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FOREWORD

This report describes the performance of the ninth

HEXAGON Program Satellite Vehicle (8V-9). The vehicle was

. lauvnched 29 October 1974, and after a 129 dey primary
mission and an 11 day solo migsion, was deboogted on Rev
2274 on 18 March 1975.

This report does not explieitly cover the solo
miseion; however, results from solo are used as appropriate
when they contribube substantially bto the understanding
of primary mission events,
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BECTION I
SUMMARY

1.1 INTRODUCTION

The ninth HEXAGON Satellite Vehicle (8V-9) was placed in a 85.% X 156 mm
orbit by the Titan TIID boogter on 29 October 19Tk, The nominal orbit,
87.5 X 156 nm, wos established on the fivst orbit adjust. Ascent events
were pominal and proper stabllizstion of the SV sllowed the initiation of
deployment of the solar arrays at the first station contact, INDI. The 88U
(-Y) Subsatellite was properly ejected on Rev 13. The S3-1 Subsatellite
(+¥) was properly ejeched on Rev 15. The panoramic camera operated throughout
the mission and 1ts RVs were recovered on Reve 310, 894, 1364 and 200k which
veaurred on Midsion Days 20, 56, 85 and 130. All four RVs were caught in the
air. All of the Pilm was transported into the RVs., There were no ancmalies
to report in the Panoramic Camers Bystem. All the mapping camera operations
were normal @nd 100 percent of the {ilm was lransported to RV 5 which was
aeriglly recoverad on Hev 958. 8Solo tests were run and the SV was deorbited

on Rev 227k (Auring Mission Day 141).

5
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SECTION IT
MISSION OVERVIEW

2.1  PREFLICHT PLANNING

Mission 1209 was the third of the HEXAGON Block IT wvehicles and
panorsmic ceamers systems. No speclal flight experiments were scheduled
gxcept For the installetion of four presgure transducers inside the shroud
in an attempt to measure the pressure within the shroud at the moment of
ghroud separation. ALl four RCS Tanks were filled and supplied the thrusters
throughout the flight with no transfer of fuel from the OA Tank.

2.2  FPREFLIGHT CONSTRATNTS

The Mission 1209 orbit was designed to:

A. Maintain solar angle (Peta) within -8° to +30° for the planned
130 days.

B. Have orbit adjusts to oceur on a three-day cycle with every
third orbit adjust {(O0A) to be a positive and negative burn For close
control of perigee argument.

2:2.1 Panoramic Camersa System Congtraints

The Tollowing were the constralnts imposed on the panoramic cameras:
A, Rewind velocity limited to 5 inches/second.

B. No 30° scans at #45° scan centers.

TOP-SEEREF—H
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2,3 LAUNCH BASE

The 8V was delivered to the launch pad and mated to the BV on 9 October
1974, “he vekicle was launched on 29 Qctober 1974 at 11:30:00.7 PST at the

opening of the launch window.
2.4 ASCEWT

The BV successPully injected the 8Y into an 85.50 X 156.00 nm orbit.

The targeted and achleved orbits and deviations were as follows:

Targeted Achieved Deviation
Apogee Altitude {(nm) B7.270 85.502 ~L. TES
Perigee Altitude (mm) 152,535 156,002 +3.467
Period {winisec) ‘ 88:53.82 88:57.60 0:03.78
Becenbricelty 0. 000238 0., 0089909 +0, 000671
Argument of Perigee {degrees) 158.585 168.557 9,072
Inelination (degrees) 96,768 96. 692 0, 096

The deviations excepﬁ inelination were corrected at the irst OA on Rev H3.
2.5  OKBIT AND RECOVERY

2.5.1 12091 (Hineteen Days Duration)

On V-9, the DRS Antenns was deployed 2000 seconds after liftoff. Selar
arvay deployment was executed over INDI on Rev 1 with normal deployment and
srection. Since the solar srreys wers at the opbimum position of +18° for
the initial beta angle of +9.0 degrees no repositioning was necessary. The
88U Subsatellite was ejected on Rev 13 and the 53«1 Subsatellite wasg ejected

on Rev 15,

Operational vhobography began on Rev 6 following successful completion
of consbant velocity and health checks. Approximately 29,500 feet of film
per camers (including the pre-launch footage on the take-up) were exposed and

gtowsd in RV-1.

Rt
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Post flight analysis (PEA) of the recovered film showed the overall
guality of the ascquired photograrhy to range from very good to poor with the
majority rated as falr to good. The poor lmegery was abtributed to hazy
or inclement weather. There wag a definite preference for the aft camers

imagery when compared to the forward.

On-Orbit Adjust Assembly {(008A) adjustments wers established for the aft
looking camera to correct a skew angle ervor determined by subjective

analysis.

2.5.2 1209-2 {Tairty-8ix Days Duration)

Normsl opsrational phobography conbinued throughout this segment. The
FFA determined OO0AA adjustment on the aft tamera wag Implemented on Hev 350.
Approximately 29,500 feet of forward-locoking camera film and 26,900 feet of
aft-looking camera film were exposed and stowed dn RV-2. This included

5650 feet of §0-255 {color) on the aft-loocking camera.,

FFA ghowed overall gquality of acguired photography to range from very
goof to poor but with the majority rated as good. Aft-loocking camera
verformance continued to be betber than that of the forward-looking cemera.
The poor dmagery Tor the most part was attributed to hazgy or inclement
weather. The quality of the color photography (80-255) compared to previous
color ranged from good to falr with the majority rated good. The S0-255
material had sn apparent underexposure of 1/3 to 1/2 stop, and & three count
(0,10 log B} exposure increase was wmade on RV-3 for the remaining S0-255%
material. In addition, & one command step advance of O0AA on the forward-

looking camera was deterwined to be required.

2,53 1209~3 (Twenty-Nipme Days Duration)

The Panoramic Camera System exhiblted nominal performance throughout
RV-3 with no anomalies or malfupctions. The 00AA adjustment of the forward-

looking camera indicated by PFA was made on Rev 979.
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Approximately 28,510 feeb of forward-locking camera film and 27,500
feat of aft-locking cawera film were exposed and stowed in RV-3. The
aft-looking camera ineluded 3400 feet of 80 130 (IR) and 2500 feet of S0-255
{color) Film.

PFA showed overall guality of the acquired photography to renge from
very good to poor with the majority rated as fair. The gquality was

comparable to previous winter missions.

2.5, 1209-4 {Forty-Five Days Duration)

Normal photographic operation was obtained throughout this segment

with no snomallies or melfunctions.

Forward and aft-looking cemera Film depletion occurred on Rev 2086

and Rev 2000 respectively.

Approximetely 29,250 feet of Forward-looking camera Film and
approximately 27,750 Teet of aft-looking camera film were exposed and
stowed in RVel,

PFA ghowed imsge quality to range from very good to poor with the

wajority rated failr. The quallby was comparable to previocus winter

missions and the best of RV-L indicated s slight decrease from the best of

RV-3,
2.6 ANOMALY SUMMARY

Significant anomselies sre listed chronologically in Table 2-1. The
list includes a brief description of the anomaly and its effect on the

mission. A more detalled discussion can be obtained in the reference

paragraphs .

.
P
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TABLE 2~1
SUMMARY OF ANOMALIES

R Reference
Da; Degeription Tmpact
v b P Paragraph
1 REA Temperature Monitors Bagis for thrust comperison changed. Redssign L
errabic, and improved inspection for Block IIT. 3.3
2 Bpurious command te tape Commend sequerice corrected. No date lost. 373
recorder. sl
. Weal uplink signal at 1.2° elevation angle. w
L7 EGE executed two spurious Decoders turned off 30 - 60 seconds before 3.7.6.1 ==
commands . .
fade rest of misslon.
Damaged RV-2 parachute R N 5 . '
56 Load Loop. No mission impact. Hook tine split webbing. 5,9
B High r6ll rate duritig Camera REA 3 and REA 7 unbalance 11:\.6:{10@{1 piteh which
&l A ops with one OB suppressed roll control. Single OB mono ops Fe2:3
b ’ curtailed until transfer to RCS 2. --:}
. HSA inhibit one side. Roll Transfer to ACS 2. Faa.lea? HSA is Bloc:iﬁa I 3.2.3 and -
9 and yaw diverging sttitude design, Corrective modifications are in 3.2.6 o
* Block IT units. T
9 :Iiii}c? valve had Transient Seli healed in one rev. No mission impact. .30 ==
a1 REA 2, 5, T and 8 seriously Transfer to ROS 2. Thruster degradation was 3.3.1
degraded. as axpected. i
3 RV 3 Main Parschute hit - Endangered RV recovery. No other mission
3 53
parachute torn. inmpact.
9% Horizon Sengor moon Moon induced signal produced piteh. No 5
intercept. migsgion impact. 3.2.9
136 IRA failure to start, Solo test., Failure under study. 3.8.7
140 FCEA failure. Vehicle tumbled. Debpost with Lifeboat II. 3.2.8

Failure under study.

