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FOREWORD

This report describes the performance of the ninth
HEEBGON Progrem Satellite Vehicle (8V-9). The vehitle was
leunched 29 October 1974; and after a 129 day primary
migsion and an 11 dgy s0le mission, was deboosted on Rev
2274 on 18 Mareh 1975.

This report doss not explicitly cover the solo
mission; however, results Trom solo are ussd as approprigte
when they contribute gubstantielly bo the understanding
of primary misgion events.
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BECTION I
SUMMARY

1.1 INTRODUCTION

The ninth HEXAGON Satellite Vehicle (8V-9) was plsced in a 85.% X 156 mm
orbit by the Titan ILID booster 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 stabllization of the SV sllowed the ipitiation of
deployment of the solar arrays at the first station contact, INDI. The 88U
(-¥) 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 recoveresd on Reve 310, 894, 1364 and 200k which
veeurred 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 Bysbem. All the mapping camera operations
were normal amnd 100 percent of the {ilm wds bransported to RV 5 which was
aeriglly recoverad on Hev 958. BSolo tests weré run and the 8V was deorbited

on Rev 227k (Auring Mission bay 1l1).
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SECTTION IT
MISSION OVERVIEW

2.1  PREFLICHT PLANNING

Migsion 1209 was the third of the HEXAGON Block IT wvehicles and
panorsmic cemers systems. No special 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 seperdtion. ALl four RCS Tanks were filled and supplied the thrusters
throughout the flight with no transfer of fuel from the 04 Tank.

2.2  PREFLIGHT 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 cyecle with every
third orbit adjust {(OA) to be a positive and negative burn For close
control of perigee argument.

2.2.1 Panoramic Cgmers System Congtraints

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

B. No 30° scans at 245° scan centers.
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2.3 LAUNCH BABE

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

opening of the launch window.
24 ASCEWD

The BV successPully injected the 85Y into an 85.50 X 156.00 nm orbit.

The targeted and achieved orbits and deviations were as follows:

Targeted Achieved Deviation
Apogee Altitude {num) B7.270 85,509 ~Le 765
Perigee Altitude (mm) 152,535 156,002 +3.467
Period {minisec) » 88:53,82 88:57.60 0:03.78
Becenbrielty 0.000238 0., 009909 +0. 000671,
Argiment of Perigee {degrees) 158.585 168,557 9,072
Inelination (degrees) 96,768 96,692 «0, 096

The deviations excepﬁ ineclination were corrected at the first OA on Rev 63,
2.5  ORBIT AND RECOVERY

2,5.1 12091 (Wineteen Days Duwration)

On V-9, the DBS Antenna was deployed 2000 seconds after liftoff. Seolar
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 +0.0 degrees no repositioning was necessary. The
38U Subsatellite was ejected on Hey 13 and the 53-1 Subsatellite wasg ejected

on Rev 15,

Operational vhobography began on Rev 6 following suecessful completbion
of consbant velocity and health checks. Approximabely 20,500 feet of film
per camers (inclufing the pre-launch footage on the take-up) were exposed and
stowsd in RV.1l,
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Post Flight analysis (PEA) of the recovered film showed the overall
guality of the acquired photograrhy to rvange from very good to poor with the
majority rated as falyr to govd. The poor imsgery was abtributed to hazy
or inclement weather. There was s definite preference for the aft camers

imagery when compared to the forward.

On-Orlsit Adjust Asgembly {(008A) adjustmenty wers established for the aft
loocking camera to correct a skew angle error determined by subjective

analysis.

2.5.2 1200-2 {(Tairty-8ix Days Durstion)

Normal opsrational phobography conbinued throughout this segment. The
FFA determined O0AA adjustment on the aft tamers wWag Implevented on Hev 350.
Approximately 29,500 feet of forward-looking camera film and 26,900 feet of
aft-looking camera film were exposed and stowed dn RV-2. This inecluded

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

FEA showed overall gquality of acguired photography to range from very
goof to poor but with the majority rated as good. Aft-locking camera
performance coptinued to be better than that of the forward-looking camers.
The poor dmagery Tor the most part was attributed to hazy or inclement
weather. The quality of the color photography (80-255) compared to previous
color rapged from good to faly with the majority rated good. The S0-255
mgterial hsd sn apparent underexposure of 1/3 to 1/2 stop, and & three count
{0,130 Loz B) expdsure increamse wis wade on RVe3 for the remaining S0+255
material. In addition, & one command step advance of O0AA on the forward-

Looking camera was determined to be required.

2:5.3 1209~3 (Twenty-Nine Days Duration)

The Panoramic Camera System exhibited 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.

JOP-SEEREF-/ H
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Approximately 28,510 feeb of farward-locking camera film and 27,500
feat of aft-logking camera 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) Fiim.

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

conparable to previous winter missions.

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

Normal vhotographic operation was obtained throughout this segment

with no snomallies or melfunctions.

Forward and aft-looking camera £ilm depletion occurred on Rev 2086

and Rev 2090 respectively.

Approximetely 29,250 feet of Forward-looking camera film and
approximately 27,750 Teet of aft-looking camers film were exposed and
gtowed in RV,

PFA sghowed imsge quality to range frowm very good to poor with the

wajority rated falr. The quallby was comparable to previous winter

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

RV=3,
2.6 ANOMALY SUMMARY

Significant anomslies are listed chronoclogically in Table 2-1. The
list includes a brief description of the anomaly and its effect on the

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

paragraphs .
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TABLE 2-1
SUMMARY OF ANCMALIES

T ' Ref
Day Degepription Impact GIErenece
Payagraph
N REA Temperature Moniitors Bagie for thrust comperison changsd. Redesign 5ol
erralic, apd improved inspection for Hloek IIT. ot
Srurious 13 TAD . . " ) R
2 Spurious command to tape Commend sequerne porveched. Ho date lost. TR
yecoorder.
X . Wealo urillck signal at 1.2° elevstion angle.
\ OGS execubted Bwo spurlous e - ; B o Te s
47 X., " P Decoders turned off 30 - A0 peconds before 3.7-6.1
SORMANES . - ) ¢ e s
Tade reat of misaton.
= Damacged HV«Z parachite C o s " . .
54 mam_ﬁ B " Wo mlggion fmpact. Hook tine split webbing. 5.3
load loop.
) . A 3 ardl REA T uy nog induced pitceh which
. High roll rate during Camere I{_C 3 rriq??}z 1; Yibalan :a:nﬁl & p h wWhilch o
L A ome with one OB suppressed Foll control. Bipgle OB mono ops Fesd
(4 H N ) curtadiled untll transfer to RUB 2,
. Transfer to ACE 2, Falled ZE4 is Bloek 1
S8 dohihd 1de. Ro i N . . 2.3 d
69 % 12-312?3&?&113 b tuéil desigh, Unrirective modifications mre in 3 3 % Zm”
d BLUE BLLIRUGSL | pioek TI unlts. e
RER 7 e d trans . 4 . .
TG lea.}c‘ val L Llent Belf healed in one rev. Ho misslion twpact. P
i REA 22 By T and © sericusly Transfeyr t? RCS 2, Thruster degradation was 3,51
o degraded, a8 arpested,
as BV 3 Main Parschute hit - Endangered RV recovery. No other mission 5.3
parachube torn. Lmpact. "
ok Horizson Senscr modn Moon induced signal produced piteh., To 3.2,9
- intercept. misaion impact, e
136 IR& Fdllure 5o starh, Salo test. Fallure undsr study. 327
) . 3 sle Lunk . 4! % el { Y
140 FCEA failure. Vericle tumbled. Deboost with Lifeboat IT 1.2.8

Failure under study.
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SECTION TIX
SATELLITE BASIC ASSEMBLY SUBSYSTEMS

3.1 IHNTRODUCTION

The following paragraphs suvmmarlze the performéance of the Satellite
Basic Assembly (SBA) subsystems ms verified from flight deta.

