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FOREWORD 

'l'his report describes the !;lolo te&ting 

as auth9rizeci by the "Solo Pl.an, t'or 
Flight Vehicle 8" and its supplements. 

It is is&ued in compliance with ODRL 

Sequence A001AW of Contrac~ I 
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1.0 INTROWCTION 

1.1 General 

SV-8 is the eighth in a series of vehicles launched for the HEXAGON 

Program. Its launch configuration consisted of a primary payload which 

included a camera system (ssc) with 4 recovery vehicles (WNC), a secondary 

payload which included a Terrain Camera plus two StellAr Cameras (NEC) with 

one Recovery Vehicle (OPC), and four Tertiary Payload.a which included the 

-Y Subsatellite (ssu), +Y Subsatellit 
~----------~ ~---~ 

and a Quantic Horizon Sensor and Star Tracker System (Quantic Experiment). 

The planned orbital activities .for SV-8 consisted of two phases. Phase 

I, the primary photographic mission, extended through :toy 106 -with success 

in all primary objectives. Phase II, 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 accQD.plished during .Phase I 

on a non-interference basis. 

1.2 SV-8 Flight Histo y 
Operations for the primary photographic mission and Solo testing were 

completed as follows: 

~ ~ Day 03.te 

Launch 1 10 April 1974 

+Y Subsatellite Separati.on 3 1 10 April 1974 

-Y Subsatellite Separation 13 1 10 April 1971~ 

RV 1 Recovery 228 15 24 April 1974 

RV 2 Recovery 681 43 22 May 1974 

RV 5 Recovery 973 60 9 June 1974 

RV 3 Recovery 1118 70 18 June 1974 

RV 4 Recovery 1701 106 24 July 1974 

Solo Start 1701 106 2h July 19'T4 

Solo Complete (Deboost) 1768 110 28 July 1974 
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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 could be conducted without 

impacting the primary mission. Full Solo testing started after RV 4 

recovery on Rev 1701. All activities were successfully completed, including 

deboost on Rev 1768. The chronology of Solo testing went as follows: 

~ Solo ID ~ 

C pletion of ST Mission/RV-5 Recove 

1004 - 1053 OPS-1 (n, o) DBS Redundant Oscillator and Heater 

RV-3 Recovery, Rev lll8 

1200 Q-lOA 

1200 

1200 

1327 
1344 - 1345 
1361 
1361 
1376 - 1378 

1458 
1466 
1470 
1473 - 1474 
1477 
1539 
1540 

1555 
1571 
1588 

1633 
1635 - 1637 

1669 - 1685 
1697 

EDAP-1 

THERM-1 

OPS-1 (c - g) 

ST-5 

ST-~ 

ST-2, ST-3 

Q-11 

s·r-1 
OPS-2 (a) 

Q-2 

Q-11 

ST-1 

TTC-3 
TTC-3 

Q-2 

TTC-3 

TTC-3 

Q.-16 
Q-ll 

OPS-1 (j) 

RX-1 

1 rev inertial hold. 

Solar Array Albedo-Inertial 

Sun Exposure 

Operation with Redundant Servo Electronics 

Operation with one Coverter off 

± Stellar Capping Shutter 

FA Open at 10% and 78% overlap. 

Pylon and SV Attitude Estimation 

Thermal Shutter Emergency Open 

Backup Timer 

H/S Pitch Bias Check 

Pylon and SV Attitude Estimation 

Thermal Shutter Emergency Open 

SGLS 2 

SGLS 2 

H/S Pitch Bias Check 

SGLS 2 

SGLS 2 

Pitch Maneuver Calibration 

Pylon and SV Atti. tude Esttmation 

Redundant TCEA 

Pan Camera Pneumatic - RV-4 ATC 
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RV-4 Recovery 

1704 
1704 
1705 - 1706 

1707 - 1718 
1710 

1714 - 1715 
1715 - 1717 
1718 

1720 - 1723 
1724 - 1726 
1729 - 1731 
1733 - 1735 
1731t - 1735 

1735 
1738 - 1739 

1738 - 1739 
1739 - 1741 
1742 - 1745 
1747 

1749 - 1750 
1751 - 1752 

1751 - 1752 

1753 - 1768 
1753 
1754 - 1755 
1756 - 1758 
1757 
1757 
1760 
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OPS-l(a) 

Q-11 
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ACS-1 

ACS-2 
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Pitch H/S Inhibit 

Pylon and fJV Attitude Estimation 
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Solar Array Output - End to Sun 
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Lifeboat Attitude Estimation 

Lifeboat Execute 

Fly Reverse (-30° Beta) 

PACS Thermal Cycle - Off 

SGLS 2 Performance 

Pylon and SV Attitude Eatimat:lon 

scn:..s 1 Fre~uency Measurement 

Solar Array Dyna.mies 

PACS Thermal Cycle - On 
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Rev Solo ID 

RV-4 Recovery - Rev 1701 

1762 - 1765 Q-18 

1765 

1768 

1768 

OAS-1 

- Start Solo (Continued) 

Best Bet Attitude 

Star Tracker 1 On 
Burn to Depletion 

Deboost 
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SOLO TESTS - SBAC 

ACS-1 1 Solar Array Dy CB 

Rationale 

The structural damping asaoctated with Solar Arrays extended is an 

important para.meter in defining control gas usage rates. Successful damping 

tests were made on SV-1, SV-4 and SV-7. A repeat of l;he test was to provide 

an additional sample of structural damping and frequency 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 vehi.cle in a positve 

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 seconds. Obtain tape recorder data for duration of test plus 300 second.s. 

Results 

A Solar Array Dynamic Test was run on Rev 1757,9 with M?V2 the controlling 

system. The maneuver durations and the coast dural.ion of the sequence were 

chosen so that the primary solar array bending mode of 0,1 Hz would be 

excited. After allowing 24.8 seconds for control stabiJi za.tion, the thruster 

power was removed and the vehicle was allowed to go without control for 1)0.? 

seconds. 

It was during the non-controlled portion of the experiment that the 

roll rate decay was observed and from which the damping was calculated. The 

sequence used in this test was as follows: 

Ccnma.nd S:z::stem Time Vehi.cle Time 

H/8 2 DISC 26794.s 11+3792.4 

FOO- 26794.9 143792.6 

FINE MOIE, GEO- 26795.1 143792.8 

GYR- 26795.3 143793.0 

ROLL NEG 26795.8 143793.4 

STOP ROLL 26800.8 143798.4 

ROLL POS 26810.8 143808.4 
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Command Srstem Time Vehicle Time 

STOP ROLL 26815.8 143813.4 
ACS2- 26840.5 143838.2 
ACS2 ENA 26840.9 143838.6 
IRA2 ACT 26841.1 1le3838.8 
ACS MST CLR 2- 26841.5 143839.2 
H/S 2 CONl'i 26841.9 143839.6 
COARSE MOIE, GEO+ 26988.8 143986.4 
FLY FWD, GYR+ 26939.8 143987.4 
FLY REV, GYR+ 26990.1 1439'.37.8 
ACS 2 1':X:1£CUTE 26990.8 143988.4 
FDU+ 27025.8 144023.4 
FINE MODE 2'Tl05.8 144103.4 

As shown in Figure 1, the average roll rate during the non-controlled 

portion of the experiment was +0.10 degrees/second. The roll H/S of ACS 2 

inhibited at 143840.8 seconds vehicle time, but was non-inhibited again at 
143898.8 seconds vehicle Lime. 

On the next rev {1Tj8.3), the vehicle was stabilized and was flying 

in Fine Mode (M2V2). The following conclusions were drawn from analysis 

of the data: 

(1) The cantilevered frequency of the array is 0.1 Hz, con:firming 

results obtained from SV-1, SV-4 and SV-7 tests. 

(2) The SV-8 roll response shows a beating phenomena which is 

indicative of nonsymmetries in the system. These nonsymmetries 

result in array modes in which the SV response is not simply 

in the pitch plane or about the roll axis ~but some combination 

of response in the pitch plane and about the roll axis. This 

coupled motion effect makes it more difficult to excite the array 

mode which has the dominant roll motion without also exciting the 

mode which has the dominant pitch componenL of the SV. 
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(3) Even with the slight beating phencmena, it iG possible to 

conclude that the dominant roll mode is damped slight,ly 

higher Lhan 3.0 percent critical. SV-7, which had a very 

clean roll response in the array test, also gave a damping 

value greater than 3,0 percent critical. 

