | 13,58 B «13.9 -1 {1y | Ly 1,47 1.2
14 L5, | -23 0 Laseax |oBS6 | 0,118 | <17.9 | -17.49 o -15.2 <10 | 5.2 1 0.8 0,54 0.8
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deviation of the P magnetometer sensor reading from DG MAP, (2) Barnes
Horizon Sensor and (3) Quantic Horizon Sensor sre plotted,

The maximum deviatlion between the piltch atiitude determined by the
magnetometer and by the horizon sensors was 0.7 degree.

The deviation of the plich attitude from the theoretical pitch angle
1s also shown in Flgure 20, The theoreticsl pitch angle is the angle of
the earth's magnetic vector, H, with respect to local horizontal. The field
vector piteh angle at the time of RV simulation was -20.4 degrees. The
meagured piteh angle was -16.8 degrees,

Figure 21 is e phase plane plot of P magnetometer readings and pitch
axis rate. The relation of the magnetic fisld vector and the vehicle axes
was such that both the magnetometers were well within dead band at the time
of Lifeboat Execube., Consequently no large rates or attitude errors were
observed.

i, Thrust valve firing was negligible consisting of 9 pulses of 2
milliseconds each of Thrust Valve 2.

Holl attitude error and rate were small and were never large enolugh
to cauvse thrust valve firing. This is in sgreement with predictions based
on DG MAP. The meximum deviation bebtween the roll attitude determined by the
magnetometer and by the horizon sensors was 0.6 degree., The measured roll
attitude at the time of RV simulation was 1.0 degree.

Yaw attitude is not controlled or specified. Yaw rates were small
and never approached the dead band. Therefore, no thrust valve firings

were required Tor yaw corrections eithex.
Q-22 Sequential Maneuver Calibration

Objective

The purpose of this experiment was to determine if any in-plane (scan

plane) shift occurred between the ST Sensors and ARM due to the ascent

enviromment.

T3
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Results

This experiment was copnducted on Rev 1704, The method used to
invert the star sighting within the 8T FOV was to pitch up 19°, roll right
143° and & piteh up of 160°. A preliminary analysis of the data shows that
the in-plane aligmment was different from the ground test reference measurement
by 0.005°.

The error sources involved in this caleulation have not been assessed
as yvet and will undoubtedly have some effect on the confidence limits
gssoclated with this measurement.

Also thermal distortion effectg will be indistinguishable from the

misaligmment due to ascept shifting.

Q~23 Gyro Reference Plane Calibration

Objective
Determine the relative allignment between the large pylon and ARM

vaw planes.

Results

The experiment was accomplished on Rev 1747 by inertially maneuvering
the vehicle through 720 degrees of yaw on the dark side of the orbit.

The data has not been analyzed as yet.

§-24 Geocentric Rate Determination

Objective
Uge the Quantic experiment to measure the digital geocentric program

rate. With the Quantic experiment on, disconnect the Barnes H/S while leaving
the geocentric rate connected and the control system in fine mode. Maintain

this configuration for two continuous revs.

Results
The geocentric rate determination began on Rev 1733.6 with M2V2 the

combrolling system. The sequence used in this test was as follows:

(B
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COMMAND VEHICLE TIME (SECONDS)
H/S 2 pIsc 14343.6
GYR- 1343, 8
CCARSE MODE 25033, 4
H/S 2 CONN 25033.8
GYR+ 25034.0
FINE MOLE 256334

Table XI shows the data for four ftime points when the gyrocompassing

iz stopped and horizon sensors are discomnected.

The equation to determine the magnitide of the geocentric program
rate follows:

Geocentric Program Rate = 360° + AQI - AQH{S - Gyro Drift Rate

REV TTVE

The gyro drift rate during Revs 1720 through 172% was -0.00002
degrees/seconds. The geocentric program rate was caleulsted to be 0.06865° /sec
from Rev 1733 through 1734 and 0.06867°/sec, from Rev 1734 to Rev 1735 which
averages to 0.06866°/second. This is in close correlation to the last
ground hardware test which messured the geocentric program rate as
0.068667° /second.

G-25 Quantic Star Treacker 1 Health Check

Objective
Determine Af any self healing had ocecurred to 8T 1 during the 82

day "off" period and to determine i¥ Star Tracker 1 anomaly will affect
Star Tracker 2 operation if Head 1 is left on,

Part I -~ With all of the Quantic System on except for Btar Tracker 1
turn on Star Tracker Head 1 for 60 seconds over a shation pass, then turn off
total Quantic system. On the next station pass, turn on the totsl Quantic
System except Star Tracker Head 1. Tf system has not been degraded continue
operations with 5T 1 off until Part IT is initiated,

Part 1T « After completing all eritical Quantiec experiments, turn on

8T 1 and leave on. Determine if reset of system is affected by leaving

S/T Head 1 on.