3.2 ATTTTUDE CONIROL sysTeM (Acs)

The ACS performed within specification. Low forece level RCE thruster
operation and & PACS HSA innibit dmpacted paylosd operations as described
in Paragraph 3.2:%. An IBA and FCEA fallure vwhich cecurred during =sclo
are described in Paragraphs 3.2.7 and 3.2.8,

3.2.1  BV/SV Sevaration

BV/SV separation was completed at spproximetely 534.0 seconds vehicle
time {vehicle time started 67.206 seconds pricr to 1iftoff). Master Clesr
Off, which enablesg the piteh, roll and yav integrabtors to sccumulate angle,
was ab 501,58 seconds and SECO, which terminates BV abbitude control, occurred
gt 522.0 geconds vehlcle Pime. The 5V sttitude 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 8V
attitudes and rates came back within the gpecified limits following BV/SV

separation,

o

11
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THELE 31
TOOSTER VENIOLE/SATELLITE VEHICLE (BV/SV) SEFARATICN

N N s S s S LAV RE
FATE AT TG (DEOREes ) J— -
hes (deg/sec) [H/E at on SECO t5 Gon ATTLIUDE RATE
i Actusl (5) | Spec | Ackusl (2) | Specifisd | Actual
Spec | Avtusl | Spec | Actual | Spes #ig/ {13 {Time in (3) {(Time in
‘ Integrator | {deg) soo ) {dap/sec) seo )
5.0 ; -
Piten | 20,752 | ~0.20% o | =0,98h | £3.5 | ~0.76/ 1.8 20,70 (&3 250k {6}
-1, 7
Kol 20,786 | 0840 {1410.6 | 3.20 | £3.5 | L.B/1.80 | zo.T0 {&) 20,081 {6}
T e - ,
Yaw | 20,758 | 0.125 1 %o o o | -—-=f1.68 | 20,64 (63 +0,01h (&)
w11k “3a 5

1) Abtitude 4m degress to be amchieved in 1500 seconds.
2} Aetual dime veguired to sohieve specified sttitude {ewiteh o fins mode + settling time).
3] Rate in degxeesfseo@né 10 be achdeved in 1500 seconds.
LY  Actusl time reguired to achieve specifisd rate,
5} Relative 1o thé local horizontsl.

6) HNominal performance indiceting the pointing requirements are satisfied was observed abt a
nopinal gettliing Lime of %20 seconds after the commanded switch to fine node (6?3 seconds
a¥fter separation). The tofal 119% seconds is well within the spec of 1500 sacords and
no closer gtudy was performed.
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F.2,8 Subsatellite/SV Separatiems

3.2,2.1  SS0U/8Y Sevaration
S8U/SV separation events of Rev 13 were as follows:

Veliele Tinpe

Event gee
Brapt Negative Yew Muboover TOZLT .8
Htop Yaw TO355. 4
Separation TOLLE . &
Start Positive Yaw Maneuver TOhse, b
Stop Yaw TOWTO. 6

The ACS parsmeters just prior to the instant of sepavation (T0L15.2

seconds vehlele ¥ime) ave presented in Table -2,

TABLE 32
RATE AND ATTITULE PARAMETERS AT S8U/SV SEPARATION

Parameter Specified Actual
Piteh Boriwzon Bsagop +1.0 deg +0, 12
Roll Horizon Ssnsor 1.0 deg 0. 80
Roll Integrator - ~0.16
Yaw Integrator e +, 02
Fliaeh Tntegrator i L LY
Taw Altdvude (~25,4 geg desirved) w26, 1 deg (1)
Piteh Gyro Rate (2) 0,1 deg/sec (3,00 deg/sec
Rell Gyro Rate 0.1 degfsec +0,03 deg/sec
Yaw Gyro Rate +0.1 deg/sec +0.02 degfase
Meximum Rebes Following Separation
Piteh Gyro Rate -0.07 deg/sec
2011 Gyro Rate +(L 22 deg/sec
Yaw Gyro Rete +0,04 dep/sec

(1) By rate integration of yaw gyro rate.

o {2) Geoccentric program rate is compecited.

~TOP-SECREF-/ H
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3.2.2.2 83/8V Seperation

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

Bvent

Start Negative Pitch Maneuver
Stop Piteh
Separation
Start Positive Pitch Maneuver
Stop Piteh

Vehicle Time
{gen)

78612.8
T8AR8.8
80032,k
80033.6
80059.6

The ACH paramesters just pricr to the lunstant of separation (80032.h

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

TABLE 33
RATE AND ATTITUDE PARAMETERE AT 33

Parsneter Specified
Roll Horizon Sensor £1,0 deg
Relld Integrator -
Yaw Integrator J—
Piteh Integrator —
Piteh Abtitude {~18.3 deg desired)
Piteh Gyro Rate (2) £0.1 deg/sec
Rell Gyro Rate 0.1 deg/sec
Yaw Gyro Rate 0.1 deg/sec

/8V SEPARATION

Actual

(.02 deg

+0. 0l deg

-0, 12 deg

«~. 12 deg
~19.0 deg (1)
-0.001 deg/sec
+0.001 deg/sec
-0.001 deg/sec

Meaximuw Rates Following Separation

Piteh Gyro Rate (%)
Roll Gyro Rate
Yaw Gyro Rate

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

(3) Piteh maneuver immedistely follows separation,

1h

TOP-SECRET- /
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2.3 Payload Operations
| (b)(1)
3

b. An out-of-gpec roll rate was obsevrved For the Camera 1, Side A

operation (BP E68) on Rev 1026. The estimated RCS force leévels were as

followss
Thoust Valwe 1 3.3 1b Thrust Valve 5 2.6 1b
Thrust Valve 2 2.7 1B Thrust Valve 6 3.5 1b
Thiust Valve 3 3.8 1b Thrust Valve 7 1.8 1b
Thirust Valve & 3.8 1b Thrust Valve 8 2.7 1b

The positive roll rotation of the A side opbical bar creabes a negative
regponse in vehicle rate. This reguires Thrust Valves 3 and 7 to fire to
counter that negative voll rate., Silnee Thrust Valve 3 foree 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 bhe initial roll disturbatice. BRoll disturbances in general will excite
the gelsr array, and the 1O0-szvond period of the solar array is gquite evident
during much of the operation. More normal RCE thruster forde levels

(abouﬁ 2.5 poundg) would ellow 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 BCS thruster forece levels below 2.5
pounds; howvever, & more ressonable force baleance 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 ¢loging of the shutter on
the last frame. Steady state operatlion is asgumed to have occéurred one
second prior to the Pirst freme reference timé of 2111377.609 (L33656.0
seconds vehicle tim@)‘ Rate spec mugt, therefore, be met subsequent to
L433662.6 geconds vehicle time. The maximim voll rate during this time was

~0.029 degrees/second.

¢ The HEA dnhibit that ccceurred on Rev 1113 caused logs of the roll
hordizon sensor signsl until transfer to RACS on Rev 1118. The inhibit

_TOP-SEERFF—/ H
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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.

MAXTIMUM ATTTTUDE {DEGREES)
Rey (vzg;c;}g ifn;e) Fiteh (1) Roll (1) Yow
Horizon Bensor Horizon Sensor Integrator
1113.5 58505 ~ 5BER6 +0, 50 ~0,20 +0.13
11k b 63910 - HI09 0.0k -0.16 B 0.5

(1) - Prom RACS,

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

thet may have beesn bevond the 0.6L desree vay attitude pointing requirement.

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

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

attitude vill diverge oscillatory with a period of 2T . In
& typlecal simuletion the amplitude reached six e degrees
after two orbits.

e If the piteh horizon sengor signal is lost, linear stabllity

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

of gravity.