2.2 A S-2 1 PACS Thermal Cycle 

Rationale 

Two anomalous conditions were noted in ACS performance during the 

primary mission. A noise problem was evident on the PACS Roll Channel Gyro, 

Serial Number 1021, and unexpected transients occurred on the PACS HSA, 

Serial Number 1007, The purpose of this Solo experiment was to determine if 

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

Procedure 

The experiment was conducted during Revs 1753 through 1768. PACS was 

deactivated on Rev 1753 and remained deactivated until Rev 1760. Arter turn 

on the PACS performance -was monitored periodically du1·i11g Leruper·al.u..n~ rh;e, 

Results 

Table I shows IRA and BSA temperatures when they were turned off on 

Rev 1753 and at the start of the thermal cycle on Rev 1760. Figure 2 is 

a plot of the PACS IRA Roll Gyro and IRA internal temperature monitors 

during warmup. Figure 3 is a plot of the FACS HSA head temperatures during 

wa.rmup. 

No anomalies in PACS performance were noted during this test. The 

previously observed IRA and BSA anomalies did not repeat leading to the 

conclusion that they were not temperature sensitive under the existing test 

c ondi ti ons . 

2,3 EDAP-1 thr g EDAl'-5 - Solar Arr y Albedo Tests 

Rationale 

Future EDA1' deslgns and c:ontingency planntng for theB(' designs 1·equire 

minimum solar array output data for Llfeboat Ba.ttel"y life Jlredictione with 

unstable vehicles. An important aspect of a potential minimum solar array 
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output is earth shine (albedo), The objectives of this series of tents 

were to determine power outputs with the arrays in various attitudes in 

relation to the sun and earth. 

Procedure 

EDAP-1: One rev of inertial fllght with plane of solar array fad ng 

away from sun (perpendicular to sun rays). 

EDAP-2: One rev of geocentric flight with plane of solar arrays racing 

toward the earth (perpendicular to albedo rays). 

EDAP-3: Three revs of tum1illng flight, ie, ACS/RCS disabled. NOTE: 

This test was cancelled. 

EDAP-I1 : Inertial 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 

rayi:l ( end facing sun), 

Results 

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 Figure 8 is a comparison of the 

four conditions on the same time scale and starting on the exit umbra f'or 

each rev. Table II surrrrnarizes the solar array power generation in amp-hours 

for the test cases, a calculated tumble-mode case and a nominal output 

for SV-8 mission beta angle, 

Solar Array Tumble Mode Calculation 

Solar array data from the four EDA.P tests provided power generation 

figures that could be integrated into values of power generation for all 

combinations of solar array positioning with respect to sun angle during 

the roll and pitch maneuvers encountered in the tumble mode. The roll rabc 

is the primary condition required to calculate a full cycle and four revs 

are required to complete 360° of roll which comprised one cycle. The calculated 
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SOLAR ARRAY OUTPUTS IN AMP-HOURS FOR EDAP TESTS 
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1 
Vehicle rolled 180° in flight inertial orbit. Solar 1.17 amp-hours per rev 
Array looking at earth albedo, 

2 
Vehicle rolled 180°. Geocentric orbit. Solar Array 1.76 amp-hours per rev 
facing local horizontal on the earth. 

• Vehicle tumble mode 1.46 amp-hours (calculated) _, 

Vehicle rolled 90v. Sun angle 26~. Inertial flight 
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Vehicle rolled 90v plus sun angle. Inertial b'Llgh1; 

✓ 
with Solar Array looking in-to space with edse 0,33 amp-hours per rev 
nointed toward sun. 

• ~i::;.~al output of Solar Array in normal vehicle orientation 5. 9'.) amp-hours i;er rev. 
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Figure 8 
CQ!lparison of EDAP Test Outputs on Same Time Scale and Seme Reference Point (Exit Umbra) 
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values for power generated during a tumble mode over four cooiplete revolutjons 

averaged 1.46 am -hours/rev. other combinations of pitch and roll rates 

eneration but 

eventUB.JJx at ain a c ich wouJ ,~ res 
rev approximately equal to these calculations. 

2.4 OAB-1 OAS Pr 

Rationale 

The :purpose of the OAS Solo experiment was to obtain data regarding 

the accuracy of OAS Tank propellant mass determinations. 'l'echniques currently 

used are (1) the integration of propellant flov rate through the Thrust 

Chamber Assembly ('!'CA) venturi, and (2) the calculation of OAS gas ullage 

volume growth. IAiring the course of the mission an ever increasing bias 

between these t-wo methods vas observed. 

Procedure 

The OAS propellant tank depletion point was determined by observing the 

loss of engine ('!CA) thrust tbrough propellant depletion. Ar l;e1· 

ccmpleting a 230.8 second d.eboost firing (OA !,5) on Rev 1768 and coasting 

for 11.6 minutes, a 270.0 second TCA firing was programmed to consume 

expected propellant residuals plus 50 pound.a. The TCA firing was scheduled 

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

~ 
s of teat data showed that the TCA venturi method of estimating 

anticipe.ted. Based on integration of TCA venturi flow rates and an estimate 

of RCS propellant consumption (from the OAS Tank) in the period between 

Revs 938 and 1083, the tank depletion point was expected to occur 185 

second.a into the tank depletion firing (OA. 46). The expected rapid drop 

in TCA chamber pressure and Catalyst Bed pressure actually occurred at 

approximately 195 seconds as shown in Figure 9 (with about 4 pounds of 

propellant remaining in the tank at this time). 

25 

SECRET / H 
________________ Approved for Release: 2025/06/18 C05137285 



C05137285 
Approved for Release: 2025/06/18 C05137285 

1 SECRET / H 

VIS<! - :i!.lIDSS!Il;k[ 

26 

SECRET / H 
App~oyed for Release: 2025/06/18 C05137285 -----------------



C05137285 
Approved for Release: 2025/06/18 C05137285 

SECRET / H 

Gas i.njection into the ene;ine began unexpectedly early at 165 seconds into 

the firing and continued throughout the depletion process. 

As stated above, determination of the propellant depletion time made 

possible an evaluation of the accuracy of both the venturi and gas law mass 

status techniques. The venturi method was shown to be very accurate, 

differing from the actual value by only 2,3 lbm-at deboost. However, the 

gas law method was shown to be in error by 143 lbm (versus ±100 lbm 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, pressure transducer shifts, and 

data processing. 

At present it can be concluded that the accuracy of the venturi mass 

status technique is within expected limits while the gas law technique is 

not as reliable and exhibits errors greater than expected from analysis. 

,,~~;p;i;ie ,, ~ :ii,e~~; .lll:e.th¢. ~;r:. 1;1e ,uSfld rat QliS, J)l"rrpe:l?e:nt mass 

ata.tus operationally to. tb.e gf'ee.,test extent poe:eible. 

TCA SUlllll.6.__IT. 

The engine performance was normal for both the active and Solo phases 

of the mission. The values for propellant thruput (3189 lbm) and total. 

impulse (745,000 lbf-sec) were the largest attained to date. 

2.5 RCS-1, RCS l Storage Effects 

Rationale 

The purpose of this test wast~ evaluate the effect of a long storage 

period on RCS 1 System. 

Procedure 

On Rev 1082 the Primary RCS System was turned off due to low thrust 

on REA's 1, 8 and 7 and reactivated during the Solo portion of the mission, 

Rev 1741. SV-7 had a similar set of conditions when the primary system was 

shut down on Rev 1446 and reactivated on Rev 1768. 
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Results 

A comparison chart, Table III, is presented for the two vehicles showing 

the normalized thrust just prior to shut down and the thrust shortly after 

the system was reac ti va t:.cd. ii~aaIJSE .~ •t ip ~~ ¢ase a.II,. ext~de9' 
J/stiw:-age peried has a.n adverse effect on a. thruster tbfl:t· we·· degrEtdecl a.it. fflll!!':.Ji 11 

;bas1nn1ng of tne stora~ period w:t.Ie the nominally perfomfog tb:rusten 

.remsined essentially the SR!lle. 

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

have occurred during the storage period such as: 

(1) Change in feed pressure 

(2) Physical change to injector and/or bed. 

(3) Altered chemical actjvity of the bed 

Based on the tabulated data two conclusions can be drawn: 

(1) If the REA thrust level is nominal prior to the storage perj 

it will perform nominally lifter the storage period. 

(2) If the thruster :performance level is degraded prior to the 

storage period it may reactivate at its former level but most 

likely will have suffered additional degradati.on up to 50'/, 

of the original level. 

2.6 THERM-1 Sun riment 

Rationale 

This ex:periment was designed 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 maneuvers and to develop operational constraints if test results 

warranted . 