SL=EQT60-2/ME00LTd
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SECTION IIX
SATELLITE BASIC ASSEMBLY SUBSYSTEMS

3.1 ITHIRODUCTION

The following parsgraphs summarlze the performance of the Satellite
Basic Assembly {(SBA) subsystems ss verified from £light deta.

3.2 ATTITUDE CONIROL sysTeM (AcS)

The ACS performed within specification. Low forece level RCS thruster
operation and & PACS HSA inhibit 1mpacited paylosd operations as degcribed
in Paragraph 3.2.3%. An IBA and FCEA fallure which cecurred during =solo
are described in Paragraphs 3.2.7 and 3.2.8,

3.2.1  BV/SV Separation

BV/SV separation was completed at approximately 534.0 seconds vehicle
time {vehicle time started 67.206 seconds prior to 1iftoff). Master Clesr
Off, which enables the piteh, roll and yaw integrators to sccumulate angle,
was ab 50,8 seconds and SECO, which terminates BV aitbitude control, oeccurred
at 522.0 geconds vehlcle Pime. The SV attitude changes from SECO to BV/SV
geparation and the attitude and rates as measured at BV/SV separation are
ghown in Table 3«1, This table also presents the times in which the SV
attitudes and rates came back within the specified limits following BV/SV

separation,

o

1L
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TABLE 3-1
BOOSTER VEHICLE/SATELLITE VEHICLE (BV/SV) SEPARATIUN

FATE AND ATTITUDE AT BV/SYE EPAEA%?IW CAPTORE
RATE ATTITUDE (TEGREES ,
Axes {geg/sec) /8 at cep HECO to Se ATTTTUTE RATE
Actusl (5} | Bpec | Actusl (2) | Specified | Actual
Spec | Actual |Spec | Actual | Spec #/s/ (1) (Time in {3) {(Time in
Integrator | (deg) sec ) {Geg/sen) sec)
+13.0
Pitch | #0.752 | =0.203 to | -0.984 | £3.5 | ~0.76/-1.89 | *0.70 (&} £, 01k (&)
AN
Roll |#0.796 | -0.2L40 | 210.6 | 3.20 | 3.5 | L.4i/1.81 | 20.70 (6) 0,021 {6}
#11.1 e 5
Yaw | #0.752 | 0,125 to —— to —em/1.68 +0, 64 (6) +0,01h (&)
-llvk “305
(1) Attitude in degrees 4o be achieved inm 1500 seconds.
(2) Actual time reguired to achieve gpecified attitude {(switch to fine mode + settling time),
{3) Rate in degrees/seconé to be achieved in 1500 seconds.
(L) Actual time required to achieve spscified rate.
(5) Relative to the local horizental.
(6) Nominal performsnce indicating the polnting requirements are satisfied was observed abt a

nominal settling time of 520 seconds after the commanded switch to fine mode {673 seconds
after separation).
no c¢loser study was performed.

The total 1193 seconds is well within the spec of 1500 sseonds and

[Fa¥!
4 UUL
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3.0,2 Subsatellite/SV Separations

3.2,2.1 S8U/SV Separation
S8U/SV separation events of Rev 13 were as follows:

Vehicle Time

Event gec
Start Negative Yaw Maneuver TO3LT.2
Stop Yaw 703554
Separation TOLLS. 2
Start Positive Yaw Maneuver TOL32, 4
dtop Yaw TOWTO. 6

The ACS parameters Just prior to the instant of sepsration (70k15.2

seconds vehlcle time) sre presented in Table 3-2.

TABLE 3-2
RATE AND ATTITULE PARAMETERS AT SSU/SV SEPARATION

Parameter Specified Actual

Piteh Horizon Sensor +1.0 deg +0,12

Roll Horizon Sensor #1.0 deg 0 80

Roll Integrator i ~0, 16

Yaw Integrator e +Q, 02

Piteh Integrator o +0.15

Yaw Attitude {~26.9 deg desired) -26,1 deg (1)
Piteh Gyro Rate (2) 0,1 deg/sec -0, 06 deg/sec
Roll Gyro Rate 0.1 dﬁgfsec +(, 03 deg/aec
Yaw Gyro Rate $0.1 deg/sec +0.02 deg/sec

Maximum Rates Following Separation

Piteh Gyro Rate -0.07 deg/sec
Roll Gyro Rate (0, 22 deg/see
Yaw Gyro Rate +0,09 deg/sec

(1) By rate integration of yaw gyro rate.

e (2} Geocentric program rate {s comnected.

13
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3.2.2.2 S3/8V Separation

83/5V separation events of Rev 15 were as Tollows:

Bvent Vehicle Time

{sen)
Start Negative Pitch Maneuver TBE10.8
Stop Piteh TEA38.8
Separation 8oo32.h
Start Positive Pitch Maneuver 80033.6
Stop Piteh 80059.6

The ACS paramebers just pricr to the lnstant of separation (800324

seconds vehicle time) are pregented in Table 3-3,

TABLE 3-3
RATE AND ATTITUDE PARAMETERS AT $3/SV SEPARATION

Parsneter Specified Actual
Roll Horizon Sensor 1.0 deg «0.02 deg
Roll Inbegrator - +0. 0l deg
Yaw Integrator e (.12 deg
Piteh Integrator o ~3.12 deg
Pitch Attitude (-18.3 deg desired) ~19.0 deg (1)
Pitch Gyro Rate (2) +0.1 deg/sec -0.001 deg/sec
Roll Gyro Rate 0.1 deg/sec +0. 001 &eg/sec:
Yaw Gyro Rate 0.1 dﬁg/ gec -, Q0L &eg/ sec

Meaximuw Rates Following Separation

Piteh Gyro Rate (%) .
Rell Byro Rate -0.49 deg/sec
Yaw Gyro Rate -0, 23 deg/sec

{1) By rate integration of piteh gyro rate.
(2) Geocentric program rate is connected,

(3) Piteh maneuver immedistely follows separation.

g

1
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- 3.2.3 Payload Operations

Bea

be An out-of-gpee roll rate was obsevrved for the Camera 1, Side A

operation (BP 508) on Rev 1026. The estimabted RCS force levels were as

follows:
Thrust Valve 1 3.3 1b Thrust Valve 5 2.6 1b
Thrust Valve 2 2.7 1B Thrust Valve 6 3.5 1b
Thrust Valve 3 3.8 1b Thrust Valve 7 1.8 1b
Thrust Valve 4 3.8 1B Thrust Valve 8 2.7 1b

The pogitive roll rotation of the A side optical bar creates & negative
regponse in vehicle rate. This regquires Thrust Valves 3 and 7 to fire to
counnter that negative roll rate. 8Bilnee Thrust Valve 3 forece level was 2.0
pounds greater than Thrust Velve T, a nepative pitch disturbance was created.
Thrust Valve 3 will then stop firing until the vehicle attitude and rate
return within the piteh switching lines. This, in effect, slows the response
to the initial roll disturbatce. BRoll disturbances in general will excibte
the solasr array, and the 10-szcond period of the solar array is quite evident
during much of the operation. More normal RCE thruster forde levels

(abouﬁ 2.5 poundg) would allow timely control of the large roll disturbances
creabed by single optical bar operation. Single optical bar mono operations
can e controlled within rate specs at RCS thruster foree levels below 2.5
pounds; however, & more ressonable force balance must exist between coupled
thrusters. The 0.021 degr@e/secon& roll rate spec is Lo be maintalined from
6.6 seconds after steady operation (camera) until closing of the shutter on
the last frame. ©Steady state operation is assumed to have oceurred one
second prior to the Pirst Preme reference time of 2111377.609 (L33656.0
seconds vehicle tim@)‘ Rate spec musgt, therefore, be met subsequent to
L433662.6 seconds vehicle time. The maxinmm roll rate during this time was

~0.029 degrees/second.

¢. The HEA dinhibit that cccurred on Rev 1113 caused logs of the roll

horizon sensor signal until transfer to RACS on Rev 1118. The inhibit

15
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oceurred at 58429 seconds vehicle time. The two operations (OP LSk and 455)
taking place during this time are shown below with estimates of the maximum
vehicle attitude offset.

MAXIMUM ATTITUDE {DEGREES)
Rey (vzg;c;}g ifn;e) Bitoh (1) Roll (1) Yo
Horizon Bensor Horizon Sensor Integrator
11134 58505 ~ 58626 +0, 50 -0,20 +0.13
1ixk b 63910 - HIOW +(0. 0k -0.16 » -0.5

(1) - Prom RACS,

The yaw offset on OP 4S5 of Rev 111L was the only attitude parameter

thet may have been beyond the 0.6h degree vaw attitude pointing regquirement.