& plot of the RACS roll horizon sensor oubtpub 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., DLingar stability was maintained in piteh during the 5 rev gpan,

a8 the maximum offset observed was 0.36 degrees.

16
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BOTE: S0lid lines are flight data. The dashed lires are date intarpolations 4o bebber
ghow the probable performence during the HBA inhibit.
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Figure 3~1
Roll History Following HSA Inhibit
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de A stellar photography experiment ‘wag supported on Rev 1769, The
11 frame sequence (each side) was done while the SV was performing a positive
pltch ganevuver. The center of forweb was dubended bto oceur st B5.7 dsgrées
gouth latitude agending which was POOLG3.Y seconds vehiecle time. The piteh
gyro rate was integrated frowm the beginning of the pitch maneuver to
2O0LE3.5 seconds and the estimated piteh abtitude was 163.9 degrees. The
Jesired angle &t the wid point refervence time [(RO0LE3.5) was 170 degrees. This
would vesult in pointing the A side camera 180 degrees from nadir at the time

of interest.

3.2.4  Mapuing Cemers Module (MCM) Operations

2.2.0h.1 MOM Calibration Mansuvers

The calibration maneuvers oh Rev Okl consisted of a negabive piteh
seneuver of 167.0 degrees, followed by four inertial periods, one for esch
ecalibration. The durations of the inertigl periods were 177, 177, 17T, and

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

A positive plteh maneuver was performed after the calibrations to return
to nose forward horizontal flight. Upon return to geocentrie control
{(horizon sensor comnect) the piteh offset was ~2.4 degrées indiciting
successful execubtion of the ecalibration sequenceé. Table -4 presents the

four ealibrations.
2:2:4.2 MM Recovery

The ST-RV (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 paremsters at RV-Y separation (vehicle time
71393.8 on Rev 958) are listed in Table 3-5.

32,5 Recovery

The piteh down mapeuvers preceding BV-1 through RV-5 sepsrations were
all within specification snd sre summerized in Table 3-b. The RV separation

performance summary is shown in Table 3-7.

_TOP-SECREE- /
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TABIE 3ub
MAXIMUM VEHICLE RATES DURTNG MCM CALIBRATION

Durstion Vehdele Time at Setiling yﬂ%ﬁ?g@g@@ ,g‘gﬂﬂfﬁﬁ}g{%’ﬁm
Calibration T bo BT Frame 1 Tome deeot it At enk
{suc) {soc) {sec) Piteh Roll Yaw
. Lol .
1 166 821797.385 3%‘;%@%3 -0.005 ~6.010 -0.002
2 156 802330, 000 2.6 0.007 w0 OO0 0.001
3 156 Boof8s, 201 P1.6 L 00T G, 002 3001
4 ps2 (1) BeikeT. 200 2.6 0,007 03005 5,001,
Hot to exceed 000
T st — - i 5.0
SBpeaified 300 AlTowed 20, 0L 0, 081 2, 0Lk

1) Tme from stert of piteh down maneuver o Frame 1.

2} Time Trom removal of geocentriz rabte to Frawe 1.
3} Time from §T+ to start of peturn piitch meneuver.

TABLE 35
RATE AND ATTITUDE PARAMETERS AT RV~5 SERARATICH

hees _ ATFLTUDE (DECRRREST Rete
Tegired fetunl Source {deg/ese)

Fiteh -5k, 6 13,0 ~53. 4 OV 0,069 {13

Roll #1.0 3, Ol H/S )

Yaw 1.0 +(3, 18 Integrator ~0. 001

{1) Inelodes orbital rate.
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PYTCEH DOVN PERPURBMANCE PRECEDING RECOVERY VEUICLE SEPARATION

PITCE DOWN ANGLE e UL PITCH DOWN COAST RATE
BY/Rev Desired Anbusl Brac Avtusld C%mf}nd Cﬁﬁm Rize foﬁgt hate
5.0 deg {Fowm) {sec) {see) ( c‘xe;?’;:c} :\azi?;f;;i ﬁ{zgglaéﬂ’m@
/310 -3y, 0 =33, 1 150 dz.c ~0, 708 0. TH F0,08 -0, TL
2/60k «38,1 37 B 150 LR -0, 705 -0, 78 AR08 0T,
3/1360 «38,5 -3T,7 b 380 85,0 1, TOS -0, 20,05 -0, 70
L fe0ok <, & _w30,5 150 89,0 <0, 705 =075 40,05 -0 T
TARLE 3-7

0F

SIMMARY OF RV/SV SEFARATION PERFORMANCE

Plteh Up . i
T Paok Max, Piteh] Induced giﬁih Pollowing P hoh BY ROLL ANGLE
Piteh |Integrator | Impulse | ,oon | BV Sep t0 | Tnertis | Moment Noas -
RY/Rev Rate Angie By RV ; - Removal of | peter Sen Arm Hpec u’,f:"’
{dez/sec)| (dpgress) | {1b-sec) (o@p Manve Cmd {Egﬂg_ﬁg) {r&) {deg)l 7°
deg ) (des) , {aoa)
1/310 1,53 Go bt 185.0 ~373,71 99, L 145980 27,3 1.0 | -0,0h
2/8a0k 1,49 Ak 136,0 | -37.2 97,5 120006 21,8 11,0 | <00k
STARL S .3 131.8 =37.7 97.8 3718 17.5 £1.0 | -0.06
L /o 1.5k 75 153, 1 «30.6 40,3 {1) frreh 1.7 1.0 | 0,08

{1} Piteh up to borizontal Plight.

SL~HEQTE0~2 /ME0OTTH

Approved for Release: 2023/03/06 C05141848



Approved for Release: 2023/03/06 C05141848

__Igp__SEGR-E:F— / H BIFOO3W/2-091834 75

3.2.6  HSA 1009 Anomaly

The H3A inhibit deseribed in Paragraph 3.2.3 was a single head Axhibit
{te, roil) since the pitch HSA oubtput vesponded to attitude change wheress
réll remained clamped &t sbout 50% of telemebry bandwidth level. Control
was transferved to BACS on Rev 1118 with PACS enabled bo permit ohservation
of its operation. The sensor remsined Tn Inhibit unbil Rev 1129 when it
gycled in and out of Inhibit rapidly and then remg&ined out of inhibit
until Rev 1146, JTohibit then recceurred. From Rev 1148 o 1472, the HSA
dfd net exhibit the inndbit anomsly bub oecaslional 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.

Pailtre mode analydils and simtletion tests dndicate the most probable
cauges of failure are:
. A defective comparator modile in the right radiance
ehannel (&6 or Ak)
e A cracked solder jolnt at comparator module to printed
cireuit board {denghter bosrd) interface,
c. A cracked solder joint st daughter board to mother bosrd

interface.

HBA 1009 is & Bloek T unit. Design modifications were dncorporabed
in Block 11 addressing the faillure causes indicated above. No Block II

Tilight anomzlies have been observed to date.

2.2.T IRA 1085 Anomaly

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

test was conducted.

On Rev 2195 the PACS system was depetivated and allowed to c¢ool for
ten reve. On Rev P205 the PACS TRA was activeted. The BMCD monitor did

2L /, '1
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NOTE: 1. BRoth examples shown were seélected from Rev 1240 data.
2. Similer bransients oceurred from Rev 1148 +o Rev 1472,

Figure 3-2
- Typical Transients During HSA 1009 Anomaly
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not respond, indicaeting an out-of-linits spin motor current. Repeated
attempts to enable the IBA and obtain the correct SMED response were
unsuecessful. Subsequent tests showed that the yaw gyro, Serial Nuuber X30,
did oot reach synchronous speed; and probably did not start; since no

rate response to vehicle yaw mapeuvers could be observed.

The anomaly 1s currently under investigation. Buggested probable

CHUBeS arel

g. Molsture lockup due t0 condensation sg the gyro cools down of
the high relabive hunidity in the gimbal gad.
be  Contamdinstion in the splid motor aggraveted by cool dowm.

e.  An open or ghorted mobor lead.

