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SYSTEM TEST PLAN

1.0 GENERAL

1,1 SCOPE

This test plan defines tests to be conducted on the camera
system and its components. The interrelationships of camera tests
and tests of other subsystems and system tests at higher levels
of assembly, have been considered as in the planning of these
camera tests. A sumnary of all camera system tests iq given in
Pigs. 6, T, and 8. .
1.2 OBJECTIVES

¢

Tests to be performed on the camera system and its components
shall provide basic engineering data required for system design and
shall demonstrate that performance of the system in the space en-
vironment meets established goals. These objectives imply early
definition of parameters required for design, and timely verifica-
tion of design assumptions which may require design changes. The
interrelationships of test, analysis, and fabrication are diagrammed

in Fig. 1,

1.3 ORGANIZATION OF TEST PROGRAM

Major groups within the camera contractor’s organization having ,
rup&mibility for the test program are diagrammcd in Fig. 2. The func-
tiene of each group, that 1is, Camera System Engineering.v Test Bagineering,
the Envirommental Laboratory, and Quality Assurance, are as follows. ‘

!

1.3.1 Camera System Engineering

a. Design flight system.

b. Determine oyerall requirements of test program,

c. Determine detalled performance goals.

d. Evaluate pefformance as measured in test against design

criteria.

Page 1
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e. Approve test specifications and procedures.

£. Monitor all tests.

1.3.2 Test Engineering

a. Prepare test specifications and procedures.
b. Design and procure special test fixtures and instrumentation,
9

C. Gather and reduce data from tests.

d. Prepare test reports.

1.3.3 Environmental Laboratory

a. Provide facility and standard environmental test equipment.
b. Provide test technicians for mounting of test articles on
test fixtures.

C. Responsible for all test operations in the environmental 1lab,

1.3.4 Quality Assurance

_ a. Provide inspection servicesbfor all incoming parts and
subassemblies.

b. Provide inspection and authentication services at all
qualification and acceptance tests,

c. Maintain laboratoryncalibration standards.

1.4 LEVELS OF ASSEMBLY

Major levels of system assembly are shown in Fig. 3. Subassemblies
of the main camers are shown in further detail at Level V in Fig. 4.
Important and meaningful tests can and should be conducted at each level

of assembly below Level I for the following reasons:

a. To permit evaluation and correction of subsystem design
problems or manufacturing deficiencies as early as possible in the

program or in the assembly seguence;

PROJECT SECURE Pae &
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b. To isolate subsystem faults from thoese of other subsystems,
permitting easier diagnosis and correction;

c. To allow parallel testing of subsystems which will tend to
prevent temporéry schedule delays in test of one subsystem from
introducing major delays in the overall system test schedule; and
‘ d. To provide logical test interfaces at the limits of each
associate contractor's design responsibility, fhus eliminating pro-

longed tests remote from any contractor's facility.

1.5 TYPES OF TEST

As shown in Fig. 1, development of the system comprises a flow
of events leading from concept to production model. The types of
test involved in this flow are defined below., Application of these

tests at each level of mssembly is diagrammed in Fig. 5.

1.5.1 Engineering Developmental Tests

Teats required to define parameters for design such as;surface
emissivities, joint damping or slip rates, film friction, etc., Later
mockup tests serve to verify design assumptions of system interactions
where analysis is impossible or impractical. This stage includes

thermal mockups, electrical breadboards, and dynamic models.

1.6.2 Prototype Developmental Tests

Tests performed on actual prototype units, as trial assemblies;
or to determine the fragllity of components under environmental stress.
More complex prototype assemblies will be tested when available to
determine component responses where the validity of snalysis or mockup

simulation 18 questionable,

Page 7
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1.5.3 Qualification Tests

Tests which deménstrate the ability of the system to meet
per formance goals during or after'exposure to environmental stfesa
greater than that expected in operational use,. An overstress is
comuonly imposed to assure that marginal components would not f£ail
under design conditions; and to accelerate fatigue failures. Qual-
ification tests are performed on subassemblies to detect component

weaknesses as early as possible in the system development.

1.5.4 Acceptance Tests

Tests which demonstrate a satisfactory level of workmanship
and per formance by subjecting production equipment to low-level

environmental stress.

1.5.5 Reliability Tests

Tests intended to establish cowponent or assembly failure rates
where such data are not available from the manufacturer. A reliability
group within the camera system design organization will monitor all

tests for development of reliability data on each level of assemﬁly.