A study investigeting the linear stability of the SV with the loss of
elther the pitch anﬁ/ar roll horizon sensor signal was done subsequent to
an HSA inhibit problem on 8V-5. The results of that study shows:

a&. If the roll horizon sensor signal is lost, the roll and yaw

attitude will diverge oscillatory with a period of 2. Tn
& typlcal simuletion the amplitude reached six e degrees
after two orbits.

. If the piteh horizon sengor signal is lost, linear staebllity

is maintained 1f the center of pressure is behind the center

of gravity.

& plot of the RACS roll korizon sensor oubpub for the time of horizon
sensor inhibit (Revs 1113 to 1118) is shown in Figure 3-1. In 2.2 revs
the voll offset was in excess of 5 degrees {Rev 1115) which corresponds with
the simulation results. The yaw performance is assumed to be similar to
the roll, separsted by seversl hundred seconds due to gyrocompassing time
congtants. ILinear stability was maintained in piteh during the 5 rev span,

as the maximum offset observed was 0.36 degrees.

16
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ROLL ATTTTUDE (DEG)

Roll History Following HSA Inhibit

NOTE: Solid lines are Flight data. The dashed lines are date interpolations o better
show the probable performance during the HSA inhibit.
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d. A stellar photography experiment wag supported on Rev 1769, The
11 frame sequence (each side) was done while the SV was performing a positive
piteh maneuver. The center of Forwabt was inbended to oceur at 65.7 degrees
gouth Jlatitude agending which was POOLA3.5 seconds vehilcle time. The piteh
gyro rate was integrated from the beginming of the pitch maneuver to
POOLE3. 5 seconds and the estimated piteh abttitude was 163.9 degrees. The
Jesired angle at the wid point reference time (R00LE3.5) was 170 degrees. This
would result in pointirg the A side camera 180 degrees from nadir at the time

of interest.

3.2.4  Mapuing Cemers Module (MCM) Operations

3,02,k 1 MOM Calibration Maneuvers

The calibration maneuvers on Rev Ohl congisted of a negative pitch
seneuver of 167,09 degrees, followed by four inertisl periods, one for esch
calibration. The durations of the inertiszl periods were 177, 177, 177, and

233 geconds for calibrations 1, 2, 3 and b respectively.

A positive piteh maneuver was performed after the calibrations to return
to nose forward horizontal flight. Upon rebturn to geocentrie control
{(horizon sensor comnect) the piteh offset was ~2.4 degrees indicating
successful execubtion of the calibration sequencé. Table 3-4 presents the

four ealibrations.
2.2.4.2 MM Recovery

The ST-RVY (RV-5) recovery is performed with the SV yawed 180 degrees
and pitched down, with the releage taking place aslong the 8V X-axis. The
vehicle rate and sbbitude parameters at RV-% separation (vehicle time

71393.8 on Rev 958} are listed in Table 3-5.
F.2.5 Recovery

The piteh down maneuvers preceding BV-1 through RV-5 separations were
all within specification and are summerized in Table 3-bH. The RV separation

performance summary is shown in Table 3-7.

18
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TABLE 3=k
MAXIMUM VEHICIE RATES DURING MCM CALIBRATTON

Duration Vehicle Time at Settling MﬁxéﬁggﬁgigigﬁE(ggg§§Eg§RING

Calibration ST+ to BT- Frame 1 Time =

{zec) {sec) {gec) Pitoh Roll Yaw
65 . 35?.18(1} -0.00 0. 0.
1 + 821797.365 23.78(2) | ~0-905 0.019 0.002
2 166 822330, 201 216 C.007 =0, 002 G001
3 166 822883, 201 21.6 0. 007 G008 0001
b 252 (3) 823427.200 21.6 0.007 ~0.00% 0.001
Hot to exceed OO
Specified 300 e Allowed 20,01k 0,021 0. 014
{1) Time from start of pltch down mansuver to Prame 1.

(2) Time from vemoval of geocerntric rate to Frame 1.
(3) mime from & to start of veturn piteh mansuver.

TABLE 3-5
RATE AND ATTITUDE PARAMETERE AT RV-5 SEPARATION

Axes ] ATTITUDE {DECGRERES) Rate
Desgired Actusl Source (deg/aac}

Piteh -6l.6 £3.0 -63.4 POV +0.069 (1)

Roll #1.0 -0, Ol H/S 0

Yaw +1,0 +0, 12 Integrator -0 Q0L

(1) Imcludes orbital rate.
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PYTCH DOWN FERFORMANCE FRECEDING RECOVERY VEHLCLE SEPARATION

TABLE 3-6

MANEUVERANG T1ME i P
/ PITCH DOWN ANGLE TO < 0.1 DEG/SEC PITCE DOWN COAST RATE
RV/Rev , Coppmand Coast Rate Coast Rate
E;ngii ?;gg;% ?:EZZ} ‘%Zgﬁ'l Aemte Txpected Actual ~ PGR
o & ® {aeg/see) (deg/sec) {deg/sec)
1/310 -3k, 0 ~33,1 150 82.0 -0, TOS 0,75 #0,05 -0.Td
2/80k -38,1 -37. 2 150 92,0 -0.705 -0y TS 20,05 -0, T1
3/136k -38.5 ~37.T 150 85.0 -0 T05 -0.75 $0.05 -0, 70
It /200l L0, 6 =309, 6 150 89,0 =0, T05 ~0. 75 £0,05 =0, 70
TABLE 3-T
SIMMARY OF RV/SV SEPARATION PERFORMANCE
Piteh Up
Peak Max. Piteh] Induced P];izih Following F{teh RV ROLL ANGLE
Piteh | Integrator | Tmpulse Prior to| BV Sep to Inertia Moment M
BY/Rev Rote Angle By RV rgg; ¢! Removal of After geg Arm Hpec B?gg
de @ degre 1bm- ! Ma Cmd -
(deg/sec)| (degrees) | (1b-sec) (deg) f(lggg} (s1ug-~£t<) {rt) (deg) )
1/310 1.3% 6.4 125,0 -33,1 99,1 145950 27,1 1.0 | «0.0h
2/8gk 1.49 8.4 136.0 «37,2 97,5 120026 21.8 1.0 | 0.0k
3/136h | 1.h1 6.3 131.8 -37.7 97.8 93718 17.5 $1,0 | -0.06
L/zogh | 1.24 7.5 153.1 ~39,6 L0.3 (1) 82798 11.7 +1.0 | -0.06

(1) Pitch up to horizontal flight.
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3.2.6  HSA 1009 Anomaly

The H3A inhibit described in Paragraph 3.2.3 was a single head ighibit
{te, rolil) since the pitch HSA output vesponded to attitude change whereas
réll remained clamped at sbout 50% of telemebry bandwidth level. Control
was transferved to BACS on Rev 1118 with PACS enabled to permit observation
of its operation. The sensor remsined In Inhibit until Rev 1129 when it
cycled in and out of inhibit rapidly and then remained out of inhibit
until Rev 1146, Inhibit then recccurred. From Rev 1148 to 1472, the HSA
did not exhibit the inkdbit anomaly but vccaslonal negative golng piteh
and roll transients ag shown in Figure 3-2 were observed. After Rev 1472,

no Turther anomalies were seen in the PACS HBA performance.

Pailure mode analysis and gimtlation tests indicate the most probable
cauges of failure are:
. A defective comparator modile in the right radiance
channel (&6 or Ak)
. A cracked solder Joint et comparator module to printed
cireuit bosrd {deughter bosrd) interface,
¢. A cracked solder joint st daughter board to mother board

interface.

HSA 1009 is a Block T unit. Design modifications were dncorporated
in Block 11 addressing the faillure causes indicated above. No Bloeck II

Tlight anomalies have been cobserved to date.

2.2.T IRA 1085 Anomaly

During the solo phase of flight an IRA Ferrotic gyro start-up capability

test was conducted.

On Rev 2195 the PACS system was desctivated and allowed 1o cool for
ten revs., On Rev 2205 the PACE IRA was mctivated. The 8MCD monitor did

21,
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NOTE: 1. BRoth examples shown were selected from Rev 1240 data.
2., Similer transients ocecurred from Rev 1148 +o Rev 1472,

. Figure 3~2
B Typical Transients During HSA 1009 Anomaly
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not respond, indicating an out-of-ligits spin motor current. Repeated
attempts to enable the IBA and obtain the correct SMCD response were
unsuccessful. Subsequent tests showed that the yaw gyro, Serial FNuuber XR0,
did not reach synchronous speed, and probably did not start, since no

rate respouse to vehicle yaw maneuvers could be obsgerved.