2.2.8  PCEA 1023 Anomaly

RACS controlled the vehicle withoUul anomaly or malfunetion from
Rev 1118 until Rev 2266 when the digital rate, spalog rate and the
attitude monitors all dropped to a zero telemetry voltage level. These
monitors remained &b the zero level although the horizon sensor indicgted
that vehicle rates were present and that the vehicle wag tumbling. The
zero level monltors are a8ll processed in the FCEA and powered by regulsabed
voltages devived in the FCEA. The discrete monitor for "gyro-compassing Off"

also read zerp instead of the nomingl 5 volts it ordinarily reads.

This FOEA {Serial Number 1023) failure is currently under study.

3.2.9 Horizon Sensor Moon Intercept

A horizem sensor moon interception was observed on Revs l5M6B, lShQK,
1550K real time and 1552 playback. A horizon sensor outpub error ocecurs
when thé moon is gsufficiently close to the egrth limb. The observed moon

intrusions dld not oceur during any paylosd operations., Maximom wvehlicle

23
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piteh excursions were about 0.4 degrees which 4g within the 0.7 degree
reguirement. A piteh horizon sensor oubput error of 0.8 degrees maximum
was possible Pfor the +12.6 beta angle of SV-9, but was not cbserved.

h
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%% BEACTION CONTROL sysyem {(RCs)

B 3.1 Flight Pummary

5V-9 was loaded with & total of 523 pounds of RBOS hydrazine, 252 pounds
in Tenks I and 2 and 271 pounde in Tanks 3 and 4. RCS 1 {vrimery) thrusters
were operated from Tanks 1 and 2 with an initisl pressure of 23% psia
blowing down fo 98 peia ab near depletion on Rev 989 whén all four tanks
were manifoldsd together. The 98 pei in Tanks 1 and 2 %as manifolded with
the 273 psi in Tanks 3 and & to give a4 four fenk system pressure of 142 pai.
The ROS 1 thrusters provided control until Rev 1311 when the expected
degradation of thiust led to transfer to the RCS 2 (standby) thrusters,
RCS 2 provided edntrol from Rev 1311 0 Rev 2066 when the FOBA faillure
deseribed in Pavagraph 3.2.8 ccourrved. The pressure of the four tank sysbtem
had dropped o 97 psin with L6 pounds of RCS fuel remaining, Deboost on

Rev 2274 was wnder control of ldfeboat.

Pwo anomalies were noted:

1: Two RCS 1 thruster tewmperabures were erratic throughout
the Flight (see Paragraph 3.3.0 ).

2. A temporary thrusber wvalve leaksge ceeurred on Rev 1267

(see Paraprari 3.3.5).

3.3.2  Propellant Conpumption

RCS propellant copsumption averaged 3.5 pounés/day through Day 90,
whilch was close 4o the preflight estimate of 3.7 pounds/day based on prior
flight experience., From Dy 90 to the end of the mission, the RCS
averaged 2.4 pounds/day due to reduced payload activibty and higher altitude.

a3 Thuster Performance

Three RCS 1 thrusters (RBAs 2, 5 and 8) operating abt low duby cycle and
one (REA 7Y operating &t & high duty eyele indicated performsnce degradation
prior to transfer to RCS 2 on Bev 1311, Figure %+3 is a history of the
normalized thrust. The messured thvust is normalized t0 a constant

TOR-SECREE- / H
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Flgure 33
Normallized Thrust History
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feed pressure and data is selected at a consistant thruster temperature.
The dasghed lines represent a 48% tolerance band around the initial baseline

thrust eslevlatlion.

Table 3-8 shows the ‘thrust values for BCB-2 caleulated from gyro rates
together with the thrust attained during the gqualification tests at the fuel
gupply presgures svailable on the pertinent revs. Coumparison has been made
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

characteristics. No degradation 1o thrust was evident for ROS 2.

Thruster pulse counts are presented in Table 3.9 for both RCS 1 and
RCE 2. Accuracy of totdl pulse coints 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 sanple freguency and rate 4o nob

permit & more aceurabte compilation.

3.%.4  Ancmalons Thruster Temperature Readings

The nozzle temperature monitors Tor REA 5 (B055) and for REA & (RO58)
of RCS 1 displayed anomslous behavior whenever thruster temperatiureg approached
the A00° 0 1000°F range. BOSS5 exhibited this behavior durlng BV/SV
separation and later, during the Rev 13 Bubsatellite sebivities, both BOSS
and BOSE gave ervatic readings inconsidtent with thermal time corsiants
expected with the thruster firings. The anomalous data was characteristic
of varidble resistance resulting from a break 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 thermocouple lead/junctjon/adapter ares where

thermocouple expansions due to changing ‘temperature levels would produce

guch readings.

Since the BOSS and BOSY dsta was unrelisble, the gtesdy Btate thrugt
analysis ubilized the pressure read 3,5 geconds after valve opening rather
than the preseure tead at Q00°F to establish thrust levels. Either reading
provides a gsatisfactory basis for detecting the deterioration of thrust of
the REAs. Redesign of the thermocouple and dmproved inspection technigues
have been instituted for the Bloek IIT EEMs.

TOP-SECRE—/ H
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TARLE 3-8
ROS 2 THRUBTER PERFORMANCE
bev | Presmre TERUSTER. - Lo Level 7er Pair
{pein) 1 a z 4 5 5 7 {1pf)
1330 127 R 2‘9{5‘7)3*“ i 3*9(7.0}3‘1 (6.8}
: , 2.7 3.0 363 2ot ,
1443 ige (5.7) e (6.1) e {8.5)
-. 5.8 3.0 2.6 3. ‘2
e (5-8) (5.6) (6.2)
. 2, 3. Fols . ‘
17@9 llh g 7({,}”&)5 o b > k{giy?)g 5 (6’2)
< . 2.1 3.6 o 3.6 1.9 ’
o9 | 208 (5.7) (5.5) >8]
2.0 2.5 2,5 B.6 -
S # (5.5) T (5.1) '“ (5.5)

{) Bracketed values are for two thrusters,
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TABLE 3-9
PHRUBTER PULESE COUNTS

ROS-1 THRUSTERS RCS-2 TPHRUSTRRS
Thrusber {(REV 0 70 1311) (REV 1311 TO 2094)
Number Total Pulges Pulses/Day Total Pulges Pulses/Day
1 2k, 000 290 21,000 L30
2 13,000 160 7,000 150
3 128,000 1570 TT 000 1550
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 &0 L, 000 100
29
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3:3+5 Temporasry Thruster Valve Teskage

Pigure Bkt shows the baseplate hemperature anomaly on Rev 1267
indieating valve leakage. Invesptigation showed that immediately after a
three pulse firing on BEA 7, the vehicle moved to and remained at the positive
piteh dead band attitude limit. At this time HEA 2 started firxing at
approximately 0.0 ¢ps causing Its temperature to inerease. The duby eyele
graduslly decayved to upormel Jdurlng the npext 5500 seconds. After the three
pulse firing, REA T indicated & constant chamber pressure of 3 pei without a
reeorded valve actuation. The above indicated that the BEA 7 thrust chamber
valve gterted to leak and that the leak graduslly 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 tegts, catalyst particles have been found in the wvalve and the
amount gppeared a function of the life/duty eycles; however, no ligquid
leakage has been detected. Aleo a seat shifl In the valve has been
siperienced after exposure Lo extended time ab temperature bubt apain uo
Jiguid leakage was detected. Both fallure modes could be expected to exhiblt

the self-healing characteristic observed.

Although corrective action was not npecessary in this case, valve
opening vis mensuver commends may have washed particles off the seas,
and/or heated the teflon sealt to cure the valve leskage. The Block IIT
valve has & different design witlizing a teflon poppet and a hard seat
which preelndes o seat ghift. Also this design fesmtures a longer stroke

which makes it less sensibive bo particulate contamination.