1.8.6 Checkout Tests

Quality assurance checkout tests are performed on all components
and assemblies to assure conformance with applicable drawings and
specifications. These tests are not normally environmental, but
include mechanical and electrical inspectionj maintenance of calibra-
tion standards; and optical inspection. Quality assurance checks
include electrical, mechanical, and optical baselines established
before and after qualification and acceptance tests to determine

performance degradation.
L}

Page 9
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1.8 SYSTEM SIMULATION

So far as possible, real pi‘ototype hardware will be included in
tests at each assembly level. To permit concurrent subsystem testing,
however, accurate simulation of interacting subsystems will be re-
guired. Design of the test facilities will permit replacement of

subsystem mockupe by prototypes as soon as the latter are available.

PROJECT SECURE

Approved for Release: 2021/04/09 C05099514



GO DUV ATt F
V/E/W TIOM=SHXA = LE4 2 7fsrs L |

o | _ s [2| 7es7 —%
i TEST ITEM TYPE \secr| MAME FURFPD 5£~ SEE/AL TEST ERUIPMENT - va’i?A p g_
ASSY LEVEL T
GAS BOTTLES QA . 354y BT ESTABLISH SAFE WRING FIRE SSURE BAS] ENULLOSURE  (SUB. (oM TRACT) FRESSURE. ‘
SREW ARM ASSY | @ | 3./ | WEBRATION ESTABLISH  FASPURANCE (EVELS VIBR, FINTURE & ISK SHAKER AT < ouTr Pur Ag
§ym /1567 & 32 i” N 7”7 . 77 ’” 12 2 V2 174 124 ‘ . ’t . )
OPT BAR FMCOPER | 0 | 3.9 | FRAGILITY G R ” " " sx " y S
SLAE KA/ G P =N ” I I # ” 7" ’” , - e
éﬂff’ﬁ&,{ﬁ ASSY 4 3T " ” 7z w 4 I ” " " "
mﬂ E/V(fo,«? 4 3.6 s " ” " “" #” # ” . P ”
@ STESHATERASY | P 3.6 " . " ’ P " y ) ’
/M( EN((??,&F V 3'6 ” “ ” - ” /" ” " 20 12 v
Z METERAIG 7005 | D |37 | HSTERFSIS FSTABLSH KESIPUAL STRAWY KATE STATIC STANP £ Ak LOAD § S7RAIA g
5 KIS £IOWTE | B |37 | HrssErEsissauw " " o W % ” ’ 2
g OPT BAX cHNpER | (P | 3.7 | STATK LOAP | PROVE STRUCTURE PESIGN SIATI STANG, PUMAIES & JACKS FESIPUAL  DECER 7ER % -
1 GFT BAX OLppER |(DI@ | 3.7 | VBRATION " ” Mo | VBR FIXTURE, SLIPTABLE, S BOK SHAKER MODE SLAPES , TRAN: § V:
c® OPT BLMASYS (D \ Pl (3.8 | ViBR/oHoCK | ESTABLISH ENPURANCE LEVRLS VIBR FIETURES & /5K SHAKER wrr oureer acce 24
Py FECTRWIC ASSYSU8)| 7 |20 | FRAGILITY " “ ” e o &K ” ” . S.
1 ‘ g
2 ASSY (BVEL TV § 2
w ) : 2
. TRINSFRRT ASSY |ava |a.z | vissa7ion EROVE PESIGA) & WORKIMMEHIP | VIBE EIXTURES £ /5K SpOAKE WRT ¢ ovTFeT Ac$
S @ oFr BAR Ay |om |g.= . ., . . T A 51 T, £ Sk SeARE R g ’ ¢
§ SUPPLY ool a 4.5 | VIBE/STATIL | PROVE FUM POES NOT SULF Ol FO0L] VIBE FIXTURE /57(:5;////@/? CENTRIEUGE (SUBCONT) | Fum 5L P, SRR TCA/ | B Su
o - :\ o
-h -
3 ASSY LeviEe TTL | | g
& SWERA ASSY QA | S0 | VIBRATION | FROE DESIGN's WORKWANSHIP | VR FHTUTE | SUPTARE, SO SHARER s Feurmur AcE®x
& MAIN FRAME v 5.3 o TETERMINE MOPEE SHIPES & TRIMSMISS 10N | 8/< MOCK U | 0F T BAK DWIMIES | SK S HAKER MOPE SUARES | THRAN e} Q,,
g VI RANE QS5 STATK LOoAp | PRovE PESIGA STATIC STANE, OFT BAF FUMMIES, JACKS STRAINS /75/4507&,00 y
& - RY T4KE o QM |59 | WBRATION FROVE DESIGN & WorkamgN sk FUM UpIMUES, VIBR FIXFURE | 30K SpldKER ST ,/ ovrrr Ade 2
> s : RV TAKE 7 sPoor o S5. GV STHTIC LOAT | FTRE/ISH UM SL7 LIMITS CENT R FUGE /505&0/{/?7() MMMMMMM (Knm
N \ASSY cEvEe T RE
@® | ovem ah o= " , $ - . 5 4 h ’