The anomaly 1s currently under investigation. Buggested probable

CRUBeS arel

a. Molsture lockup due t0 condensation s the gyro cools down of
the high relabtive hunidity in the gimbal gas.
b. Contamination ipn the spin motor aggravated by cool down.

c.  An open or shorted mobtor lead.

2.2.8  PCEA 1023 Anomaly

RACS controlled the vehicle withoul anomaly or malfunction from
Rev 1118 until Rev 20266 when the digital rate, anglog rate and the
attitude monitors all dropped to a zero telemetry voltage level. These
monitors remained at the zero level although the horizon sensor indicgted
that vehicle rates were present and that the vehicle wag tumbling. The
zero level monitors are all processed in the FCEA and powered by regulabed
voltages dervived in the FCRA. The discrete monitor for "gyro-compassing Off"

also read zero instead of the nominal 5 wvolts it ordinarily reads.

This FOEA (Serial Number 1083) failure is currently under study.

3.2.9 Horizon Sensor Moon Intercept

A horizem sensor moon intercepbtion was observed on Revs l5h6B, lShQK,
1550K real time and 1552 playback. A horizon sensor outpubt error ocecurs
when thé moon is gufficiently close to the egrth limb. The observed moon

intrusions dld not oceur during any paylosd operations. Meximom vehlicle
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pitch excursions were about 0.4 degrees which s within the 0.7 degree
reguirement., A piteh horizon sensor output error of 0.8 degrees maximum
was possible Ffor the +12.6 beta angle of SV-9, bubt was not observed.
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2.3  BEACTION CONTROL sysyeM (Res)

Je 3.l Flight Bummsry

EV-9 was loaded with & total of 523 pounds of RCS hydrazine, 252 pounds
in Tenks 1 and 2 and 271 pounds in Tanks 3 and b RCY 1 {primery) thrusters
were operated from Tanks 1 and 2 with an dnitisal pressure of 23% psia
blowing down fo 98 psia ab near depletion on Rev 989 when all four tanks
were manifoldsed together. The 98 pei in Tanks 1 and 2 was manifolded with
the 273 psi in Tanks 3 and & to give & four tenk system pressure of 142 pai.
The ROS 1 thrusters provided control until Rev 1311 vhen the expected
degradation of thrust led to trepsfer to the RCS 2 (standby) thrusters,

RCS 2 provided control from Rev 1311 0 Rev 2066 when the FOBA failure
deseribed in Pavagraph 3.2.8 occurrved. The pressure of the four tank system
had dropped o 97 psia with L6 pounds of RCS fuel remaining., Deboost on

Rev 227k was wndér dontrol of Tdfeboat.

Pwo anomalies were noted:

1. Two RC3 1 thruster bemperatures were erratic throughout
the flight (see Parvagraph 3.3.0 ).

2. A temporary thrusber wvalve leskasge occeurred on Rev 1267

(see Parapraph 3.3.5).

3.3.2  Propellant Consumption

RCS propellant consumption averaged 3.5 pounds/day through Dey 90,
whlch was close Lo the preflight estimate of 3.7 pounds/day based on prior
flight experience, From Day 90 to the end of the mission, the RCS
averaged 2.4 pounds/ﬁay due to reduced payload activity and higher altitude.

Te3.3 Mhruster Performance

Three RCS 1 thrusters (RBAs 2, 5 and 8) operating at low duby cycle and
one (REA 7Y operating st & high duty cyele indicated performance degradation
prior to transfer to RCS 2 on Hev 1311. Figure %3 is a history of the
normalized thrust., The messured thrust is normalized to a constant

25
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feed pressure and data is selected at a consistant thruster temperature.
The dashed lines represent a #8% tolerance band around the initial baseline

thrust eslevlatlion.

Table 3-8 shows the thrust values for RUB-2 caleulated from gyro rates
together with the thrust attained during the qualification tests at the fuel
gupply presgures available on the pertinent revs. Coumparison has besn wmade
for a pailr of thrusters since the caleulated differences bebween the pair of
thrusters are thought to be overly sensitive to errors in the roll

charascteristics. No degradation in thrust was evident for RCOE 2.

Thruster pulse counts are presented in Table 3-89 for both RS 1 and
RCE 2. Accuracy of total pulse counts on the more active thrusters is
sptimated to he #30% while the less active thruster pulse counts can only be
used ag & trend indication. Pulse count sanmple freguency and rate do not

permit & more aceurabe compilation.

3.%.4  Ancmalous Thruster Temperature Readings

The nozzle temperature monitors Tor REA 5 (B055) and for REA & (ROS8)
of RCS 1 displayed anomslous behavior whenever thruster temperatureg approached
the A00° o 1000°F range. BOSS5 exhibited this behavior during BV/SV
separation and later, during the Rev 13 Bubsatellite setivities, both BOSS
and BOSE gave erratic readings inconsistent with thermal time corstants
expected with the thruster Pirings. The anomalous data was characteristice
of varisble resistance resulting from a bBreak in the thermocouple wire. A
previous history of some thermocouple lot failures snd the apparent triggering
of the phenomena at higher temperatures suggests that the most probable
location of the break was the thernocouple lead/juﬂctjon/adapter ares where

thermocouple expansions due to changing temperature levels would produce

guch resdings.

Since the BOSS and BOSY dsta was unrelisble, the steady state thrust
analysis ubilized the pressure read 3.5 seconds after valve opening rather
than the pressure read at 900°F to establish thrust levels. Either reading
provides a satisfactory basis for detecting the deterioration of thrust of
the REAs. Redesign of the thermocouple and improved inspection technigues
have been Instituted for the Block III REMs.
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TARLE 3-8
RCE 2 THRUSTER FPERFORMANCE

Rev Prizii&e THRUSTER - LEF ngii gﬁi“?ﬁir
(psia) 1 8 2 3 ) 5 5 7 (1b1)
= 1330 127 . 2‘9(6,7)3‘8 o 3.9(7.0)3.1 (6.8)
13 100 2.7(5‘7)3.0 . 3.3(6.1)2.8 . (6.5)
8 | 1735 11k 2.8(5'8)3. . 2.6(5.6)3.1 o (6.2)
1769 11h — ey - o (6.2)
206k 106 . 2.1(5'?)3.6 . 3.6(5‘5}1. (5.8)
- - 3‘0(5.5)2.5 L 2'5(5.3)8.6 L (5.5)

() Bracketed values are for two thrusters.
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TABLE 3-9
THRUSTER PULSE COUNTS

ROS-1 THRUSTERS RCS-2 THRUSTRRS
Thrusber (REV 0 TO 1311) (REV 1311 TO 209h)
Fumber Total Pulses Pulses/l}ay Total Pulges Pulses/Day
1 2k, 000 290 21,000 430
2 13,000 160 7,000 150
3 128,000 1570 TT 5 000 15590
i 5,000 &0 Negligible Negligible
5 7,000 90 Negligible Negligible
é G, 000 110 2,000 50
7 156,000 1920 63,000 1520
8 5,000 a0 L,000 100
T
29
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3.3.5 Temporary Thruster Valve Teskage

Pigure 3wk shows the baseplate temperature ancmaly on Rev 1267
indieating valve leakage. Investigation showed that immediately after a
three pulse firing on BEA 7, the vehicle moved to and remained at the positive
piteh dead band attitude I1imit. At this time HEA 2 started firing at
approximately 0.0 cps causing its temperature to inerease. The dubty uycle
graduslly decayed to pormal during the next 5500 seconds. After the three
pulse firing, REA T indicated & constant chamber presgsure of 3 pei without a
reecorded wvalve actuation. The above indicated that the BEA 7 thrust chamber
velve gtarted to leak and thet the leak gradually sealed off during the
following 5500 seconds.

Pwo failure modes were possible:
1. Contemipation on the thruster valve soft seat,
2. Beat shift causing the poppet Lo ride on the seat retainer

ring instead of the Leflon seat.

In ground tests, catalyst particles have been found in the valve and the
amount gppeared a function of the life/duty eyceles; however, no liguid
leakage has been detected. Aleo a seat shifl In the valve has been
axperienced after exposure Lo extended time ab temperature but again no
liguid leakage was detected. Both failure modes could be expected to exhiblt

the self-healing characteristic observed.