~TOP-SEEREF-/ H
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Figore 3-4
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3.4 ORBIT ADJUST SYSTEM (04S)
3.k.1 Orbit Control

The Orbit Adjust System was Tired & btotal of 595 bimes during the
misgion. The orbit adjust firings were all uormal and engine performance
wes well within specifTications. The catalyst bed resistance factor history
was similar to that of other {llght englnes, exhibiting sn initial increase
followed by a period of decline. As can be seen in Table 3—10, Ohs ceceurred

every three days with an adjustinent of perigee location every nine days.
3,4.2 Deboost

The deboost was successfully accomplished with a 120 second firing,
followed in five geconds 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 amctive phase of the mission (130 daye) the OA propellant

usage averaged £2.0 pounds per day for 51 engine starts. For the total
nisgion 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 TImpulse Planned Achicved av
Firing Number g Delivered av av Error
Nonber {(1v-gec) (ft/sec) (fi/sec) {percent)

1 63 g567 13.9 101 +0.8
2 112 16351 23.89  2k.00 +0.5
3 154 13132 19.26 19,35 +3.5
L 2l ohpba 35.93 35,9k o

5 ZET 16681 2489 25,23 +1L.k
& 259 1309 w2145 -1, 33 -0.6
7 286 23313 35.07 3. 89 -0 5
8 3Ee T006 -11.26 «11.35 +0.8
g 370 15868 25,60 25.78 +0.7

10 L0 13150 21,26 21 .44 +0,9

1L W& 25806 g, g6 he.o7 ~1.6

18 L&y 12665 ~21, 00 -20.83 0.8

1% ST 9379 15,21 15.48 1.7

1h 565 14196 23.2% 23,49 +1. 1

15 a1h D064 ALt 3764 +0. 6

16 £15 11533 ~19,15 ~19.85 +0, 5

17 &6 ericiel 16,03 16.29 +1.6

18 TLL 1577k 26.25 26,49 0,9

19 759 Bs6k 1537 Th ik +0,5

20 808 2750h LE. 1k L6, 56 +0. 4

21 810 hbesy 2, 50 -2, 52 #0,1

P 887 13569 22,02 22,15 +1.0

23 906 11009 2047 20,54 +0.9

2h Gh1 13870 2548 D6, 60 +0. 5

25 1003 18889 36.18 3640 0.6

TOP-SEEREF-/ H
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QA . Tmpulse Flanned Achieved av
Piring Reggigzian Delivered av av Errov
Numbey (1h-gen) (£t/sec) (rt/sec) {percent)

26 1005 11851 ) =21 TT 3,5
27 1058 11803 22,70 22.91 +. 9
28 1100 9390 18.05 18,29 +1,3
29 1149 12851 26,92 2T.OT 10,6
30 1198 Z1okT 41.30 1.3k +(, 1
31 1200 10921 ~21.50 -5 5k +0, 2
30 1246 967 18,77 19.05 +1.5
33 1295 14120 27.89 28.0h +0, 6
3h 13k 11339 22,59 2061 0.1
35 1393 8300 18.31 18.38 0k
36 ihha pashl 51,96 52.36 +(.8
37 1hiz 10285 ~23416 22,99 047
38 1490 7266 16.10 16.89 418
39 1538 11730 264 26,59 0.2
Lo 1567 120573 27,18 27,22 +0, 1
by 1636 10528 23,87 23,87 0
Lo 1684 11760 26,70 26.76 0.4
43 1733 24348 55.58 55, Th +0.3
Iy 1735 10547 2,55 -2, 28 ~Lal
LS 1782 B2oo 19.05 18.04 - &
LéE 1830 11751 27.08 o708 +0,6
Ly 1879 g0k 20,63 22,58 -
L8 1928 10780 25,00 25,17 0,6
e 1976 10877 25,51 25,50 0
50 2025 9303 £3.10 23.07 <0, 8
51 207h 11537 27.39 27.86 0.5
50 2122 12511 33.37 33.47 +0.3
53 pehe 3358 9.00 G Ol A0,
54 & 55 2e7h BITO0% ~175. 00% Deboost —

# Approximate values

TOP-SERET- / H
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3.5 LIFEBOAT 1T SYSTEM

Lifeboat magnetometer prediction checks sre shown in Table 3=1l. The
Q magnetometer has an instrumentation bias of between -3 and -6 milligauss
g0 that a data correction is reguired. The equivalent attitude error of the
4 sensor 18 less than 0.7 degree. The P magnetometer equivalent atbitude
error was less than 0.0 degree and the R maghetometer eguivalent sttitude
ervor was leéss thap 1.3 degrées. The three raté gyros were within 0.08

ﬂegree/seaoné of the rates monitored on the ACS EyTos.

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

aceomplished under Lifeboat control on Rev 207k,

No anomalies were noted.
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TABLE 3~31
LIFEBOAT MAGNETOMETER PREDICITON CHECKS

o Hade ¥ 4 MaEnet 8 Mogneyw P Magndt ¥ Aucly Oyro ¥ ety Gero L Bxis Gwro
Chserved I Map Ohserved 1 ey Chidrped G Mep haervid KO Chokryed AL ugerved AlS
1B BB, HE <31 B ] 8ot in e Hegative Batwrativn wib i) ki G5
D58 5%, BE -2 Ll St tu Yae ot in Voo
168 2%, TH 3T -2 Fosiuive Hatoration Yot i Upe
5%, 1B -7 1y e ; i ek dne Utie
i3 Holi, HE wg ] fot du Use 1 e
638
158°%
955 Hy B 51 3 58 56 Hot iz Use
42K
ThEW
Hgh Wolh, B i7 17 ek in Ukn Hy W
[z
15T
LE% Full, X B e Bt L Des 15y LT 1.3% 1.3 5012 0k Tl G2
S8*E
1Eete
a8 Wos, DE 4 5% Praitive Heturabion ot Sn Uss
e | B, BX 2% % Fat g Dse 19 fes o83 o8y e8] 0,93 Deh Dk
155°5% {

% OF indlcoated debodEn, HY indfeostes cecowRDy.
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3.6 ELECTRICAL DISTRIBUTION AND POWER (EDAP)

3.641 -Solar Arrays

Solar arvays were exitended on Rev 1. Power output from each leg
exceeded the specification value, Degradation from normal orbit envirvomnments
was U.T% after 125 days (Rev 1995) in orbit. After RV-L on Rev 2094 the
golary array recelved more contamination on the back aide from the RV retro
28 ‘the BV wag stopped in a level attitude rathsr than being positionsd with
the solar array edge on 0 the retro. This raised solar array peak

temperatures 5°F which incréased 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 25.95 to 33,0 wvolts. Low range voltage was obtained
during paylosd operations with & bus load of Tb amperes. High voltage data

was gathered durdng charge cycles.

%.6.3  Power Cepability and Usage

Power usage ranged from 319 to L20 amp-houre/day. The 420 amp-hours on
Bay 1 exceeded the 400 {calculated) amp-hour/dsy capability. K2's oceourved
on Rev 5 {Day 1) indicating the generating capsbility exceedsd the L0 amp-
hours/day during heavy bus loads. ZExcess cdpascibty wes demonstrated with K2's
oceurring on essentially every vev after Rev 9 except those with heavy

payload operations.

3.6.4 Type 20 Battery Performance

A11 Type-29 Batteries operated in & desirable enviromment (M4°F to 49°F)
and performed normally throuwghout the wmission.

3.6.5  Pyro Battery Performance

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

the nssge Tov ingtrimentation (4.0 ampere~hours) and self discharge

37 /H
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(l.53 amp-hours) totaled 5.53 smp<hours. This left s 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 excepbion of 11.36
amp-hours capacity at Lift off.