NOTE: This experiment was not performed due to lack of Solo time and 

its relatively low priority rating, 
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TABLE III 

SV-7 AND SV-8 RCS THRUST LEVEI,S 

Rev THRUSTER 

1 ? 3 4 5 6 ·7 8 

SV-8 

l082 3.14 *5.02 1.62 *4.61 *5.06 *4.91 2.89 1.17 
1741 2.07 *4. 91 0.16 *4.58 *4.91 *4.69 1.42 o.87 

SV-7 

1411 4.oo *5.20 3.00 2.60 3.15 *5.32 3.20 

1768 2.05 1.89 

1801 *5,01 2.13 x-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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THERM-2 1 Simulate -30° 'Beta g e 

Rationale 

The purpose of this experiment was to assess the ability of the battery 

bays to maintain an operable environment at a -30° Beta angle; to assess 

Aft Section cont€Sllina.tion on +Y surfaces and, to demonstrate the symmetry in 

the Lhermal deslgn of :.he MLcl. !ind Forward Sections. 

Procedure 

Flying in a reverse attitude effectively puts the vehicle in a -30° 

Beta angle position. The fly reverse was performed on Rev 1753 and continued 

through a.e·ooost, Rev 1768 (15 revs). The effective resultant Beta angle was 

-28°. 

Resulto 

Aft Section 

This experiment confinned that with the exception of the battery bays, 

the nev Aft Section thennal design was capable or maintaining acceptable 

temperature environment for all bays. The thermal pert·orma.nce ot· the Aft 

Section in this attitud.e was compared to preflight predictions for Beta 

-30 degrees "With normal forward attitude. Equipnent Section door temperatures 

and Reaction Control Section (RCS) skin temperatures correlated well with 

preflight predictiom,. Tho aft bulkhead was 25 to 35 degrees above the 

predictions which may be attributed to aerodynamic heating on the bulkhe!:ld. 

In turn, the warmer bulkhead resulted in RCS plumbing and tank temperatures 

10 to 15 degrees above predicted values. Most Rqu:tpment Sect.ion boxes 

reached stable temperatures during this test and all equipment remained 

well 'Within limits throughout the experiment. Table IV compares cri.tLt•al 

equipnent temperatures with design limits. 

The battery bay door temperatures stabilized within the predicted 

range; however, 'i'ibel~t,.e.r,y,· ~l!l~ei!!== ~nt a'bcr,;,e· he~:r eon.troil 1imi ts e&rly; 

;n ... tbe test,. contimre!i to :r:1s:e; •i;ll ax· tile, C'llllt~~4.~ of' tfl:~ tetit aJ.l 

·-1,8,:i,tell'ies 'ill'l:lt"e 1n tlie· 48 to 59" region. Since battery heat dissipation 

inc·reaaes with temperature, it vas not possible to predict a stabilized range 

'11,-1../4 ~ - J)~ ...#~ 
Oi,,//4 - '/7' 30 
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TABLE IV 

AFT SECTION CRITICAL COMPONENT TEMPERATURES 

CRITICAL COMPONENT DESIGN LIMITS SV-8 ACTUALS 
(OF) (OF) 

PDJB -30/165 100/102 
CCC 2 -30/170 113/114 
Type 25 Batteries, Bay 3 35/70 52/54 
Ty:pe 30 Battery 30/90 53 
Type 31 Batteries 40/90 52/54 
Type 29 Batteries, Bay 4 35/70 48/50 
HSA Heads 0/130 82/87 

IRA 's 50/130 104/114 
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 -40/145 81/82 

ECS PMU B -40/145 89/90 
IRA Gyro 50/200 151/171 

MCS -40/149 61 

RCS Tanks 40/140 85/101 

Plumbing, Bay 6 35/11J.o 90/97 
Plumbing, Bay 12 35/140 ';JJ/107 
0A Tank 70/100 89/91 
PDA's -30/160 87/113 
Solar Arrays -125/225 -65/145 
Quad Valve 40/200 p,2/ri4 
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for the be.tteries. A longer "fly reverse" experiment, perhaps of 5 days 

duration, would be needed to define battery thermal performance. 

Mid-Forward Section, APSA 

In the Mid Section, Forward Section, and APSA the thermal designs 

are symmetrical, and therefore 1 t could be expected that given enough time 

to achieve equilibrium, the fly reverse experiment would cause temperatures 

to reverse. During THERM-2 recorded temperature data -was obtained after 

nine revs of reverse flight and again after fourteen revs, and the indications 

were that equilibrium had been reached. 

It waa :found th!:it in lill cases the symmetrical design resulted in 

temperatures as predicted and that temperatures were reversed as expected. 

In the case of the Forward Section and 1':PSA, there was a small overall decrease 

in temperature which js believed to be due to the absence of free molecular 

heating. This temperature decrease amounted to about 3°F in the For-wi1rd 

Section Bay 4 and about 6°F in TENC' the average At'SA structure tempera l~ure. 

It is believed that the change in APSA temperature would be lens with the 

Recovery Vehicle still aboard. 

2.8 TT & C-1 1 SGLS l Non-Coherent Frequency Measurement 

Rationale 

The General Dyna.mies Electronics Transponder used in the SGIB l 

position had exhibited a drift trend in its crystal controlled non-coherent 

frequency during vehicle ground testing. The drift trend was beHeved to 

be caused by aging of the crystal. If the trend continued at its existing 

drift rate, it was predicted that the non-coherent frequency would be 

outside the specification limits of ±68 KHz of nominal center frequency 

(2277.5 MHz) before the end of Lhe SV-8 mission. Becuuoe of RTS ca11ab:ili ty, 

however, this condition would not present an OJ1erational problem. 

The transponder worked well throughout the active mission and. it was 

desirable to determine to what extent the drift trend had continued 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 Gook at acquisition, mid 

pass, and :fade. The ai::tual measurements made gave the :following frequencies: 

Acquisition: 

Mid Pass: 

Fade: 

2277.50 MHz 
2277.46 MHz 

2277.40 MHz 

The last recorded ground test reading of the non-coherent frequency, 

taken about 6 days before launch was -57,4 Kz from nominal (an average of 

two readings). The flight data at mjd pass therefore indicates that the 

t'requency drift did not degrade during the mission, within the resolution 

of the RTS frequency measurement capability. 

2.9 TT & C-2 1 PCM Remote Unit 4A Diagnostic Test 

Rationale 

During the mission PCM Remote Unit 4A failed to re~ly to a Master Unit 

data request commencing at the start of a record sequence on Rev 1023. 

Subsequent testing and analysis narrowed the failure mode to approximately 

9 modules within the Remote Unit. The purpose of this teRt was to operate 

RU 4A with PCM Master Unit 2, This configuration uses a different Remote 

Unit party line interface than the normal PCM MU 1/RU 4A interface and could 

have narrowed the failure mode down to two RU modules if the test were 

successful. 

Procedure 

The special diagnostic test was conducted on Rev 1710 operating 

RU 4 with PCM MU 2. 

Results 

The RU 4A still failed to reply to Master Unit 2 data requests, and 

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

2,10 OPS-1, Redundant Systems Performance 

Rationale 

OPS-1 consisted of a total of 12 tests (a) through (1) with the 

object of evaluating redundant systems performance. A brief' description 
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of each test and a brief summary of results are presented here. 

OPS-l(a) - SGLS 2 

Results: SGLS 2 output power dropped. 20 dB during the primary 

mi ssi.on - probably caused by a loss of pressure in the RF cavity output 

If SGLS 2 had been required to support operations, data reception mi 

been adversely affected with RTS having only t;he 14 .foot antenna. 

OPS-l(b) - MCS, PCM 2B, TPS2, APS2, FPS2 '?' 
Results: MCS functional health was verified ·in SegmenL One and again 

on Rev 1765 POGO. PCM 2B, TPS2, APS2, and FPS2 activations were also 

successfully demonstrated on 1765 POGO. 

OPS-l(c) - A:ft Switched Bus to Lifeboat Battery 

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

OPS-l(d) - Backup Timer 

Results: The Backup Timer Test was performed on Rev 1466 HULA with a 

successful time out that was in agreement with the R-1 day time out. 

OPS-l(e) - Lifeboat Execute 

Results: This test was part of Q-21 and was successful. 

OPS-l(f', g, h, i) - Verification of Redundant Heaters 

Results: On Revs 1734 and 1735 the operational status of the OAS 

and RCS Redundant Heaters was verified. 

OPS-1 (j) - Redundant TCEA Test 

Results: The Redundant 'l'CEA was activated on Rev 1669P and operated 

for 16 revs. Performance was nominal. 

OPS-1 (k, 1) - DBS Redundant Heaters and Oscillator 

Results: DBS Redundant Systems operated successfully on Revs 1004 

through 1053. 

OPS-1 (m) - sec 2 Health Test 

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

primary mission and was successful. 
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Rationale 

Assess the ability of the SBA station keeping subsystems to sustain 

undcgradcd vehicle performance for extended missions, 

Procedure 

Use primary and redundant systems as necessaL'Y Lo support primary 

mission requirements for as long as possible i.ncluding the flo]o Phase. 