Although corrective action was not necessary in this case, valve
opening vis meneuver commands may have washed particles off the seat,
and/or hested the teflon seat to cure the valve leakage. The Block III
valve has & different design witlizing a teflon poppet and a hard seat
which preclindes a seat shift. Also this deslign features a longer stroke

which makes it less sengitive bo particulate contamination.
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3.4 ORBIT ADJUST SYSTEM (04S)
3.k.1 Orbit Comtrol

The Orbit Adjust System was Tired a total of 59 times during the
misgion: The orbit adjust firings were all vormal and engine performance
was well within specificatvions. The catalyst bed resistance factor history
was similar to that of other flight engines, exhibiting an initial incresse
followed by a period of decline. As can be seen in Table 3—10, OAs cceurred

every three days with an adjustment of perigee location every nine days.
3.4.2 Deboost

The deboost was successfully accomplished with a 120 second firing,
followed in five seconds by a firing which went to propellant depletion
approximately 343 seconds later. The depletion burn time indicated the
remaining fuel had been estimsted within ten pounds. Engine performance

was nomal bhroughout the deboost and depletion operations.

3.4.3 Propellant Usage
During the active phase of the mission (130 days) the OA propellant

usage averaged £2.0 pounds per day for 51 engine starts. For the total
misgion 3301 pounds were expended for a total impulse of approximately
780,000 pounds-second; these figures are the highest to date for the

OA Systen.
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TABLE 3-10
ORBIT ADIUST BYSTEM FPERFORMANCH

Oh Revolution Tmpulse Planned Achicved av
Firing Number i Delivered av av Error
Nomber {(1n-gec) (rt/sec) (fi/sec) {percent)

1 63 9567 13.9 1401 0.8
2 112 16351 23.89  2h.00 +0.5
3 159 13132 19.26 19,35 +0. 5
L 2l ohela 35.93 35,9k 0

5 257 16681 24,89 25,23 +1, 4
& 259 14309 2145 -£1.33 ~0.6
7 286 23313 35.07 3. 89 -0 5
8 gl TOO6 -11.26 «11.35 +0.8
g 370 15868 25,60 25.78 +0.7

10 el 13150 21,26 2144 +0,9

11 LWé&T 25806 e, g6 e 27 ~1.6

18 L&y L2665 -1, 00 -20.83 e:

13 S1T 9379 15.21 15.48 +1.T

1h 565 14196 23.2% 23,49 +1.1

15 b 20641 YL E 3764 +0. 6

16 €16 11533 ~19,15 ~19.25 +, 5

7 &6 g738 16.03 16.29 +1.6

18 711 1577k 26.25 26.49 40, 9

19 759 Bsék 14,37 Tho ik +0, 5

20 808 27504 L&, 1k L6, 56 +0. 9

21 810 1hbes 2, 50 -2, 52 +0,1

op 887 13569 29,92 22,15 +1.0

23 906 11009 2047 20,54 +0.3

eh g1 13870 2648 26, 60 +0. 5

25 1003 18889 36.18 3640 0.6
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QA . Impulse Flanned Achieved av
Firing Re;.;gi%z;an Delivered av av Errov
Number (1h-sen) (£t/sec) (rt/sec) {percent)

26 1005 11851 ) 21T 3,5
27 1058 11803 22,70 22.91 +. 9
28 1100 9390 18.05 18.29 +1.3
29 1149 13851 26,92 2707 10,6
30 1198 Z10kT 41.30 h1.34 +0, 1
31 1200 10921 -21.,50 -1 5k +0, 2
30 1246 9627 18,77 19.05 +1.5
33 1295 14120 27.89 28.0b +0. 6
3k 1344 11339 £2.59 20.61 01
35 1393 8300 18.31 18,38 +0. 4
36 ihka pashl 51. 96 52,36 +0.8
37 1443 10285 ~23, 16 ~22.99 -04 7
38 1490 7266 16.10 16,89 +1.2
39 1538 11730 264y 26,59 0.2
Lo 1867 120573 27,158 27,22 +0,1
Ly 1636 10528 £23.87 23,87 0

Lo 1684 11760 26,70 26.76 0.7
43 1733 2h348 55.58 55, Th +0.3
Iy 1735 10547 -2, 55 -2k, 28 -1l
by 1782 8200 19.058 18.94 -0, 6
L& 1830 11751 27.08 2724 +0,6
Ly 1879 g0k 20,63 22,58 -, B
48 1928 10780 25,00 25,17 +0.6
49 1976 10877 25,51 25.50 0

50 2025 2803 23,10 23.07 -0, 2
51 20Th 11537 27.39 27.86 0.5
50 2122 12511 33.37 33.47 +0.3
53 pohp 3358 .00 9, Ol 0.k
54 & 55 zeTh 6ITO0* ~175. Q0% Deboost -

. #*  Approximate values
3k
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3.5 LIFEBOAT II SYSTEM

Lifeboat magnetometer prediction checks sre shown in Table 3-11. The
Q magnetometer has an instrumentation bias of between -3 and -6 milligeauss
g0 that a data correction is required. The equivalent atbtitude error of the
9 sensor is less than 0.7 degree., The P magnetometer equivalent atbitude
error was less than 0.0 degree and the R magnetometer eguivalent sttitude
error was léss than 1.3 degrees. The three raté gyros were within 0.08

ilegree/seaonc} of the rates monitored on the ACS EyTos.

Dug to Pailure in bobh ACS systems, vehiele deboost was successfully

sccomplished under Lifeboat control on Rev 227k,

No anomalies were noted.
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3.6  ELECTRICAL DISTRIBUTION AND POWER (EDAP)

3.6.1  Solar Arrays

Solar arvays were exitended on Rev 1. Power output from each leg
eyceaded the specification value. Degradation from normal orbit environments
was 4. Th after 125 days (Rev 1995) in orbit. After RV-L on Rev 2094 the
golar drray recelved more contamination on the back side from the RV retro
a8 the 8V wag stopped in a level attitude rathsr than being positionsd with
the solar array edge on to the retro. This raised solar array peak

temperatures 5°F which increased degradation to 6.9% on Rev 2106.

3.6.2 Main Bus Voltage

The mein bus voltage varied from a low of 26.3 to a high of 31.0 volts.
The allowable range is 25.5 to 33,0 volts, Low range voltage was obtained
during payload operations with & bus load of Th amperss. High voltage data

was gathered durdng charge cycles.

9.6.,3 Power Cepability and Usage

Power usage ranged from 319 to L20 amp-houre/day. The 20 amp-hours on
Day 1 exceeded the 400 {ecaleulated) amp-hour/dsy capability. K2's occurrved
on Rev 5 {Day 1) indicating the generating capsbility exceedsd the 400 amp-
hours/day during heavy bus loads. ZExcess capaciby was demonstrated with K2's
oceurring on essentially every rvev after Rev O except those with heavy

payload operations.

3,64 Type 20 Battery Performance

A1l Type-29 Batteries operated in a desirable enviromment (W4°F to 49°F)
and performed normally throuwghout the mission.

3.6.5  Pyro Battery Performance

Pyro Battery 1 stabilized at 50°F which minimized self discherge during
the migsion. Lift off capacity was 11.62 swp-hours. After 130 flight days

the ussge Tov ingtrimentation (4.0 ampere~hours) and self dischurge
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(1.53 am’p-hours) totaled 5.53 amp<hours. This left a residual capacity of
6.09 amp~hours. Remaining cell life after 130 days of flight was 3.5 days.

Pyro Battery 2 followed the same patiern with the exception of 11.36
amp-hours capacity at 1ift off.

3.6,6 Lifeboat Battery Performance

The Lifeboat Battery operated normally in a 48°F environment throughout
the entirve mission., A total of 183 amp-hours remained at the end of 130

mission days from an initial 370 amp-hours at launch. Remaining cell life

was 5.5 days.
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3.7  TRACKING, TELEMETRY AND COMMAND (77 & )

3.7.1 Tracking

Excellent tracking performance was mainbained throughout the flight
mission, During the last day of solo {Rev 2266 to 2207hk), the FCBEA failure
(s=e Parsgraph 3.2.8) csused the vehicle to tumble. Due to the vehicle
anterns pointing angles with respedt to the ground station, the down link
data wag nobt alweys svalleble at the tracking station. Commends were sent
to the vehicle only when the down link wes avallable to verify wvehicle command

aceeph,

Becasuse of the low transmitter signal strength reported on SV-8, health
tests were performed once a week on SGIS 2. To obtain consistent data, the
signal strength was measured and plotited (Figure 3~5) at the 5° elevation
angle for acguisition and Fade using the L6 foot antenna at HULA., This data
exhibits good signal strength for the entire flight; therefore, precautions
taken on 8V-9 and up for mgintaining pressure in the rf cavity of the

transmitter are belleved to be adequate.

3.7.2  Telemetry
The telemetry performance was excellent Tor the entire flight. There

were no anomalies reported.

3.T+3 Tape Recorder

The tape recorder performance was satigfactory throughout the flight.
There was a software problem during the MCS/LB 2 health test on Rev 18.
Tape Recorder 1 was in the record mode and Tape Recorder 2 was seledted for
commanding by the TT & C Off Commend. Therefore, when the TT & € Off Command
was executed at POGO, Tape Recorder 1 continued to record until HULA., There

was no flight data lost and the command sequence hag since been corrected.