3.6,6 Liféboat Battery Performance

e Lifeboat Battery operated normally in & 48°F envivonment throughout
the entive mission., A total of 183 mmp-hours remwained 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 (TT & ¢)

3.7.1 Tracking

Excellent Iracking performance was maintained throughout the flight
mission. During the last day of solo {Rev 2266 to 207k), the FCBEA failure
{see Parsgraph 3.2.8) csused the vehicle to tumble. Due to the vehicle
apterns pointing angles with respect to the ground station, the down link
data wag not alweys svalleble at the tracking stetion. Commends were sent
to the vehicle only when the down link wes avallable to verify vehicle command

ageept,

Becatise of the low transmitter signal strength reported on SV-8, health
tests were performed once a week on BGLS 2. Te obtaln cousistent data, the
signal strength was messured and plotied (Figure 3~5) at the 5° glevation
angle for scguisition and Fade using the L6 foot antenna at HULA., This data
exhibits good signal strength for the entire flight; therelore, precautions
taken on 8V-9 and up for maintaining pressure in the rf cavity of the

transmitter are believed to be adequate.

37«2 Telemetry
The telemetry performance was execellent for the entire flight. There

were no anomalies reporited.

3.T+3 Tape Recorder

The tape recorder performance was satlgfactory 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 & ¢ Off Commend. Therefore, when the TP & € OUf Command
was executed at POGU, Tape Recorder 1 copnbtinued to record until HULA., There

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

3. 7.4 Instrunentation

There were no lnstrumentetion anomallies at Lifh off.

TOR-SECREF- / H
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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

inddcates that the preblem is in the thermocouple {see Paragraph 3.3.4).

3.7.5 T & T Fauipment On/OFf Cyeles and Opérating Time

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

Primavy Egquipment On/Off Cyeles Opverating Time in Hours
8GLS 1 2,hef o3h, 10
T/R 1 9,898 506,18
PCM L L0 2h0 656,36
PCM 2 2L 2,26
8018 2 39 1.A7
T/R 2 (! 9.43

2.7.6  Command

3.7.6.1 OFE Command System (BCS)

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

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

The ECS executed two spurious 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 signsl

level.

Real Time Commend BR 57 (Left Solar Arrsy Position Drive-Stop) was
accepbed and executed by Decoder B .and 100 milliseconds labter Decoder A
accepted and executed one of three Internal commands which resulited in
Decoder A belng placed 1n & non-real ~time gtate. DTuring 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 ab the

iy
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vehicle recelver was ~75 dBm, based on a 50 watt transmitter output, 43.7 dBm
gain in the 60 oot antenna and ~165 4B space loss (combined space loss;
cable Logs, and antemna polarizetion loss). Coinetdent with the anomaly

the down Llink signal strength experienced a dryop of approximately 35 dB for
a duration of approximately 0.5 seconds. Assuming the up link was similerly
attenuated, tThe vehicle receiver inpubt signal would drop to the vielnity of
~110 dBm. A decresase dn signal level of this magnitude was up link
modulation, "8" pulses, present will cause the recelver bo sguelch. Under
these conditions the receiver will oultput data and biT read pulses randomly
until sgueleh has been activated. Within g 0.5 second of the first accept

of the spurious comand, there were 5 different occaslons where both decoders
stopped outputtiog reject telemetry for a period of 5 bo 20 milliseconds
indicating the sbsence of "S8" pulses From the VOIS Receiver., This also

indicates the receiver was in the proecess of squelehing.

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

L, TInerease up link rf power levels.

The vehlcle hardware, command sysbtem and VOIS were not discrepant
aince the anowaly occurred beyond the design baselines of 5% mindmm elevation
angle and maximum rapge of 050 mm. For the remainder of the Tlight the
decoders were burned off 30 to 60 secorids before fade and no otheér spurious

commands were executed.

3.7.6.2 Minimel Command System (MCE)

The MCS executed all commbands correctly during the primery mission.

_TOP-SECREF-/ H
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3.7.6.3 Remote Decoder/Backup Decoder

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

each cage.
The Backup Decoder opervational capability was verified during the
health check.

3.7:.6.4  Command Bysten

Usage summary through Rev 2094
Total Operating Time

Systen, (Bours)
ECS 3095.0
Mes b0
Remote Decoder 13.77
Backup Decoder 0.05

L3
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3.8  MASH PROPERTIES

A history of SV mass properbies throughout the fIight are tabulated in
Table 3~12.

4.9 PREFLIGHT WINDS ALOFT LOADS ANALYSIS

Teble 3«13 presents a chronologlcsl fabulation of the pre-launch winds
aloft lomds snalyses for 8V-9. The resulls are plotted in Flgure 36
The analyses are based on observations made at the Vandenberg Alr Force

Base using Rewinsonde balloon soundings on the 28th and 20th of October 1974,

The P24 hour simuletion analysis resulted in & "hold-continue count”

recomuendation due to excessive boosber TVC fluld usage.

The T«12 hour anelysis 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-continue count”.

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

of "hold-coptinue count”.

The sucreeding T-6 and T-3 hour analysis indicated that all psrameters
were within acceptable limits. Conseguently, the recommendation was "go

For launch”.

3.10  BOLAR ARRAY

Deployment and erection of the left (-Y) solar array is shown in
Pigure 3-T7 &nd for the vight (+Y) solar arvay in Pigure 3-8. The arrays
were deployed at the first station pass, TNDI. 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.

TOP-SECREF- / H
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TABLE 3-12
SV-9 MASS PROPERTIES

CESTER OF SRAVITY MIMENT OF TEERTIA FROINCT OF TR
— P Chnohies | {uiug e} {aTugmdE™}
e (o) ¥ ¥ # 1 T 1 t T Ty
* ¥ kS Y R

At Laoeh #6163 19709 106 2.36 Thok 213817 213806 <1098 S bl
Separuted from 52 feaaisg 19615 11T 3BT P 18eR06 182120 Ele R -7
Arvays Deglopes 18° 2nbe LERLT 1437 i 6650 163308 18 ~1gdhy »1058 BT
Srter +¥ Sebsetellite Bisction eokgn 1905.8 2,92 535 Ghas 179H0R THOETS <35 ey «38m
Aty 47 Subsatellite Ejeetion PHAD 1950.8 1ot 4By 129 1TETL ITEGES <anh ~H10 55
Pricse to Drop 1 2iban P 187 H5h ol LYBERL 2oy ~1208 g -5
After Drog 1 15088 00,7 138 63 883 Ymgal 1RERG ~STE 15k w5l
Prior to Trop & 3882 1982,3 Ll 570 3808 338 LKA ot Y <13k 6
After Prop 2 T4y 2003, 1.57 i, B 5609 pEReRs L2YERE o7 2359 Sl
Afver Doy & 8806 2012 153 5,58 sS4 1oRk5E OBk ~Hgr =3398 i
Frier wolewr 8 160 19970 1.0 258 SREL oA 1OELLE ~Efn wE0 il
After teom B Friacs BT 35T k.87 5263 GYTLE G550 B3 ~1h0% 556
Pricr w Iear b L3586 1998.6 2,01 5,81 sy BigEL Sy <583 ~1385 53
After Trop b 12068 2006 Wead 5,36 5aRY Gardh Blpss ez ~1906, w5l
Frior no DEbost pateiyg SRR 2.30 leaby g B1g8 Brish ~ERNT -1535 58
Eod Tetopst L& 20001 2,36 b5k 50e0 #0028 Bihgs 538 ~ie8e ~55
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TARLE 313
WINDS ALOFY ANATYSTS SUMMARY