76
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ATTITUDE DATA FOR Q-2
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Guantic H /S Estimated
. Vehicle Time . Integrator
Rev Latitude (scc) Attitude (QH/S) Attitude (6.)
1733 0° 16773.8 -k, 1835 ~0. 0137
1734 of 22102.8 ~10. 0203 ~0,1233
1734 0* 19415.8 -5.8121 0.1031
1735 0° ohThk 8 -11.6489 0.1039

[
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Results

Time of experiments were ag follows:
Part T Date System Time Vehicle Time
Start July 27, 1974 68196.8 BTk, b
Stop July 27, 1974 £8256.,8 98854 I
Part IT
Start July 28, 1974 667501 183747.8
Stop July 28, 197k 8195k, 5 198952,2

8T 1 failed to burn on on both tests. BT 1 CEU voltage remained at

the failed value of 2.80 telemetry volts. No adverse effect was noted on

ST 2 operation during either part of this test.

Figure 22 is a plot of star tracker angles from Part I of the test.
Figures 23 and 2k omre plots of star tracker angles from the beginning and
As can be seen from Figures 22 and 24 ST 2 shows
Figure 25 shows that this dither was

end of Part IT of the test.
g dither at the ends of the scan range.
occurring prior 4o this test and is unrelated to the S/T 1 failure.

On all the Figures, an asterisk (%) indicabtes a valid star sighting.

Every asteérisk had a star sighting time, & star indicated on Bit 14 of the time

word and a star brightness indication. This was true of both Star Trackers.

On Figure 24, 8tar Tracker 2 shows "bad’ angle outputs at times 108877
and 198879, Associated with these bad angle readings were star indications
However, Bit 14 of the angle output did not indicate a
In both cases the

as noted above.
radiance event as it had in sll other star sightings.
"pad” angle output was approximstely -3.5 degrees. The cause of the bad

readings have not been investigated as yet.

78
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Q-25 Test Rev 1765
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Figure 23
Star Tracker Angles, Part IT

% Indicates shar event with brightness outputs.

G-25 Test, Rev 1768

Approved for Release: 2025/06/18 C05137285




C05137285

Approved for Release: 2025/06/18 C05137285

_SEER_FF_/_ + BIFOO3W/2-001480-Th

24

Star Tracker Angles, Part IT

Figure

* Indicates radiesnce event showing ster.

Q-25 Test (8/T 4 On 9BTOL)
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Pigure 23
Example of Tracker and Dither at end of Scan Angles
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e,
3.0  SOLO THESTS - 83C
. There were no Solo Tests performed by S8C on SV-8.

83
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L,0 8OLO TESTS - MWC

b1 MWC-1 Temperature Effects of Pressurization
Raticnale

To observe the effects on pan camera pneumatics on the RV 4 aubomatic

temperature control heater power consumpblon.

Procedure

The pan camers prneumatics were burned on for 130 seconds prior to perigee
on Rev 1697 +to obtain & nominal film path pressure. The SBA tape recorder
was operated for 13 mirutes prior to pressurization and for 32 minutes after

the film path was presgurized.

Results

The data obtained in shown on Figure 26, MNo conclusions can be determined
from this experiment because there was no significant change in heater power
requirements when compared with nominal consumpbion requirements. As
anticipated, the data does not show any evidence of either existing or potential

thermal problems.

8k
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5.0 80LO TESTS - WEC
The following is & description of the test activity that was
geeomplished during the primery mission after the RV-5 recovery. Table XTI

is a summary of the NEC solo activity.

5e1 ST=1 Fmergency Shutter Open Characteristics

Objective
To verify that the contingency mode of operation would have functioned

if peeded and to obtain thermel response data with the thermal shutter open.

Results
This experiment was not accomplished. Reference Experiment ST-3,
5.2  8T«2 Terrain Thermal Shubtter Resel

Objective
To verify operation of the thermal shutter reset capabllity.

S Results
Reference ST-3 Besults.
5.3 8T-3 Verify 8T Operation with Emergency Shutter Open and Reset

Objective
To verify the 87 will respond when operate commands are programmed

between terrain thermal shutter emergency open and reset functions.

Results

On Rev 1361 two ST operstes were programmed that include commending
the thermal shutter emergency open at the start of each operate and reset
at the last Trame of each operate. The overlap opbion of 10% and T8% were
also exercised. Roth operates were executed. The 10% overlap was a 410

second operate.