Results 

The primary mission terminated with recovery of RV 4 on Day 106 and 

the flight terminated vi.th deboost on Day 110 due to -propellant depletion. 

M\'!8-J. roll srro rs,;t~ output became noisy on :Rev 1479,:L Al thoup;h 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). 1,M',tJ-J._ l{Qri:,J,on Sensor l)il.:teh a.nd roll. output showed 

deviations fr(m normal starting on Rev 1586. These deviations continued 

intennittently at random durin~ the remainder of the mission (ACS-1 not 

controlling). BCS-1 was UBed from lift.off' until Rev 1083 (Day 67). At 

that time RCS-1 capability had become marginal and control was transferred 

to RCS-2 for the remainder of flight, except for specific RCS Solo Tests. 

The orbit was maintained with orbit adjusts at 3-day intervals 

throughout the mission. 

Electrical power was available f'or all progranmed mission activity. 

No power usage constraints were required in support of primary and secondary 

payloads however, 'a. Quall.tic pawr limitati.on was imposed in Segment One as 

a precaution against excessive battery depletion. 

TT&: C subsystem evidenced two anomalous conditions neither o:f which 

had an adverse effect on mission objectives. 0n Rev 1023 PCM Remote Unit 4A 

failed-but operations were successfully continued by switching to Remote 

Unit 4B. A SBLS- 2 Heal:th Test on Reir 142.6 Ifula showed the tranam.i tter power 

qutput to have decreased by 20 dB,·-probably ca.used by a loss of pressure in the 

RF cavity output stage with resultant corona. Subsequent testing indi.ca.ted 

that receipt of' data. might possibly have been adversely affected with RTS 

having only the 14 foot antenna, 

35 

SECRET / H 
_________________ Approved for Release: 2025/06/18 C05137285 



C05137285 

2.12 

Approved for Release: 2025/06/18 C05137285 
i 

; SECRET / H 

eriment 

BIF003W/2-091480-74 

For convenient reference acronyms used in thio section that arc 

peculiar to the Q;uantic Experiment are listed. 

CEU 

I:G MAP 

HSS 

JfI' 

LB II 

PDWN 

OA+ 

OA-

Q 

Ql 

RV 

STS 

ST 

Central Electronics Unit 

Predicted Magnetic Map 

Horizon Sel18or System - Either Barnes or Quantic 

Horizon Tracker - Individual Sensing Head 

Lifeboat 

STC Mode Pitch Down Indicator 

Positive Orbit Adjust 

Negative Orbit Adjust 

Quantic 

Quantic Industries - Contractor for the B3S and STS 

Recovery Vehicle 

Star Tracker System 

Star Tracker - Individual Sensing Head 

Introduction 

The Quantk Industries (QI) experiment consisted of a complete Star 

Tracking System (STS) and Horizon Sensor System (HSS) and was flown in a 

piggy-back non-controlling config~ation on SV-8. The :Integration of the 

experiment equiJJIIlent with the SV, the pre-flight testing, the operational 

support required and finally, the in-flight and post flight data reduction 

and analysis effort all represents substantial cunmitment on tbe pa.rt of 

many organizations. __ A camprehansive and detailed repo;rt of t,hese activities 

ia beyond the scope of this doe\UD.ellt and will be reported on se:pa.ra.tely at_ 

a.. later date=. 

However, since Quantic testing represented the major portion of Solo 

testing on SV-8, very brief summaries of the 25 sub-experiments are listed 

here to provide a complete record of the Solo Phase. In some instances 

(QlO, Q19, Q,21 and Q24) the resultant test data has been expanded becauoe 

it iB available. 
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Exp riment Description 

The experiment consisted of both a Quantic Industries Horizon 

Sensing and Star Tracking Subsystems. The Horizon Sensing System 

consisted ol' four independent Horizon Trackers (H/T) and a Central 

Electronics Unit (CEU) whlch processed the H/T angle outputs to form pitch 

and roll attitude estimates. The Hodzon Sensor CEU also performed the 

telemetry subcommutation and power supply functions. Two independent Star 

Trackers and an additional CEU formed the Star Tracking System. 

Because of the selected geometry for mounting the experlment trackers 

to the vehicle, it was not possible to mount all trackers on the same 

integral structure. As a result, the configuration shown in Figure 10 was 

flown. Both Star Trackers and three Horizon Trackers were mounted on a 

large pylon located e.t Bay 8 on the a.ft bulkhead of the Aft Section. One 

H/T, which looked forward and do'WU was located on the aft bulkhead of 

the Mt Section at Bay 5, Since pitch and roll attitude could be 

extracted from any three of the four H'l's as well as the two (both required) 

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

the QI attitude sensing system -with the Barnes H/S System. 

l~ 

:!2!!k Eu ~ 

April 12 29 Q-1 

April 15 81.9 Q-1 (ST) 

April 16 94 Q-9 (OA+) 

April 16 95 Q-8 (Yaw Reverse) 

April 16 96 Q-9 (OA-) 

April 16 96 Q-8 (Yaw Forward) 

April 17 113 Q Calibrate 

April 17 11~ Q-13 
April 17 114 Q-13 ST+ 

April 17 115 Q-13 

April 17 115 Q Calibrate 
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Date Rev Test 

April 18 130 Q Calibrate 

April 18 131 Q-13 

April 18 132 Q-13 

April 18 135 Q-11 

April 19 143 Q-9 (OA+) 

April 19 146 Q-3 

April 19 150.3 H/T-
April 20 162.8 Q-3 

April 21 178.8 Q-3 

April 22 192 Q-9 (OA+) 

April 22 195.0 Q-3 

April 22 195.3 Q H/T+ 

April 24 228 Q-7 
-- April 25 240 Q-9 (OA+) 

April 25 241 Q-8 (Ye.w Reverse) 

April 25 242 Q-9 (OA-) 

April 25 242 Q-8 (Yaw Forward) 

April 26 26o Q-4A 

April 26 261 Q-4B 

April 27 271 Q-5A 

April 27 272 Q-5B 

April 28 289 Q-9 (GA+) 

April 28 292 Q-13 

April 29 308 - 310 Q.-11 

May l 337 Q-9 
May 3 375.8 Q-4A 

May 3 376.8 Q-4B 

May 4 326.6 Q-9 {OA+) 

May 4 387 Q-8 (Yaw Reverse) 

May 4 388 Q-9 (OA-) 

-- May 4 388 Q-8 (Yaw Forward) 
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Date Rev Test 

May 5 406/7 Q-13 
May 7 434 Q-9 (OA+) 
Ma.y 8 453 ST 1 Failure 

May 8 455 Q Power Do,m 

May 8 465 Q. Power Up 

May 10 483.2 Q-9 (OA+) 
May 11 489.7 Q-4 
1-tiyll 49),7 Q-4 
May 12 518 Q-13 
May 12 519 Q-13 
Ma.y 13 532 Q-9 (0A+) 

May 13 533 Q-8 Yaw Reverse) 

May 13 Q-9 (OA-) 
May 13 Q-8 (Yaw Forward) 

May 15 580.4 Q-9 (OA+) 
May 17 6o2.8 Q-4 

May 17 6o3.8 Q-4 
May 19 615/17 Q-13 
May 19 629.4 Q-9 (0A+) 
May 22 681 Q-7 
May 23 683 Q-9 (OA+) 
May 24 714 Q-4A 

Ma.y 24 716 Q-4B 
May 25 726.6 Q-9 (OA+) 
May 25 Q-8 (Yaw Reverse) 

May 25 Q-9/Q-8 (Forward) 
May 26 741/2 Q-13 

May 28 774.2 Q-9 (OA+) 

May 30 811.8 Q-4A 
May 30 813.7 Q-4B 

-· May 31 823.4 Q-9 (OA+) 
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Ie.te Rev Test 

June 3 871 Q-9 (OA+) 

June 3 887/88 Q.-13 

June 5 920 Q.-9 (OA+) 

June 5 921 Q-8 (Yaw Reverse) 

June 5 922 Q-9 (Forward) 

June 9 965 FA Cal 

June 9 972 Q-8 (Yaw Reverse) 

June 9 973 Q-7 

June 9 973 Q-8 (Forward) 

June 10 975 Q-9 (OA+) 

June 10 cj3h/cj35 Q-13 

June 12 1017 Q-9 {OA+) 

June 12 1021/1022 Q-11 

- June 15 1066 Q.-9 (OA+) 

June 16 1082 Q.-8 (Mini) 

June 16 1084 Q-7 (Pitch Down Test) 