3. 7.4  Instrumentation

There were no iInstrumentetion anomallies at Lifb off.
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Telemetry monitor BOSS (thruster temperature monitor 5) and BOSS
(thruster temperature monitor B) exhibited anomalous operation. This anomaly
appeared on both sides of the PCM Remote Unit. Additional investigation

indicates that the problem is in the thermocouple {see Paragraph 3.3.4).

3.7.5 T & T Fquipment On/OFf Cyeles and Operating Time

The utilization through Rev 2004 of T & T equipment is summarized below:

Primavy Equipment On/ Cff Cycles Operating Time in Hours
5GLS 1 2,426 23%.10
T/R 1 9,898 506,18
POM L 10,240 656,36
PCM 2 2L 2,26
BGL8 2 39 1.27
T/R 2 1 9.43

2.7.6  Command

3.7.6.1 QFE Command System (ECS)

The BCH executed all required SPC in memory and real time commands.
The totel SPC commands loaded during the primary mission were PB3,501 of

which 129,830 were executed. The remainder were erased.

The ECS executed two gpurious real time commands at GUAM Rev T59.
The analysis indicated that thesge commands were not a result of discrepant
vehicle hardware but were caused by a deterioration of the up link signal

level.

Real Time Commend BER 97 (left Solar Arvey Position Drive-Stop) was
accepted and executed by Decoder B and 100 milliseconds laber Decoder A
accepted and executed one of three internal commands which resulted in
Decoder A belng placed in s non-real ~time state. During this portion of the
pase, the vehicle was at an elevation of approximately 1.2 degrees and &

range of approximately 880 mm. The pomipsl up link signal strength at the

L1
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vehicle recelver was ~75 dBm, based on a 50 watt transmitter output, 43.7 dBm
gain in the 60 foot antenna and ~165 dB space loss (combined space loss;
cable losg, and antemna polarizetion loss). Coinetdent with the anomaly

the down Llink signal strength experienced a drop of approximately 35 dB for
a duration of approximately 0.5 seconds. Assuming the up link was similerly
attenuated, the wvehicle receivery inpubt signsl would drop to the vieinity of
~110 dBm. A deecrease 1in signal level of this magnitude was up link
modulation, "8" pulses, present will cause the receiver bto sguelch. Under
these conditions the receliver will oubtput data and bit read pulses randomly
until sgueleh has been activated. Within s 0.5 second of the first accept

of the spurious comuend, there were 5 different occaslong where both decoders
gtopped outputting reject telemetry for a period of 5 bo 20 milliseconds
indicating the absence of "8" pulses From the VOIS Receiver. This also

indicates the receiver was in the proeess of sgquelching.

The following options c¢ould bBe implemented to minimize reoccurrernce
of thie situation:
L.  Limit period of up link modulation to greater than 5° elevation.
2.  Turn decoders off aflier the last command transmission on each
pass and before reaching 5° glevation gt fade.
3. Purn off 8" pulse modulation at known sintenna patbern holes.

L, TIncrease up link rf power levels.

The vellcle hardware, command system and VOIS were not discrepant
aince the anowaly occurred beyond the design baselines of 5% mindmm elevation
angle and maximum ragge of 850 mm. For the remainder of the T1light the
decoders were burned off 30 to 60 secorids before fade and no other spurious

commands were executed.

3.7.6.2 Minimel Command System (MCE)

The MCS executed all commands correctly during the primery mission.

e
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3.7.6.3 Remote Decoder/Backup Decoder

The Remote Decoder was used for esach of the five recoveries., The
performance of both channels was verilied from telemetry to be proper in

each casge.

The Backup Decoder operational capability was verified during the
health check.

3.7.6.4  Command Systenm

Usage summsry through Rev 2094
Total Operating Time

m (Hours)
BCS 3095.0
MCS L0
Remote Decoder 13.77
Backup Decoder 0.05

L3
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3.8  MASS PROPERTIES

A history of SV mass properbies throughout the flight are tabulated in
Table 3-12.

5.9 PREFLIGHT WINDS ALOFT LOADS ANALYSIS

Table 3-13 presents a chronologlcesl tabulation of the pre-launch winds
aloft loads enalyses for 8V-9. The resulbs are plotted in Flgure 3-6
The analyses are based on observations made at the Vandenberg Alr Force

Base using Rawinsonde balloen soundings on the 28th and 29th of October 19T4.

The T-2h hour simulstion awmalysis resulted in a "hold-contimue écount”

recomuendation due to excessive booster TVC fluld usage.

The T«12 hour anslysis agsin indicated excessive use of TVC fluld and
also indicated that the TVC fluid dumper time off constraint was exceeded

and the recommendation was "hold-conbtinue count”.

The T-8.5 hour analysis showed the TVC fluid usage within limits; however,
the T™WC fluild dumper time of ' was excessive resuliting again in a recommendation

of "hold-coptinue count”.

The succeeding T-6 and T-3 hour analysis indicated that all parameters
were within acceptable limits. Consequently, the recommendation was "go

For launch”,

3.10 SOLAR ARRAY

Deployment and erection of the left (-Y) solar array is shown in
Pigure 3-T7 and for the vight (+Y) solar array in Pigure 3-8. The arrays
were deployed at the Tirst station pass, INDI. Since #18° is the initisl
vosition and is the optimum for the range of beta angle (9 to 12.5 degrees )
flown during the baslc mission, no repositioning of the solar arrays was

done untll the solo experiments.
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TABLE 3-12
SV-9 MASS PROFERTIES

CENIER OF CRAVITY CMERT OF FROLUCT OF
—— ‘?ifft _ (mcies) i} {s1ug-tt=) {mlug-24=)

i ¥ g I, 1, 1, Ty Tep I,
At Loweh 26163 1970.9 1.06 3,10 760k 213817 213806 ~1092 -0 =69
Sepnrsted from 82 23162 19815 137 347 8516 182206 16z180 ~100h Eac ~Th
Arraye Deploped +18° 23162 19817 1.7 3276 6690 183328 184380 <1041 ~1058 BT
Bfter <f Scbesatellite Bjection eRb0 1965.8 2.82 k15 (355 1TH0R 1BU6TE ~15¢ ~21 ~165
Afrer +Y Subsatellite Bjection 20000 1990.8 1.2% 4,85 6189 IT58TL 176065 ~1018 -110 -55
Prior to Drep 1 21k32 1974 - 554 6081 17863 1TEhEL «1206 32 59
After Drop 1 19888 2000, 7 1,36 4,63 5883 L 146863 ~g76 ~ 12l w5l
Priar to Teop 2 18812 1982,3 Tobd 5.0 5808 143385 Tde358 ~1093 ~1343 60
After Drop 2 12T 2003.7 1.57 .66 5605 120206 123358 -973 ~2359 .54
Atter Dnep S 26806 20L2,1 LeB3 558 SkTR 100456 10968, ~B9T ~1198 62
Prier o Drop 3 16102 1997.0 1.78 5.88 shé1 0T 10REIE - ] ~Eog ~£5
Atter Deop ¥ LhS68 20171 1.87 k.67 5263 93718 95054 870 ~1ho3 ~56
Pricr te twop b 13586 1998.6 2.0 5.81 5020 88961 90299 =583 ~1365 ~53
After Drop. & 12063 201h.6 2.27 h36 5023 82768 BLpbE 8oz ~1506 w5k
Prigr té Tebosst 11887 2032, 2,30 by 5022 81681 83350 ~5aT -1935 -55
End Debesss 11605 2008.2 2.36 bosh 5025 fale vzl Bikod 531 ~1980 55
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TABLE 3-13
WINDS ALOFT ARALYSTS SUMMARY

BELTO0N RKELEASE TOVE
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730 | w12 1 78,5 | meg [ 73 T-0
3800 RUN AT 37C TiME
T2k T-8.5 T-6,0 T-3 7] e

SV Structural Loads:

Bending Mom, % Limit Load 93,23 60, Ol 62,79 56,63 57,33 61,19

Gritical SV Station 1,502, 1,902, 1,802, 1,902, 1,908, 1,902,

Elepsed Time, seconds 26,2 16.85 18,38 16.58 22,66 53,42

Altitude, feet 8,000, 3,398, 3,999, 3,336, 6,000. 33,001.
SRM Bide Force:

% Allowable 67.51 79.66 81.43 65,97 53,57 58.36

SEM Number 2 1 1 1 i 1

Piteh or Yaw Yaw Piteh Pitch Fiteh Piteh Piteh
TVC. Usage for Control:

% Allowable Expended 133,63 115,34 96,65 75,85 70,18 81.39

SRM Number 1 1 1 1 2

Bxpended, pounds 2,00k.5 2,238,811 1,875.921 1,472.3 1,236.6 1,579.78
Vehicle Regponse

Maximm og, % allowable 81.58 L8, 6l 27.1% 26,79 2642 32.73

Meximm oq, deg-pst 2,738.55 | 1,692.73 930.9 937.6 o2k,61 | 1,k05.15

Elapsed Time, seconds 39,38 29,52 29,7 29,47 20,54 53042

Altitude, feet 18,150.3 110,139.2 110,318, 10,113, 10,156. 33,000,
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5V EENDING MOMENT - SHEA CONSTRATET
BRM BITE PORCE

TVYC. CONTROL FLUID USEAGE
ALPHA € BAR
IVC DUMPER OFF

BOIBTER CONBTRAINIE

ol
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Flgure 3-4
Critical Launch Parameéter Bummary
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3.11  THERMAL CONIROL

3.11.1 Mid and Forward Bections Inecluding MCM

The flight temperatures of the Mid Section, Forward Section and MCM
are summarized in Table 3-1h4. This data indicates that the average section
temperatures were well within the required desipn limits., No design changes

are fortheoming as a result of BV-9 flight experience.