EL

H/

BELTOOW RUImAsE T
T30 Loomaae Vo287 4 mea | Ty
IHO0 RUR AT 8TC TIME
T2l T, & 7-6,0 1 T-3 Tl
SV Structurael Loads:
Bending Mom, % Limlt Losd 93,23 SRl 62,79 56,63 5733
Critical SV Station 1,902, | 1,902, 1,902, 1,902, 1,908,
Hlepsed Time, seconds 262 16.85 18.38 16,68 22,66
Miitode, Teet , 8,000, 3,398, 3:999. | 3,336, 4,000,
SFM 8ide Force:
% Allowable 7,51 79.66 B1.43 £4.97 53,87
SRM Number 2 1 1 1 1
Piteh or Yow Yaw Piteh Pitoh Titeh Piteh
TG Usage for Control:
% Allowsble Expended 132,63 115.50 GEL BE 75,85 TO. 18
SRY Haiber 1 1 1 i ]
Bypended, pounds 2,00h,3 g,298.81 1 1,875.92 TRy 1, 236.5
Velriele Regponse
Maximm og, $ allowable 81.58 b8, Gk 27,11 26,79 2645
Mectinum oeq, deg-pet 2,735,551 1.682.7% 936.9 B3 aeh, 61
Flapsed Time, seemds 39,38 20,52 5. T2 25,47 20, &
Avtitude, feet 18.150,3 110,139,282 10,318, 10,159, 10,156,
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£y S BRNDING MOMERT - SBA CONSTRATED

£y SRM SIDE PORCE

g mccmnmm BOCSTER CONSTRATNTS
& Ve DUMPER OFF

& H e | i i i
Z = 16 = B 11 0
T-HOURS FROM LAUNCE

Flgure 3~4
Critical Launch Parameter Bummary
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3.11  THERMAL, CONIROL

3.11.1 Mid and Forward Beetions Including MCM

The flight temperatures of the Mid Section, Forward Section and MCM
are summarized in Table 3-14. This data indicates that the average section
temperatures were well within the required desipn limits. No design changes

are fortheoming as a resullt 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 3=, The change in orbital beta angle that
pecurred during the flight would, by itself, have produced an obvious
change in temperature. The seasonal change in solar constant in conjunction
with payload activity could acecount for the variations experienced during
fiight. The RV heater control zones, which gre setively controlled to

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

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

in Table 3-15.

The thermal design of the 8V-3 AFt Section was the same s SV=8. The
resulbing Plight temperatures were similar to 8V-8 at the bete angle range

of ¥ to 12.5. There were no thermal anomalies.

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

degradation appears to be similar o thaet of other flights.

P
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TABLE 31k
THERMAT: DATA BUMMARY

BIFOO3W/2-09183L-75

Vehicle . Degion SV-4
Section Parameter Lamits Actual®
Toncin hg/o1 T2
Mid
Section | “8U 47/93 7
ol
Tsy ™ Twea 5/ e
Forward TFWD QT/93 72/80
Section
4
B ™~ T 20 0/8
Teme 32/69 55
McM T 30/85 51
DBS Panel 32/90 63
DEFLNITTIONS
TTCA.= Orbit sversge redisblon temperature of the TCA compartment sbructure.
TSU = Qrbit average radiation temperature of the SU ecompariment structure.
Tywn = Orbit average temperature of each Forward Section bay based on the
average femperature »F the bulkheads.
TENC = Orblt average tewperature of the MCM enclosure.
TTP = Orbit average satellite recovery vehicle take-up bemperature.

* Based on orbit average temperastures from Rev 279 (stabilized thermal
During remaining portions of the flight these temperatures

conditions).
generally did not change more than 2°F.

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

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

Power Distribution Juncition Box -30/165 8o 76/90
Charge Curvent Controller 2 ~30/l?0 90 9§/l06
Type 29 Batteries Bay 3 35/70 48 (3) b3/%9
Type 30 Battery 50/90 INES /51
Type 91 Batteries L0/90 8 (3) L /5
Type 29 Batteries, Bay U 35/70 48 (3) b3/s1
Horizon Sensor Assembly Heads 0/130 ET/TL (1) T7/87
Tnertial Reference Agsembly 50/130 g7/10h (&) 10h/117
Pulse Code Modulator Master -30/170 80 80/110
Tape Recorders 20/120 7 78/9h
Transmitters ~30/170 77/85 80/110
Extended Command System Clocks Lo/153 98 /10k 10b/107
Programmehle Memory Unit A ~40/145 86 8o/g2
Programmable Memory Unit B ~ko/1k5 56 87/103
Tnertial Reference Assembly Gyros 50/200 s 139/168
Minimal Command System -ho/ikg TL 70/81
Reaction Control System Tanks ho/iko 73/83 TO/100
Plumbing Bay 6 35/140 Bo/82 18/10%
Plumbing Bay 12 35/140 Bl /o2 T7/101
Orbit Adjust Tenk 70/100 83 T1/99
Pogitional Drive Aggembly ~30/160 60 55/98
Solar Avrays =185/p25 - S8T7/157
Quad Valve Lo/200 Sy 108/193

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

(2} stepilized temperature ranges not including latweh Eransients.

(3) Temperature controlled by heaters.

(i) Pred%ction assumes dual IRA operation {Primery AGS and Redundant IRA
only ).

TOP-SECRET- /
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8o [} 5v-9 DOOR TEMPERATURES (REV 522, B = 9.4 DEG)
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Figure 3-10

V-G Bgulpment Door Temperatures
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3.12  SHROUD SEPABATION

Four pressure transducers were installed in the shroud in an atbempt
to determine 1f a pressure exists in the shroud at the time of separation.
The transducers were calibrated to read O to 0.5 psia and did nmeasure
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 absgence of
pressure at separation. Since no svitable imstrumentation is known, thisg
line of investigation for the cause of the apparent initisl scceleration

of the shroud will not be continued at this tTime.

25
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SECTION IV
PAYTOADS

4.1 SENSOR SUBSYSTEM

4,11 Coarse Film FPath

Both coasrse Tilm pathe (supply, loopers, steerers, arbticulators and

take-ups) exhibited nominal operation throughout the mission.

b,1.2  Fine Film Path

Both fine film paths performed nominally throughouwt the mission.

4,143 Command and Control

The command and control subsysten funchioned nowmally throughout the
misgion. Ou-orbit Adjust Assembly (OOAA) and exposure adjustments as

determined by post £light analysis were made.

.04 Optical Bar Pertormance

Mechanical snd optical performance of both eptical bars was nominal
throughout the mission with the optical performance of the aft looking

camera being superior at all times.

k.1.5  Poneumatics Subsystem

The prneunatics subsystem performed normally throughout the mission.

k.2  TERTIARY PAYLOADS

B-3 System performed satisfactorily throughout the planned

wission, Vehicle support of the system (power, commands, telemetry, tape
recorder, thermal enviromnent, etc) was provided satisfactorily in accordance
with the system reguirements. ¥Five calibrations were suceessfully

accomplished through Rev 170L.

. 56/H
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k.3  SUBSATELLITES

Two subsatellites were carvied into orbit on BY-9, A 599 poiund
subgatelllite systemk(ﬁhl.Q pound separable) was carrvied on the Y gide
of the Forward Bection. Separation of this subsabtellite oecurred at
Rev 135 following an SV yvaw mancuver of -26.9% Separation occurred at
a 15% south latitude on a descending mode. A1l subsatellite separation
gverite occurred in the normal sequence within speeified limits and the

gubsatellite went on to achieve ite degired orbit.

A 620.9 pound SAMBO 53-1 Subsatellite {(608.6 pound separable) was
carried on the +Y¥ side of the Forward Sechion. DSeparation of this
subsatellite occurred at Rev 15.3 {56.8° north latitude on a descending
mode) following a 18.3° pitehn down manewver of the 8Y. 'The S3-1 Subsatellite
separgation sequence was asccomplished within desired tolerances and constraints,

snd the subsatellite achieved 1ts intended orbib.

hol MAFPING CAMERA SUBSYSTEM

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

V-9 is considered excellent.