June 17 1093 Q-Cal 

June 17 1099 Q-7, Q-8 

June 17 1099 All Off 

June 18 1108 Q-ON 

June 18 1118 Q-7 (Man) 

June 18 1120 Q-9 (OA+) 

June 19 1130 Q-7/Q-8 

June 19 1130 All Oft' 

June 19 1139 Q-ON 

June 21 1162/1164 Q-9 (OA-) 

June 21 1166/u67 Q-4 

June 22 1178/1179 Q-13 

June 23 1199/1200 Q-10 

June 23 Q-Off 
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Date Rev Teet 

June 24 12ll Q-On, Q-9 (OA+) 

June 24 1218 Q-7, Q-8 

June 24 1218 Q-Of':f' 

June 25 1227 Q-On 

June 26 1248 Q-20A 

June 26 1260 Q-9 (OA+) 

June 27 1264 Q-4 

June 28 1283 Q-9 (OA+) 

June 28 1283 Q-20A 

June 29 1295 Q-20A 

June 30 1314 Q-9 (OA+) 
July l 1329 Q-20A 

JUly 3 1357 Q-9 (OA+) 

--- July 3 1362 Q-20A 

July 4 1376/1377 Q-11 

July 5 1392/1394 Q-4 

July 6 1406/1408 Q-9 (OA-) 
July 6 1409 Q-20A 

July 7 1420/1421 Q-13 

July 7 1425 Q-20A 

July 9 1457/1459 Q-4 

July 10 1470 Q-2 

July 10 1473/1474 Q-11 

July 11 149() Q-20A 

July 12 1501 M1V2/M2V2 

July 12 l.502 Q-9 (OA+) 

July 15 1551 Q-9 (OA+) 

July 15 1555.1 Q-2 

July 18 16oo Q-9 (OA+) 
July 19 1616 Q-9 {OA+) 
July 19 1619/1621 Q-4 
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!Bte Rev Test 
July 20 1632 Q-16 

July 20 1635/1637 Q-11 

July 21 1669/1670 Q-13 

July 22 1701 Q-7 

July 24 1704 Q-9 (OA+) 

July 24 1704 Q-22 

July 25 1705 Q-16 

July 25 1707 Q-13(F) 

July 25 1714 Q-17 

July 25 1715 Q-13 (A) 

July 25 1715 Q-ll(A) 

July 25 1716 Q-13(A) 

July 25 1718 Q-20B 

July 26 1720/1723 Q-lOB 

July 26 1723/1735 Q-24 

July 26 1738/1739 Q-17A 

July 27 1747 Q-23 

July 27 1750 Q.-25 

July 27 1751 Q-21 

July 27 1753/1760 ACS-2 

July 27 1753 Q.-8 

July 28 1753 Q-8 

July 28 1756/ Q-11 

July 28 1757 ACS-1 

July 28 1763/1765 Q-18 

July 28 1765 ST A+ 
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~ 
The primary objectives of the experiment are lioted below: 

1. Construct an experiment to approach a true flight configuration 

for both horizon sensing and star sensing attitude measurement 

systems. 

2. Use the combination of experiment sensors to dete.nnine accuracy 

of the Quantic horizon sensing and star tracking systems l:iS 

well as the Barnes horizon sensing systems. 

3. Test the equipment in flight to ascertain if critical 

specifications are being met. 

4. Provide the interfacing experience for the Quantic Horizon Sensor. 

5. Perform a meaningful experiment to gather information about the 

effect of horizon radiance noise on both the Quantic and Barnes 

Horizon Sensors. 

In addition the following secondary objectives were persued: 

1. Provide the data by which present (or future) attitude 

estimation schemes can be judged. 

2. Provide flight experience in gathering data f'or ground processed 

attitude estimation. 

3. Provide an accurate test of gyro drift on pitch and roll axes. 

4. Provide an accurate test of maneuvering on pitch and roll axes. 

5. Provide flight test infol"!llatjon on R/S inhibit attitudes. 

6. Evaluate s/T performance in daylight. 

Q-1 ntic Evaluation Health Test 

Objective 

An initial status check on the star sensing and horizon sensing 

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

the on-board sensors with respect to the others. 

ults 
nti s experiment was performe(l on Rev ;!() and aga l.n on H,~vn B1/~t.'. The 

folJJowing information was obtained: 
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• Star Tracker sensitivity was higher than anticjpated 

(visual magnitude 5 rather than visual magnitude 3). 

• An offset shift was observed between the small pylon HT 

bead and the three large pylon HT heads. 

• QI equipnent 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 40°F below predicted values. These 

temperatures were within apectfication limits and there 

'WBS no indication that system performance wai:; affected. 

Q-2 Pitch (Alpha) Bia Check 

~ 
To check successful application and removal of the pitch bias. 

Results 

This experiment conducted on Revs 1470 and 1555. The application and 

removal of the pitch bias to the pitch analog channel was successful. Also 

the "fast lock-on" capability (2°/second) of the individual horizon tracker 

was verified. 

S-3 Star Catalog Check 

~ 
Perform an update of the flight i:;tar catalog to be used for downstl·eam 

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

as a function of silicon magnitudes will be checked. 

Results 

Conducted daily early in the mission and t"Wice daily in the latter part 

of the mission. The observation resulted in identtfying (to date) approximately 

150 stars some of which had visual magni tud.es as dim as magnitude 5. Based 

on these findings it has been estimated that the flight star tracker 

sensitivity would result in a catalog of about 1500 stars for this specific 
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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 Calibration Check/Star Catal g 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 continuj_ng check on star availabiHty for 

downstream experiment planning will be derived from this data. 

Results 

This sub-experiment was conducted at approximately weekly intervals. 

Data indicated that drift characteristics of the horizon trackers were 

sufficiently small tha~ calibrations would not be re~uired at weekly intervals. 

In fact, no drift was observed when calibrations were scheduled at two week 

intervals, 

- Sun Signature (Nose Forwa.r /Nose Mt) 

Objective 

Assess sun interference problems associated with the QI Star Trackers 

operating in the daylight portion of the rev. 

Results 

Early data indicated unsatisfactory performance by the star trackers 

in the daylight portion of the rev. This had been predicted because no 

sunshades had been included in the protective covering design. Limited 

performance was obtained for the t'irst few hundred seconds of orbital sunrise. 

This could possibly be explained by aft bulkhead shading when vehicle is in 

the nose forward attitude. 

Q-6 Heal.th Checks 

~ 
Analyze flight behavior of the experiment on a continujng basis 

throughout the mission. 
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Results 

Status data were collected on each l'CV. Health checks were a valuable 

source ot' eXJleriment status, eg: 

t Equipment temperatures were found to be substantially lower than 

predicted throughout. the flight. 

• Drif't calibration sequences were modified due to horizon tracker 

hangup that was observed iuring a health check. 

• Star Tracker 1 :failure -was observed on a health check on Rev 454. 

Q-7 Pitch Maneuvers 

Ob,jective 

Determine c.!haracteriatica of Quantic H/S when operatine; at a pitch 

offset. During large pitch maneuvers, the QI H/S will inhibit. The 

characteristics o:f the inhibit will be obtained for future analysis related 

to the geometry of inhibit condillons. The capability of the Horizon 

Trackers to track the horizon at significant pitch rates and abnormal pitch 

angles will also be checked. If ctars are available during the m!ineuvers 

a chec.!k on maneuver accuracy and maneuver measurement accuracy (via 

pitch dmm) may also be checked.. Data recorded. during the hold period 

follom.ng pitch down -will :provide an estimate of' roll gyro drift if stars 

are available in both star trackers. Also a check on the accuracy of the 

programned geocentric pitch rate (and/or a pitch gyro drift estimate) can 

be made. 

Results 

The Q-7 e:x:periment was designed to obtain QI data during normal mission 

operations and, because special maneuvers were not allowed, all of the Q-7's 

performed prior to ST 1 failure were carried out in the daylight where ST 

data was meaningless. As a consequence there vas no ST information to 

accurately check maneuver capability. 

Horizon Tracker data indicated that they were capable of track:l.ng the 

horizon throughout the maneuver range (approximately 21° in pitch for th:ts 

experi.ment geometry). Conditions f'o:::· Lhe H/S inhibit mode have not as yet 
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been determined from the data. Further pitch maneuver information is 

contained in Q-16. 

Q-8 Yaw Maneuvers 

Ob,jective 

Performance of the QI H/S while the vehicle is undergoing nominal yaw 

rates will be observed. If the maneuver is pert'orme!l in the shade, more 

information can be obtained about potential stars wj 1;hin the s0.nsi.ti vi t,y 

of the QI Star Tracker. 