3,11.2  Active Thermal Control (ATC)

The ATC reference temperature in the Mid Section experienced a range of
arprozimately 5°F (Figure 397, The change in orbital beta angle that
pecurred during the flight would, by itself, have produced an obvious
change in temperature. The seascnal change in solar constant in conjunction
with payload activity could aceount for the variations experienced during
fiight. The RV heater control zones, which are setively controlled to

the reference temperature,; were generally at the desired temperature.
3.11.3 APt Bection

Acceptable ATt Section temperature control was meintained throughout the
flight. ALl equipment temperatures remeined within design Llimits as showm

in Table 3-15.

The thermal design of the 8V-3 AFt Section was the same as SV-8. The
resulbing flight temperatures were similar to §V-8 at the bete angle range
of § to 12.5. There were no thermsl anomalies.

Figure 3-10 shows orbit average flight temperatures with pre flight
predictions made for two cases: (1) uncontamineted surface properties
and (2) contaminated properties representative of the maximum levels of
contamination observed in previous flights. Booster econtamination

degradation appears to be similar to that of other flights.

50
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TABLE 31k
THERMAT, DATA BUMMARY

section | Fermeter | pUE | actmas
Troa ho/o1 T2
Ig;gtion TSU b1/93 T
Tsy ™ Twea 5/-h e
Forward TFWD lﬁ/ 93 72/ 80
m Section TFW]) N TT{;A +00 0 /8
Tone 32/69 55
MCM Top 30/85 51
DBS Parel 32/90 63
DEFINITIONS
T’I‘C 4= Orbit sversge redisetion temperature of the TCA compartment structure.
TSU = Qrbit average radiation temperature of the SU compsriment structure.
T}?m} = Orbit average temperature of each Forward Section bay based on the

average temperature »f the bulkheads.

TENC = Orblt average tewperature of the MCM enclosure.
T‘I’P = Orbit average satelllite recovery vehicle take-up Lemperature.

Temperatures are in “F.

* Based on orbit average temperatures from Rev 279 (stabilized thermal
conditions). During remaining vportions of the flight these temperatures
generally did not change more than 2°F.

5L

—TOP-SEEREF—H-

Approved for Release: 2025/06/18 C05137287




C05137287

Approved for Release: 2025/06/18 C05137287

FOP-SECREF/

T i sesisco s s . s S
2
‘ o
@
]
@
o -
P
¢
& -
®
@
L [
L o
o g — — =
®
. ]
&
FIRN
SRS U U L S — - ]
L] ™ i
OT =
. -
®
®
’ oooenond
&
®
. wonmmemnet
@
¢
Y i
“mww’ﬁ; P
"
®
. oot
o
@
® P
| ] ] ]
0 & © (] = g2 & %
£, - Ty
58

Approved for Release: 2025/06/18 C05137287

BIFOO3W/2-091834~T5

12¢

pRw e

e

LIFT-OFF

4g 60
DAYS FROM

20

Figure 39
5Y.0 T ¥ Higstory




C05137287

Approved for Release: 2025/06/18 C05137287

—]ZBP—S-EGR-HH— BIFOO3W/2-091834-T5

TABLE 3-15
APT SECTION CRITICAL COMPONENT TEMPERATURES (°F)

o Design 579 -y
Critical Component Limits Predictions Actuals
— (1) (2)

Power Distribution Juncition Box -30/165 8o 76/90
Charge Currvent Controller 2 ~30/l70 90 9§/l06
Type 29 Batteries Bay 3 35/70 48 (3) 43/49
Type 30 Battery 30/90 48 (3) h/s1
Type 1 Batteries 40/90 L8 (3) I f5h
Type 29 Batteries, Bay b 35/70 L8 (3) b3/51
Horigon Sensor Assembly Heads 0/130 GT/TL (0) T7/87
Tnertial Reference Agsembly 50/l30 g7/10% (&) 104/117
Pulse Code Modulator Master -30/170 8o 80/110
Tape Recorders 20/120 7 78/9h
Transmitters ~30/170 77/85 80/110
Extended Command System Clocks Lo/153 98 /104 100/107
Programmable Memory Unit A -50/1h5 86 80/g2
Programmable Memory Unit B -ko/1k45 56 B7/10%
Inertial Reference Assembly Gyros SO/EOO e 139/168
Minimal Command System -ho/ikg 7L 70/81
Reaction Control System Tanks ho/1ko 73/83 TO/100
Plumbing Bay 6 35/140 8o/82 18/10%
Plumbing Bay 12 35/1L40 B4 /o2 T7/101
Orbit Adjust Tenk 70/100 83 T1/99
Popitional Drive Asgembly =30/160 60 55/98
golar Arrays =125/p25 J—— -87/157
quad Valve 40/200 - 108/193

(l) Predicted temperature 1is for the orbit average; multiple temperatures
indicate multiple points.

(2} stabilized temperature ranges not including latich Hransients.

(3) Temperature controlled by heaters.

(k) Pred%ction assumes dusl IRA operation {Primery AUS and Redundant IRA
only).
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3.12  SHROUD SEPABATION

Four pressure transducers were installed in the shroud in an attempt
to determine 1If a pressure exists in the shroud at the time of separation.
The transducers were calibrated to read O to 0.5 psia and did measuie
a change of that magnitude; however, the sensing element cannot hold the
calibration for the length of time between the last possible calibration
and launch., The data did not prove either the presence Or absence of
pressure at separation. Since no suitable instrumentation is kmown, thisg
line of investigation for the cause of the apparent initisl scceleration

of the shroud will not be continued at this Time.
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SECTION IV
PAYT.OADS

4,1 SENSOR SUBSYSTEM

4.1.1 Coarse Film FPath

Both coarse Tilm pathe {supply, loopers, steerers, arbiculators and

take-ups) exhibited nominal operation throughout the mission.

4,1.2  Fine Film Path

Both fine film paths performed nominally throughout the mission.

4,1.3 Command and Control

The command and control subsysten Tunchioned normally throughout the
mission. Ou-orbit Adjust Assembly (OOAA) and exposure adjustments as
determined by post £light analysis were made.

b.1.4  Optical Bar Performance

Mechanical asnd optical performance of both eptical bars was nominal
througheout the mission with the optical performance of the aft looking

camera beling superior at all times.

k,1.5 Pneumstics Subsystem

The prneumatics subsystem performed normally throughout the mission.

k.2  TERTTIARY PAYLOADS

[::::::::] Vehicle support of the system (power, commands, telemetry, tape

recorder, thermal enviromnent, etc) was provided satisfactorily in accordance

with the system reguirements. ¥#ive calibrations were successfully

accomplished through Rev 1T701.
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k.3  SUBSATELLITES

Two subsatellites were carried into orbit on BY-9, A 599 pound
subsatelllite systemA(ﬁhl.Q pound separable) was carried on the Y sgide
of the Forward Bection. Separation of this subsatellite oecurred at
Rev 13.5 following an SV yvaw maneuver of -26,.9°%. Separation occurred at
a 15% south latitude on a descending mode. A1l subsatellite separation
gvents occurred in the normal sequence within specified limits and the

subsatellite went on to achieve ite degired orbit.