TOP-SEERET-/ H
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SECTION V
REENTRY VEHICLE SUMMARY

5.4 SUMMARY

The recovery statistics are shown in Table 5-1 and Figure o-l.
Performance of the RV subsystens is gumuerized in Table 5-2, ALL RV
on=crbit and reentry evenbs oceurred as planned and the RV Ilights
followed the predicted trajectories. ALl four recoveries terminated in

aerisl 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 satisfachorily and met all mission

requirements, see Table 52,
.2  REENTRY VEHICLE FERFORMANCE

A1l RV on-orbit functions were normal and occurred on time. The 85V
provided a satigfactory pltch sngle for each RV geparation. ALl other

SV/RV interfacs fusetions wéere nominsl.

The EVs were adeguately spin stabilized during the wvacuun coast
vhase and aerodynamically stable during the atmospheric phase of 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 revealed two recovery oOperationsel varlancss which are noted in
Paragrarh 5.3. RV-4 was rot svailshle for inspeéetion in time Tor this

report; however, all svailable data indicated nominal setisfactory performance.
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TABLE 5«1
RV DECOVERY SUMMARY

Pt w2 ) e R
BV farial Besber 3t 38 . 4 it
Becoenrs Nev Budber o e EEE sy
Revovery Date X7 Bovember 157 Y Decenber 1974 21 Jmmomwy LT ¥ Moyenh 1975
Paytond Weight (1b) [Messured ' '
Weight from Reoovered WYY
Porwrd 250.6 0.8 pee X 8 oz 7S
Ans B30 28,7 2334 G
(5 P 3u By

Trbalfnee. Fereant

57 (vt {hy ¥ bufepi®

87w 18k, 6/138.4 BT w 153.37106,6 B9 x 150001003

B w 28177008

W Fiteh tigle (degres] ~33.2 ~F2 ~3TxT ~386
Nogdnand PX¥ Latibude (*F) 25.5 250 FEN o
Impest Locstioy Eryor {EFPD
Yeroys Peapor Dvalustion}
Cerstooy (@} R 5.3 1.5 7:3
Urigreoot. {al)
troes Track {ond 8.2 E G W %LLE 2.1 2
Reetvery {feriall
Kititage {rv) TR 13,350 L350 18,700
Farserate Condlidon Sevrmel Tormed 1ocese & 1 omalin teer 1ocene & 2 main tesrs
Retrievnl Pdes 2 3 X 1
RO/ Fayiaed Dondishon Bood Hood St fevsisd

€ ow Rrizude of Verigee {5z, o = Altitude of Spopes Tme],

1w Avggment of Ferigee [deg)
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THELE 5af
BV SUBSYSTEM PERPORMANCE SUMMARY

RV SURBSYSTEM/PUNCTION

PERFORMANCE ASSESSMENT

Normal o
w3
o T, Contalger = T "
L ; REF ~5,6°F
On Orbit Thermel Protection o Power Usage (Wabts/av)
Masdmum 19,3 (First day in orbit)
Babilined 7T (Wintlh doy in orbit)
Allowmble 20
Trim and Besl Normal ¥
Normal®

Bleeipiegl Power spd Distrilbution

o All batteries sotivated.
¢ ALl voltages 2t lsaet 20,8 vol® open oireuit

«;fol‘:ag;e‘
Structyrs MNormal *
Pyro Subsysten Wosrma] %
Spin Stgbllization Normad
Rairo Motor Nopmal
Pracking, Telemetry and Irnstrumentation Hormal
Hest Bhteld Normal
Base Theyrmal Protection Tormal#®
Beguentigl Normsl#®
Renover Normal

¥ R¥-4 not avellgble Tor wost 14
yrove normal performanes sipils

zh

% ingpection gt time of report. Igspection expeotsd to

w0 other RVs,
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5+3  REENTRY VEHICLE SUBSYSTEM FPERFPORMANCE

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

resulted in merginal recoveries.

o RVe2Z Damaged Load Loop
On RV~2, a retrieval hook tine split the two ply load loop and
a siogle ply of webbing carried the entire load. The ply was
severely damapged since the design is based on engagement of
both pilies. Faillure would probably have resulted in reinflation
of the parachute and 2 water recovery. Redesign of the hook
tine from the current 0.125 ineh radius to a larger radius would

mindimize this type cceurrence bub could introduce other problems.

o RV-3 Main Parachubte Retrieval Hit
Review of the recovery airveraft film coverapge of the RV<3 retrieval
showed the lower load loop and hooks made contact with the main
canopy instead of the cone and were responsible for the
excessively torn condition of the maln chwte. Recovery vwas
made by hook engagement of the 4,000 pound parachube vent band
instead of the 18,000 pound Toad loop. A gudcedsful recovery
uging the parachute vent band is nolt counsideéred reliable. If
the hook had torn through the band, reinflation of the parachute
would have been unlikely and could have resulted in leoss of

the RV.

5.4 STELLAR TERRAIN RECOVERY (RV-5)

85 (9/W 1805) was successfully recovered on Rev 958. Recovery
statisties 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.

&2
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The predicted impact point (PIP), the estimated point of parachute
deployment (EPPD) and the alr snabch polint 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

BIFOO3W/2-00183k4-75

ST-RV (RV-5) RECOVERY SUMMARY

Recovery Rev
Date
Payload Weight (100%)

8V Recovery Orbit

958
27 Decemwber 1975

£7.82 pounds

Perigee (nm)/Apogee (mmn)/Argument Perigee (deg) 87.26/151.96/116.64

SV Piteh Angle {after yaw arcund) (deg)

PIP EPPD
Iatitude 23° 59,7! 2l Qo

Longitude He° 7.2 ke g6t

Altitude e oo

64

Bl T

Alr Cateh
23° 597
1h9® oo?

14,600 £
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IRTRACK DISTANCE - W
0.459 KM SHORT

TRUBSTRACK. DISTANCE - NM
1.03 HM EAST

Figure 5-2
ST-RV (RV-5) Recovery Locations
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ATC

BV
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ECS
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GFE

HSA
IRA
LB IT

MCM
MCB

OA
0B
O0AA

PACS
PCM
POWN
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APPENDIX A
GLOSSARY OF TERMS

Attitude Control System

Active Thermal Control

Bopster Vehicle
Bobster Vehicle/Satellite Vehicle

Doppler Beacon Bysten

Extended Command System
Electriecal Distribution and Power

Estimated Point of Farachute Deployment
Flight Control Electronics Assenbly
Government Furnished Equipment

Horizon Sengor

Horizon Sensor Assembly
Inertial Reference Assembly
Lifeboat

Mapping Camers Module
Minimal Command Systenm

Orbit Adjust
Optical Bar
On~Orbit Adjust Assembly

Primary Attitude Control System
Pulse Code Modudator
Plteh down

66
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PFA
rip
PeT

RACS
RCSB

Rev
RV

SBA
8ECO
Sep
SCGLS
SMCD
Solo
sPC
SEM
88
S8U
5T
ST-RY
sV

T/R
™ & C

VoTs
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APPENTIX A (Continued)

Post Flight Analysis
Predicted Tmpact Point
Pacifiec Standard Time

Redundant Attitude Control System
Reaction Control Oystem

Regction Bngine Assembly
Reaction Engine Module
Revolution

Reentry Vehicle

Satellite Basic Assembly

Stage II Engine Cub-Off
Separation

Space Ground Link System

Spin Motor Current Detector
Systems Bngineering Test after fourth RV separation
Btored Program Command

Solid Rocket Motor

Sensor Subsystem

Subsatellite Unit

Btellar Terrain

Stellar Terrain-Reentry Vehicle
Batellite Vehiele

Tape Recorder
Telemetry, Tracking and Command
Thrust Vector Control

Vehicle Command and Transponder Set
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