The thermal shutter did not open with the emergency open commands on
either operate. The enable and emergency open commands were added to the
normal operating sequence at -3.6 and -1.6 seconds with the emergency open

reset command sent 0.2 seconds after the off command.

86
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Both the enable and emergency open commands were received and execubted
as evidenced by the lack of thermal shutter operation om all but the last
Prame operation. The thermal shutier telemetry indicated all commands
were exscuted as programmed. (Reference Paragraph 5.6 for additional test
data on the thermel shutter).

5.4 gT-k +/-Y Stellar Capping Shutters
Objective
To verify functional operation of the stellar capping shutters.

Result
On Rev 1361 both + and - ¥ stellar safety capping shutbers were

successully closed on the first attempt.

565 8T-5 Operation with One Voltage Converter OFf
Objective .

To determine ST operating characteristics with easch converter

turned off in both the normal and backup modes of operation.

Results
On Revs 134k and 1345 four operations were executed with the following
configurations:
Backup Mode Converter 2 Off
Backup Mode Converter 1 Off
Normal Mode Converter 2 Off
Normal Mode Converter 1 Off

Execution of each converter off command was verified by comparing
the change in EDAP voltages. EDAP voltsage comparisons are shown in
Table XIIT. HNo abnormal operation was noted when operating in either of
the four indicated configurations.

With Converter 1 off, the narrow band tempersture monitors indicated

a drop in temperature of -0.7 to ~0.9°.

87

SECREF/H-

Approved for Release: 2025/06/18 C05137285




C05137285

Approved for Release: 2025/06/18 C05137285

SEERH: l " BIFOO3W/2-091480-Th

During the backup mode of operation the frame time varied more than
in the normal mode which was not upexpected:
Converter 1 Off range - 8.706/8.699 seconds
Converter 2 Off range ~ 8.733/8.710 seconds

5.6 Speeial Terrain Thermal Shutter Bmergency Open Attempts

On Rev 1&58, a normal cmergency open sequence was execubed with
negative results.,

On Rev 1%77, a modified emergency open sequence was executed with
negative results, This sequence ineluded‘go on and off ¢ommands following
the emergency open commeands. The on/off commands were gent at 3 second
intervals.

On Rev 1572, the system was operated for 11 cycles in the normal
mode with the thermal shubter electrically reset from the emergency open
sequences,. Thermal shubtter operation was normsl. No data discrepancies

o were observed. The failure of the ewergency open mode has been isolated

o the emergency open mechanism.

88
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TABLE XIT
NEC TEST SUMMARY
FRAME TIME
Rev Mode Frames Cale. Actoal Comments
1327 Normal b £.9 8.910 Redundant electronics.
13k Backup 5 8.9 8.733 Converter 2 off
1345 Backup 5 8.9 8,699 Converter 1 Off
1345 Wormal L 8.9 8.910 Converter 2 off
1345 Normal b 8.9 8.909 Converter 1 OFfF
- . _ _ +/1 Stellar capping shutter
- 1361 Rormal - o o close
Emergency terrain shutter
1361 Hormal e 8.00k e apen/operate/cloae. Overlap
784
Imergency terrain shutter
1361 Normal v 2%.96 e open Gp@rate/close. Overlap
10%.
1458 o L L e Terrein thermal shutier
ENergency Oper.
Buergency open pulsing
A B T T T technique.
1507 Normal 11 e e Operation normal
Operation without thermsl
1572 Normal 11 e e shutter emergency open
reset.
89
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TABLE XIIT
EDAP CONVERTER SUMMARY

RACKUF MODE WORMAL MODE

Converter 1 Converter 2 Converter 1 Converter 2

Off, Secondary Off, Primary Off, Becondary Off, Primery
8171 5.0 5.8 5.0 5.8
8172 ~5.8 ~5.6 -8 ~h.7
S17h 1h.1 14.9 141 1h,9
8175 ~15.2 ~15.0 ~15.2 ~15.0
8176 k.o 5.1 5.1 5.3
o 8177 8 -l 7 4.5 Sb ke
8178 4.8 5.0 L8 5.0
g181 1h.3 1h.8 14,3 1h.9
5182 1h.b 1h.9 ek 14.9
5183 1.8 \ 5.0 4.8 5.0
184 ~15.7% -15.0 -15,1 ~15.0
5185 ~15.1 -15.0 -15.1 -15.0
8125 29.5 27.3 20,7 29,8
5126 27.5 27.5 27.5 7.5
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