A 620.9 pound SAMBO 83-1 Subsatellite {608.6 pound separable) was
carried on the +Y side of the Forward Section. Separation of this
subsatellite occurred at Rev 15.3 {56.8° north latitude on a descending
mode} following a 18.73° piteh down maneuver of the SV. 'The 83-1 Bubsatellite
separgtion sequence was asccomplished within desired tolerances and constraints,

and the subsatellite achieved 1ts intended orbit.

hol MAFPING CAMERA SUBSYSTEM

The operation and performance of the fifth 8T Camera System flown on

V-9 is considered excellent.
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SECTION V
REENTRY VEHICLE SUMMARY

5.1 SUMMARY

The recovery statistics are shown in Table 5-1 and Figure o-l1.
Performance of the RV subsystenms is gumerized in Table 5-2. ALl RV
on=-orbit and reerntry events otecurrved as planned and the RV flights
followed the predicted trajectories. ALl four recoveries terminated in

aerial retrieval at locations near the PIP.

The take-up core ping were sheaved only on RV-2. Aerial retrieval

loads exceeding the core pin gtrength are expected.

All subsystems performed satisfacborily and met all mission

requirements, see Table S5-2.
4.2  HREENTRY VEHICLE FERFORMANCE

A1l RV on-orbit funetious were normal and occurred on time. The 5V
provided a satisfactory pliteh angle for each RV geparation. ALl other

SY/RV interface funchions were nominal.

The BEVs were adeguately spin stabilized during the vacuun coast
vhase and aserodynamically stable during the atmospheric phase ¢f the
reentry trajectory. PFlgure 5-1 shows the entry conditions at the time of
drogue deployment which are also within the design envelope. Fost flight
examination revesled two recovery operational variances which are noted in
Paragrarh 5.3. RV-4 was not availsble for inspeection in time Tor this

report; however, all svailable data indicated nominal satisfactory performance.

58

FOP-SEEREF—H-

Approved for Release: 2025/06/18 C05137287




/82/£1500 81/90/G20C :9ses|9y o} panolddy

7 1

66

TABLE Bl

BV BECOVERY SUMMARY

BV-1 -2 i RV
RY Seriel Number 37 38 39 ho
TRecovery Hev Baber 30 8ol 136 v
Recovery Tate 17 November 19Th 23 Levember 1974 21 Jsmary 1975 T Haveh 1975
Paylond Welght (1b) (Messured
Weight From Recovered RV}
Forwwrd 230.6 25¢.8 o= feo A
Aty 230.% 226.7 e LR £1T.0
Unbalupce Percent G.1 1.5 BT 4,1
Y Orvit, (hy ¥ Bafep)* B7.9 % 164,6/136.6 BT % 153.3/106,6 87.9 x 180.0/180.5 BE.2 % 151.7/10%,3
BV Fiteh Argle {degree} ~3%.1 =372 ~3TT ~39.6
Newinal PIP Tatitude (°F) 255 23.0 8.0 18,0
Impest Locstion Brror {EFPD
Versus Teapot Bveluation)
Gwersboot () 8.0 5.1 18.5 T.5
UnGereboot. {am)
Gross Track {m) 6.2 E 0.5 W 3,1 E 2,1 %
Heuwtvery {Aerisl}
Adtituge (£) 74600 13,350 134900 12,700
Parschute Condition Neormel Hegrmed 1 cofie & 1 walin tesr 1 done & 2 mein tears
Retrieval Pops 2 1 1 1
e/ Fayload Conditiom Good Besord, Sood Greasdd
® me e Altitude of Perigee (nm), be = Altitude of Apopes Tem), wp = Argument of Perigee {feg)

/ 1
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TABLE 542

RV BUBSYSTEM FERFPORMANCE SUMMARY

RV SUBSYSTEM/FUNCTION

PERFORMANCE ABSESSMENT

Normal, 0
+0°F
i -
o TPL Container TREF -5.6°F

On Orbit Thermal Protection o Power Usage (Watts/RV)
- MesrLmum 19.3 (First day in orbit) E
<o Stabilized 7.7 (Winth day in orbit) &
= Allowable 20
A4 Trim and Beal Normal¥*
F:; Normal*
== ; AT et T 3 o All batteries sctivated.
= o Electrical Power and Distripution o All voltagss &t least 24,8 volt open eircutt -
e voltage. -1
~{. Structure Normal¥* s

Pyro Subsystem Nornal#
= Spin Stebilization Tormal

Ratro Motor Normal

Tracking, Telemebry and Instrumentation Normal

Heat Shield Normal

Base Thermal Protection Normal#*

Secuential Normal#*

Recovery Normal

* RV-4 not aveilaeble for post flight inspection at #ime of rewors. Insveciion expected 4o
prove norpal performance similer to other RVs,

SL-4EQT60~2 /MEO0ITH

LB8CLETSOD
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5.3  REENTRY VEHICLE SUBSYSTEM PERFORMANCE

Post flight analysis indicated that aerial retrieval of RV-2 and RV-3

resulted in marginal recoveries.

o RV-Z Damaged Load Loop
On RV~2, & retrieval hook tine split the two ply load loop and
a single ply of webbing carried the entire load. The ply was
severely damapged since the design is based on engagement of
both piies., Fallure would probably have resulted in reinflation
of the parachute and a2 water recovery. Redesign of the hook
tine from the current 0.125 ineh radius to a larger radius would

miniwize this type cceurrence bubl could dntroduce other problems.

o RV-3 Main Parachute Retrieval Hit
Review of the recovery airveraft film coverage of the RV-3 retrieval
showed the lower load loop and hooks made combtact with the main
canopy instead of the cone and were responsible for the
excessively torn condition of the maln chmte. BRecovery was
made by hook engagement of the 4,000 pound parachute vent band
instead of the 18,000 pound load loop. A sudcessful récovery
ugsing the parachute vent band is nolt considered reliable. If
the hook had torn through the band, reinflation of the parachute
would have been unlikely and could have resulted in less of

the RV.

5.4 STELLAR TERRAIN RECOVERY (RV-5)

®V-5 (9/8 1805) was successfully recovered on Rev 958. Recovery
statistics are shown in Table 5-3. All RV subsystems performed normally.
The SV provided a satisfactory pitch angle after & yaw reverse and all

other interface functions were nominal.

( 6
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The predicted impact point (PIP), the estimated point of parachute
deployment (EPPD) and the alr snabch point are shown in Figure 5-2. The
miss distance between the PIP and EPPD was caleulated to be 0.49 nm short
and 1.03 nm Bast of the ground track. The capsule was recovered at 14,600

feet on the first pass.
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TABLE 5-3
ST-RV (RV-5) RECOVERY SUMMARY

Recovery Rev o958
Date 27 December 1975
Payload Weight (100%) £7.82 pounds

8V Recovery Orbit

Perigee (mnm)/Apogee (mm)/Argument Perigee (deg) 87.26/151.96/116.6k4

9V Piteh Angle (after yav around) (deg) 6l T
PIP EPPD Air Cateh
Latitude 23° 59,7! 2 ® 00! 23° 591
Liongitude 149° 07,2 159° 06! 149 00!
Altitude e - 14,600 £
6l
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IRTRACK DISTANCE - W
0.49 KM SHORT

TRUBSRACK DISTANCE - NM
1.03 WM EAST

Figure 5-2
ST-RV {RV-5) Recovery Locations
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APPENDIX A
GLOSSARY OF TERMS

ACS Attitude Control System
ATC Active Thermal Conbrol
BV Booster Vehicle

BV/SY  Booster Vehicle/Satellite Vehicle

DBE Doppler Bescon Systen

BCE Extended Command System

EDAP Electrical Distribution and Power

EPPD Estimated Point of Parachute Deployment

— FCEA Flight Control Electronics Assenbly

GFE Government Furnished Equipment
H/S Hordizon Bensor

HSA Horizon Sensor Assembly

TRA Tnertial Reference Assembly

LB IT Lifeboat

MCM Mapping Camers Module
MCB Minimal Command Systenm
04 Orbit Adjust

UB Optical Bar

O0AA On-0Orbit Adjust Assembly

PACS Primary Attitude Control Bystem
PCM Pulse Code Modulator
POWN Plteh down
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APPENTIX A (Conbinued)

PFA Post Flight Analysis
PIp Predicted Impasct Point
PST Pacific Standard Time
RACS Redundant Attitude Control System
RCH Beaction Control System
REA Regction Bngine Assembly
REM Reaction Engine Module
Rev Revolution
RV Reentry Vehicle
8BA Satelllte Basic Assembly
SECQ Stage II Engine Cut-=0ff
Sep Separation
. SGLS Space Ground Link System
SMCD Spin Motor Current Detector
Solo Systems Bngineering Test after fourth RV separation
3PC Btored Program Command
SRM Solid Rocket Motor
85 Sensor Subsystem
S8y Subsatellite Unit
8T Btellar Terrain
3T-RV Stellar Terrain-Reentry Vehicle
8v Batellite Vehiecle
T/R Tape Recorder
TF & € Telemetry, Tracking and Command
e Thrust Vector Control
VoI5 Vehicle Command and Transponder Set
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