Results 

Q-8 experiments were performed prior to and following every negative 

OA burn. It was established that t,he H/S eystem maintained normal tracking 

throughout the 180° maneuvers. Also its performance was not adversely affected 

by RCS thruster activity. 

During yaw maneuvers pitch and .r·ull excursions are significantly larger 

than during norma.l operation. Therefore this experiment provided an 

opportunity to compare QI and Barnes H/S over the greater dynami.c range. 

Preliminary analysis shows good correlation between the two tracking systems. 

In particular, Figures :J-1, 12 and 13 illuetrate good agreement of 

the attitude sensors during 180° yaw arounds occurring at various times 

of flight (Revs 95, 242, 14aJ ). The plots of roll and pitch attitude as 

dervicd from the Quantic H/S on Figure 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 which 

also demonstrates very good agreement. Note that the Barnes (fine) 

telemetry saturates at one degree. 

Q-9 0A Environment Te t 

Ob.jective 

Examine the operation of' the QI experiments while in the envirotlDlent 

of the orbit ad,just. Specifically, observe if the QI H/S maintains track 

and if the Star Trackers can lock on to a star. 
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Results 

A Q-9 experiment was conducted for all but one of' the OA firings. 

Preliminary analysis shows no degradation in Horizon Sensor perfonnance 

during an orbit ad,Just. Star Tracker lock-on capability during OA firings 

has not been evaluated as yet. 

Q- 0 Pitch/Roll yo Drift Ca.libr 

Rationale 
Determine (!;fro drift with Ql H/S information and compare with present 

method of using Barnes H/S data. 

Procedure 

With the Quant:ic experiment on, fly inert:ially. The non-controlling 

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

Results 

The gyro drift calibration was accomplished dill'ing Revs 1199 and 

1200 with controlling system Ml.Vl and again during Revs 1720 through 1723 

with controlling system M2V2. 

Revs 1199 through 1200 'Will be designated experiment Q-lOA, Revs 

1'720 through 1723 will be designated experiment Q-IOB. 

The following sequences were used: 

~ 

1199.9 

1200.9 

Command 

GYRl- 2-

Fine Mode, Geol- 2-

H/S l DISC 

H/S 2 DISC 

ACS MSTCLRl-

ACS MSTCLR2-

GYR1+ 2+ 

Coarse Mode, GEOl+ GE02+ 

H/S 1 CONN 

H/S 2 CONN 
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Command 

GYRl- 2-

Fine Mode, GEOl- 2-

H/S 1 DISC 

H/S 2 DISC 

ACS MSTCLRl-

ACS M3'.It:LR2-

G'YR1+ 2+ 

Coarse Mode, GEOl+ 2+ 

H/S 1 CONN 

H/S 2 CONN 

Fine Mode 

BIF003W/2-091480-74 

ehicle Time (seconds) 

781325.2 
781325.6 
781326.0 
781326.2 
797459.2 
797459.4 
797459.6 
797459.8 
797460.0 
797460.2 
797619.2 

Table T shows the Barnes Horizon Sensor data that are normally used 

to calculate gyro drift. The times were chosen at the same latitude for 

each individual experiment. Table VI shows the Quantic Horizon Sensor 

data. Table VII J_Jresents the gyro drifts which were calculated acconlin~ 

to the following equation: 

G Dr ·~t = +~ IN'IBGRA~ -6 H/S 
yro J..i. 6 TIME 

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

Q.-11 Prime Pylon and SV Attitude Estimation 

Objective 

Provide a best estimate of pylon and Satellite Vehicle (SV) attitude. 

The best estimate of pylon attitude will be used to calculate the expected 

individual horizon tracker angles for an oblate earth so that radiance 

effects can be inferred. 

Results 
This me.jor data gathering experiment was performed at (as planned) 

various sun :Beta angles (13 ~ 2°, 13°, 19°, 22°, 26" and 28") to provl.de 

indications of thermal distortion impact on experiment accuracy. 
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TABLE VII 
QI/BARNES GYRO IBIFT CCMP.ARIBON 
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Unfortunately the fail~re of ST 1 on Rev 454 impai~ed the accuracy with which 

the Horizon Tracker perf'ormace can be evaluated. Preliminary data evaluation 

for the Q-11 (Rev 308/309) jndicates good agreement between attitude est.imates 

derived from Barnes and QI Horizon Sensors around a full rev. It also 

indicates very good agreement between attitude estimates derived from the 

QI H/S and the QI Star Trackers (during the shadow). Correlation of Barnes 

and QI performance data taken from several Q-11 experiments throughout the 

flight show that there may be a s~n Beta angle effect (thermal distortion 

ARM-to-pylon) on the accuracy comparison between H/S systems. This can be 

seen in Figures 14 and 15 which are plots of pitch and roll attitude for a 

full orbit on Revs 308 (e = 2°) and 1637 (~ 26°). In order to indtcate the 

comparison in more detail, the difference (QI-Barnes) between the corresponding 

attitude estimates are plotted in Fi gi~rea 16 and 17. It is apparent that the 

mean of the difference has shifted about 0.05 degrees. 

Q-12 Second.a ,'f SV and Pylon Attitude Estimation 

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

-1 Low Fre uenc Horizon Radiance 

Objective 

After removal of fixed relative biases between the Barnes H/S pitch/ 

roll estimates and the ierived Q;uantic n/s pitch/roll estimates, a comparison 

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

Results 

Several of these experiments -were performed during the primary mission 

for abbreviated periods (2 revs). During solo a six rev nose forward test 

we.a done successfully. However, the nose aft test data was impaired because 

one Qua.ntic Horizon Tracker was hung up on its upper limit due to a previous 

maneuvering test. 

The data gathered during this experiment may not necessarily be analyzed 

at present but is available for investigations into low frequency radiance 

effects. 
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q-14 Rate Integration Check 

Ob,jective 

BIFOOJW/2-091480-71~ 

Compare integration of gyro rates with the control system integrators 

versus the ground inteeretions. 

Results 

This experimen-:; wa.s done in conjunction with Q-10. The data is to be 

used as a validation of the Phase II (final phase of data reduction) data 

processing filter. This work has not been ccmpleted as yet. 

Q-15 Relative Star Tracker to Star Tracker Bias 

This experiment ..as cancelled due to the failure of ST l on Rev 454. 

Q-16A Pitch Maneuver Calibration 

Ob,jective 

To calibrate STC mode pitch maneuver indicator (PDWN), and the Quantic 

BS large angle (pitch) accuracy as well as the vehicle pitch maneuver 

accuracy. 

Results 

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

sequence: 

CCMMAND SYSTil-4 TIME (SEC) VEIIICLE TIME (SEC~ 

H/S 2 DISC 53579.1 318237.6 

GYR2- 53579.5 318238.0 

PITCH NEGATIVE 53579.9 318238.4 

STOP MANEUVER 53609.5 318268.0 

The pitch attitude was 0,0 degree at vehicle time 318238.4 seconds. 

Therefore, Q = +~QINTEGRATOR +ltRI -0.068667 ~ + -0,705191 X 29.6. 

Pitch gyro drift is negligible within a span of 150 seconds, 

PDWN, the Quantic H/S pitch attitude and the calculated Q, 

the pitch attitudes. 
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TABLE IX 

PITCH ATTITUDE COMPARISON 

Vehicle Time Calculated* PDWN Quantic H/S 
(sec) (deg) (deg) (deg) 

3l8288.6 -2l.0 -20.3 -2l.2 

3l8338.6 -21.0 -20.3 -2l.2 

318388.6 -21.0 -20.I{ -21.3 

*Note that this calculated pitch angle is an after the fact calculation and 
contains information that is normally not known prior to commanding the 
maneuver, In cular, the change in the pitch integrator state 
(AG integrator not be known apriori. However, the relative change in 
orbit frame position (actual-programmed) could be accounted for by use of 
predicted ephemeris. 
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I 

Results 

Originally, calibration of vehicle pitch maneuvers was to be done 

using the STS. Due to the failure of ST 1 prior to conducting this 

experiment, the calibration technique had to be modified but preliminary 

data evaluation based on ST 2 proved to be a reasonable vedfication of 

pitch maneuver accuracy. AB shown in Table IX a pitch maneuver of -21.0° 

was progralll!lled (calculated). Three independent measurements (PDWN, QI HS, 

and QI ST 2) were made with respective values of -20.3, -21.2 and -20.95 

degrees. These valueR indicate that vehicle capability for pitch maneuver 

accuracy is at least an order of magnitude better than specification 

reg_uir!::!ments. 

These measurements also show that PD~N presents a fairly accurate 

indication of maneuver perfonnance proYided that no telemetry daLa drop outs 

occur during the maneuver. 

The QI HS large angle measuring capability was of specific interest 

since it was to be used in a later experiment (Q-21). As the data in 

Figure 18 indicates the HS as conf'i.gured for this experiment had a dynamic 

range capability aliehtly beyond 21° with good accuracy over the range, 

Ob.jective 

To determine the accuracy with which inertial roll maneuvers may 

be performed. 

Results 

Some data analysis remains to be done on this experiment but 

preliminary indications are that vehicle performance in roll maneuver 

accuracy is as good as pitch maneuver accuracy (Q-lGA), Preliminary numbers 

are as follows: 

Programmed 

Q-S/T 

+ ROLL 

+9.8n 
+9.810 
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Ob,jecti ves 

SECRET / H BIF003w/2-091480-7li 

The primary obj ceti ve ot' this experiment was to establish the roll 

angle inhibit point for QI HSS. A secondary objective was to determine 

relative alignment bet-ween the ARM and main pylon roll planes. A tertiary 

objective was to obtain information about horizon radiance profile if 

possible. 

Results 

This test was carried out by continuouslY rolling the vehicle f'or 

one rev (Rev l'(38) while continuously operating tape recorders. The data 

has not been analyzed as yet. 

Q,-17B Pitch HS Inhibit 

Ob,jecti ves 

~Phe primary objective o:t' this experiment was iD establish the pitch 

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

relative aligrunent between the ARM and main pylon pitch planes. 

Results 

This test .ms carried out by continuously pitching the vehicle 

through 635.4 degrees on Ilev 1714. This maneuver was followed by a 180 degree 

roll maneuver which left the vehicle in a nose aft local horizontal position 

for tests which followed (Q-11, Q-13). Coming out of this large angle maneuver, 

one of the HT I s on the main pylon was hung up in its upper limit. This 

condition had an impact on the subsequent tests which followed (Q-11, 

Q-13) before an HT search command could be sent to release it. The 

detailed data analysis relative to HB pitch inhibit angles and pitch 

plane alignments has not yet been ccmpleted. 

Q-18 Best Bet Attitude 

Objecti 

To evaluate attitude comparison data between Barnes HS, Q,I HB and QI ST 
Systems for several consecutive revs. 

Results 

The data from this experiment has not been analyzed as yet. 
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Q-19 Mag tometer Ca brat on 

Ob,jective 

BIF003W/2-091480-74 

Compare attitude estimates from the LB II magnetometers with 

attitude measurements of the QI experiment. 

Results 

Figure 19 compares magnetometer outputs With lXlMAP theoretical 

magnetometer outputs at various latitudes around the orbit. The number of 

data paints for P and R sensors is limited due to ~elemetry saturation. 

The data shows that although the magnetometer has some errors 

introduced by induced magnetism it is well within the allocated error for 

distortion. 

For correlation of magnetometer data with QI and Barnes data refer 

to Experiment Q-21. 

Q-20A Sun pi gement - ST 2 

Ob,1ective 

To determine if ST design was adequate to withstand full sun in the 

field of view. 

Results 

Due to relative sun vector motion (non-sun synchronous) on SV-8 the 

sun passed through ST 2 FOV on every rev from about 26 June through deboost. 

No deleterious effects were noted. Detailed data was collected and analyzed 

for several different revs where impingement could have occurred. In every 

instance the ST mirror appeared to track a sun glint which prevented full sun 

impingement on the ST detector. Thus the solar protection feature of the S'I' 

was not tested and cannot be evaluated. 

Q-20B Sun Im:pi g ment - HS 2 (Small Pylon) 

Objective 

The QI HS design includes a sun sensin~ element and associated 

circuitry which depresses the sensor away fran the sun and toward the 

earth when the sun approaches the FOV. This feature protects the 

radiance detector from possible damage due to direct sun 
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impingement. This experiment was performed to demonstrate the operation of 

the sun sensor. 

Results 

This experiment ws carried out on Rev 1718 by performing a yaw 

maneuver from a nose aft attitude prior to sunrise. This placed the FOV of 

HT 2 on the horizon at a point where it would see the sun at orbital sunrise. 

The data shows the Irr angle depressing 3.5 degrees below the horizon as the 

sun approaches the FOV and its recovery as the sun recedes. Thie verifies 

the successful performance of the sun sensor. 

Q-21 LB Attitude Estimation 

Ob,jective 

~•ii:Qt'n:~ifc:i' :iileasue 8111::t..tiN.El:a :,~t.i,.QS,,~&Pl:!.bi:W.:cy .qr .. t~ LB .. Sj)l:$.i.'911):!i',~ 

'i!!:~;lie, ~:rl!;'f:!rig in the RV mod6. 'l'be·'exi,emae.ut '1:el'-B.iOD ~ ;t.li,e Ql:uwtl;iio:"illi! 

bas a readout range large enough (approximately 21°) to allow it to 

measure vehicle attitude during a ty-pical LB operation. The Barnes RBS 

readout telemetry is limited to ±10 degrees. 

Results 

This experiment was performed on Rev 1751. The ACS was deactivated 

at t = 80 seconds. At t = 0 seconds, Lifeboat Execute was ccmmanded while 

in the North-South, RV Mode. At t 360 seconds Lifeboat was reset and control 

was subsequently returned to ACS. 

At the time of' Lif'eboat reset the vehicle attitude was -17.lf9 degrees 

in pitch and 0.54 degrees in roll as determined by the Quantic Horizon Sensor. 

Yaw attitude determined. by integrating the ACS yaw gyro rate was approximate.Ly 

-2. 5 degrees. 

These attitudes are well within the Lifeboat specification which 

requires the vehicle X-Y plane to the earth's magnetic field vector be 

perpendicular within ±7, 5 degrees in the lati tudee and longitudes at which 

this eXJ)eriment was conducted. Table Xis a SUII!llary of' pitch and roll 

attitudes detennined by magnetometer and by horizon sensors. 

A plot of pitch attitude during Lifeboat control is shown in Figure 20, 

Pitch attitudes determined by: (1) calculating pitch attitude based on the 
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deviation of the P magnetometer sensor reading from DG MAP, (2) Barnes 

Horizon Sensor and (3) Quantic Horizon Sensor are plotted. 

The maximum deviation between the pitch attitude determined by the 

magnetometer and by the horizon sensors was 0.7 degree. 

The deviation of the pitch attitude frc,n the th.eoreti.cRl pitch angle 

is also shown in Figure 20. The theoretical pitch angle is the angle of 

the earth's magnetic vector, H, wi t;b rcspcc t to local horizontal. The field 

vector pitch angle at the time of RV simulation was -20.4 degrees. The 

measured pitch angle was -16.8 degrees. 

Figure 21 is a :phase plane plot of P magnetometer readings and pitch 

axis rate. The relation of the magnetic fi.eld vector and the vehtcle axes 

was such that both the magnetometers were well within dead band at the time 

of Lifeboat Execute. Consequently no large rates or attitude errors were 

observed. 

Thrust valve firing was negUgi.ble consisting of 3 pulses of 24 

milliseconds each of Thrust Valve 2. 

Roll attitude error and rate were small and were never large enough 

to cause thrust valve firing. This is in agreement w:i.th predictions based 

on 'DG MAP. The maximum deviation between 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 

we.re required for yaw corrections either. 

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 

environment. 
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Results 

This experiment was conducted on Rev 1704. The method used to 

invert the star sighting within the ST FOV was to pitch up 19°, roll right 

143° and a pitch up of 160°. A preliminary analysis of the data shows that 

the in-plane alignment was different frcm the ground test reference measurement 

by 0.005°. 

The error sources involved in this calculation have not been assessed 

as yet and will undoubtedly have some effect on the confidence limits 

associated with this measurement. 

Also thermal distortion effects will be indistinguishable from the 

misaligmnent due to ascent shifting. 

Q-23 Gyro Reference Plane Calibration 

~ 

Determine the relative alignment between the large pylon and ARM 

yaw planes. 

Results 

The experiment was accomplished on Rev 1747 by inertially maneuvering 

the vehicle through 720 degrees of yaw on the dark aide of the orbit. 

The data hes not been analyzed as yet. 

Q-24 Geocentric Rate Determination 

Ob.jective 

Use the Qua.ntic experiment to measure the digital geocentrjc program 

rate. With the Quantic experiment on, di.sconnect 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 

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

H/S 2 DISC 

GYR-

COARSE MODE 

H/S 2 CONN 

GYR+ 

FINE MOTE 

VEHICLE TD!E (SECONil3) 

14343.6 
14343.8 
25033.4 

25033.8 

25034.o 
2')633.4 

Table XI shows the data for four time points when the gyrocompaasing 

is stopped and horizon sensors are disconnected, 

The equation to determine the magnitude of the geocentric program 

rate follows: 

Geocentric Program Rate = 360° -t AQI - t,QH/8 - Gyro Ddft Rate 
REV TIME 

The gyro drift rate during Revs 1720 through 1723 was -0.00002 

degrees/seconds. The geocentric program rate was calculated to be 0.06865°/sec 

fran Rev 1733 through 1734 and 0.06867°/sec, from Rev 1'(34 to Rev 1735 which 

averages to 0.06866°/second. Tb.ls is in close correlation to the last 

ground hardware test vhich measured the geocentric program rate as 

0.068667°/second. 

-25 ntic Star Tracker 1 Health Check 

Objective 

Determine if any self healing had occurred to ST 1 during the 82 
day "of'f" period and to determine if' 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 Star Tracker 1 

turn on Star Tracker Head l for Go oeconds over a station pass, then turn off 

total Quantic system. On the next station pass, turn on the total Quantic 

System except Star Tracker Head 1. If system has not been degraded continue 

operations with ST l off until Part II is initiated. 

Part II - After completing all critical Quantic experiments, turn on 

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

s/T Head 1 on. 
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Rev Latitude 

1733 00 

1734 00 

1734 00 
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TABLE XI 
ATTITUDE DATA FOR Q-24 

Quantic H/S VeM cle 'Pime 
Attitude (gH/S) (sec) (deg) 

16773.8 -4.1835 

22102.8 -10.0203 

19415.8 -5.8121 

24744.8 -11.6489 
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Estimated 
Integrator 

Attitude (QI) 
(deg} 

-0.0137 

-0.1233 

0.1031 

0.1039 
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Results 

Time of experiments were as follows: 

Part I Date Sy tem Time Vehicle Time 

Start July 27, 1974 68196.8 9679+.4 
Stop July 27, 1974 68256.8 98854.4 

Part II 

Start July 28, 1974 66750.1 183747.8 
Stop July 28, 1974 81954.5 198952.2 

ST 1 failed to turn on o~ both tests. ST 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 24 are plots of star tracker aneles from the beginning and 

end of Part II of the test. As can be seen from Figures 22 and 24 ST 2 shows 

a dither at the ends of the scan range. Figure 25 shows that thi.s dither .ias 

occurring prior to this test and is unrelated to the s/T l failure. 

On all the figures, an asterisk(*) indicates a valid star sighting. 

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

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

On Figure 24, Star Tracker 2 shows "bad" angle outputs at times 196877 
and 198879. Associated with these bad angle readings were star indications 

as noted above. However, Bit 14 of the angle output did not indicate a 

radiance event as it had in all other star sightings. In both cases the 

"bad'' angle output was approximately -3.5 degrees. The cause of the bad 

readings have not been investigated as yet. 
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SOLO TESTS - SSC 
by SSC on sv-8. 
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4. 0 SOLO TESTS - MWC 

4.1 MWC-1 Temperature Effects of Pressurization 

Rationale 

BIF003w/2-091480-74 

To observe the effects on pan camera pneumatics on the RV 4 automat:l.c 

temperature control heater power consumption. 

Procedure 

The pen camera pneumatics were turned on for 130 seconds prior to perigee 

on Rev 1697 to obtain a nominal film path pressure. The SBA tape recorder 

was operated for 13 minutes prior to pressurization and for 32 minutes after 

the film path was pressurized. 

Results 

The data obtained in shown on Figure 26. No conclusions can be determined 

from this experiment because there was no significant change in heater power 

requirements when compared with nominal consumption requirements. As 

anticipated, the data does not show any evidence of either existing or potential 

thermal problems. 
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5.0 SOLO TESTS - NEC 

The following is a description of the test activity that was 

accomplished during the primary mission after the RV-5 recovery. Table XII 
is a summary of the NEC solo activity. 

ST-1 Emergency Shutter Op n Characteristics 

Ob.jective 

To verify that the contingency mode of operation would have functioned 

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

Results 

This experiment was not accomplished. Reference Experiment ST-3, 

5.2 ST-2 Terrain Thermal Shutter Reset 

Ob.jective 

5.3 

To verify operation of the thermal shutter reset capability. 

Results 

Reference ST-3 Results. 

ST-3 Veri 'y ST Op ration with Emergency Shutter Open and Reset 

Ob,jective 

To verify the ST will respond when operate commands are programmed 

between terrain thermal shutter emergency open and reset functions. 

Results 

On Rev 1361 two ST operates were progranmed that include commanding 

the thermal shutter emergency open at the start of each operate and reset 

at the last f'rame o:f each operate. The overlap option of lOi and 78f were 

also exercised. Both 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 vii.th the emergency open 

reset COlllllland sent O. 2 seconds after the off command, 
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Both the enable and emergency open commands were received and executed 

as evidenced by the lack of thermal shutter operation on all but the last 

frame operation. The thermal shutter telemetry indicated all commands 

were executed as programmed. (Reference Paragraph 5.6 for additional test 

data on the thermal shutter). 

5.4 ~T-4 +/-Y Stellar Cappi g Shutters 

Ob,iective 

To verify functional operation of' the stellar capping shutters. 

Result 

On Rev 1361 both+ and - Y stellar safety capping shutters were 

successfully c]osed on the first attempt. 

5.) ST-5 Op ration with One Voltag Converter Off 

Objective 

To determine ST operating characteristics with each converter 

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

Results 

On Revs 1344 and 13h5 four operations were executed -with the following 

configurations: 

Backup Mode Converter 2 Off 

:Eackup Mode Converter l Off 

Normal Mode Converter 2 Off 

Normal Mode Converter 1 Off 

Execution of each converter off command was verified by canparing 

the change in EDA.P voltages. EDAP voltage comparisons are shown in 

Table XIII. No abnormal operation was noted when operating in either of 

the four indicated con:f'igurations. 

With Converter 1 off, the narrow band temperature monitors indicated 

a drop in tel!lJ)erature of -0.7 to -0.9°. 
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During the backup mode of operation the frame time varied more than 

in the normal mode which was not unexpected: 

Converter 1 Off range - 8.706/8.699 seconds 

Converter 2 Off range - 8.733/8.710 seconds 

5.6 S cial Terrain Theriml Shutter Emer enc 

On Rev 1458, a normal emergency open sequence was executed with 

negative results. 

On Rev 1477, a modified emergency open sequence was executed with 

negative results. This sequence included 20 on and off commands following 

the emergency open commands. The on/off commands were sent at 3 second 

intervals. 

On Rev 1572, the system was operated for ll cycles in the normal 

mode with the thermal shutter electrically reset from the emergency open 

sequences. Thermal shutter operation was normal. No data discrepancies 

.,.-. were observed. The failure of the emergency open mode has been isolated 

to the emergency open mechanism. 
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TABLE XII 

NEC TEST SUMMARY 

Rev Mode Frames 
FRAME TIME COOllllents Cale. Actual 

1327 Normal 4 8.9 8.910 Redundant electronics. 

134h Backup 5 8.9 8.733 Converter 2 off 

1345 Baclru;p 5 8.9 8.699 Converter 1 Off 

1345 Normal 4 8.9 8.9lo Converter 2 of'f 

1345 Normal 4 8.9 8.909 Converter 1 Off 

lj6l Normal +/1 Stellar capping shutter --- ...... --- close 

1361 Normal --- 8.004 ---
Emergency terrain shutter 
open/operate/close. Overlap 
781,. 

1361 Normul --- 23.96 ---
Emer,ency terrain shutter 
open operate/close. Chrerlap 
101,. 

1458 
Terra.in t;hermal shutter --- --- --- --- emergency open. 

1477 --- --- --- --- Emergency open pulsing 
tecbniq_ue. 

1507 Normal 11 --- --- Operation normal 

Operation without thermal 
1572 Normal 11 --- --- shutter emergency open 

reset. 
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TABLE XIII 

EDAP CONVERTER SUMMARY 

BACKUP MODE NORMAL MODE 
Converter 1 Converter 2 Converter 1 Converter 2 
Off, Secondary Off, Primary Off, Secondary Off, Primary 

s171 5.0 5.2 5.0 5.2 
S172 -5.8 -5.6 -4.8 -4.7 
8174 14.1 14.9 14.1 14.9 
S175 -15,2 -15,0 -15,2 -15,0 

8176 4.9 5,1 5.1 5.3 
8177 -4.8 -4.7 -4.5 -4.4 
S178 4.8 5.0 4.8 5.0 
s181 14.3 14.8 14.3 14.9 
s182 14.4 14.9 14.4 14.9 
s183 4.8 5.0 4.8 5.0 
s184 -15,ll -15.0 -15.1 -15.0 
s185 -15.1 -15,0 -15,1 -15.0 
Sl.25 29.5 27.3 29.7 29.8 
s126 27.5 27.5 27.5 27.5 
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