B R ER i

2 G e

FIGE- SUMMARY
IBFATION=SHEK =LCAP TESTS

o FOVE  DESIGA & WORKAMN 3417

5/71,5’:/5# s S0P LIS

FRAf ZUMMIES, VIEF FIXTURE  ZOA SUAKXER
CEMT R FUGE  (SUBLDA T7)

AT L DU ACECE B2 rront
LOALD, FHM S~

BUE L5160 £ WORKMANSH/ 7

Vs 7

VIBR FIXFLFE, (K SHAKER

o 7 77 s

MRT = Our PUT ACECERA 775

V4 V4 rr

7R S wsrEe

V. 7esT
P AME YR PDSE SEEC/AL TES T ERUIPMENT FPARAMETERS MEASURED
arsT | ESTABUS SAFE WOROWS PRESSURE | BAST™ ENULDSURE  (SUE. com/TRACT) FRESSURE
w&mﬁa«/ ESTABLISH  EUPURINCE LEVELS VIBE. FINTURE & ISK SHAKER IWRITE OUT PUT  AcCEeRATION
” * w ' V4 7 7" " FZES /s i Ve s’
FFAé /1/7')’ H I ri 7” 1/ 5“’&/ £ Yid #” . ”
” g Yz ot ” " I 1t I 14 124
e " ’” ” ” 1 ¥4 17 2 " 2 ” "
7" " “” o H Vi # " " ” ! £ 174
I ” 4 " ® # " i 7 Y7 a4 14 i
” #” 4 . 1 4 #* 4 ” . \ s o ol
T HSTERESIS | EBTARSH RESpUN STRIN RATE | STATIC STWD ¢ JACK LOAD § STRAIAS " L
-95 }//%m/s‘/z// ” 7 I 7" " : V4 ,7 ” ‘-g o’
:<>D STATIC LOAP | PROVE STRUCTURE PESIGA ST STANG, PUMA 1S & JACKS FESIDUAL DECEMTER = TILT AT OFPTICS IS TECT IS L
Q VBRATON # ” YL | VBR FIXTURE, $LIPTABLE, Y BOK SHAKER MOLE SAHAPES, THANS A5 SIPAL OFTIS TH fsﬂﬁz. PTR £ INSFEC, E}\»@
S VIBK/ oK | ESTABLISH ENPURIMNCE LEVELS | VIBE FIiTeRES & /5K SHAKER WRT £ QUTROT  ACCE tE AT ION ” ”S
D FRAGIITY o " ” % & A x “ o . zesian/ L@
5‘ o-
2 g
[} ’ .
N VBRATION FROVE  DESIGN & WORKMANSHIZ | VIBE F/XTURFS ; £ s SARER MRYT & OUTFYT  ACCECER] TIOA INCFECT /O N ¢
S ” " % gz VIER TR, 3P TABLE, £ 5on SHAxER " “ “r ’” o
g VIBE/ STA T PROVLE FHM POES MOT SLIP O P, VIBF FIXTURE /57(5///4%5% CEN 71U /505(&/»’71) FIAD SLIF, SRATCA ABRASION | (OA L o ‘gr
= £
g , 3
Q VIBRATION | FROVE DESIGA/s WoRKMANSHIP | WER FUTURE , SUPTARE  SOX SHARER INTUT £ QUTRUT  ACCEL FRE TIOA HAEFPECTION D
g " JETERMINE MOPE SHIFES & TRINSMIESION | /< MOK U oF 7 BAK DUHMIES , Sk S AAREL MOOE SUAFES | TERANSMISS/OAS PTR 3
Q PROVE ZESIGN STATH. STANE, OFT BAK PLIMMIES, JAKS STHAING | FEALECTIONSS, AL §:>
o




%P
o
oo

t7p
AEP

— BN e e e b e

SEEC/AL JEST EQUIFHENT

FARA METERS  AMEASURED

SNVNBAPONINT FALURE SATES
VERIFY COMPONENT HLEL TN ¢ PESIGN

LETEEMWE A5SY FANURE RATE
VARIEY (OW PONEWT SELECTION & DESIOA

o ’ I 1%

V4

SELETONEDEISN | PIESSURE SUPRLY, FILM FATH MAUP, 160 SOURE .

PRESSURE SuPRLY | SIGMAL SOURCE
ASSY FRAME |, GAUGES , JACAS

OFT . BAR MOCRUP, SYFFDAT, ALIGHMEN T BEMA, SISHAC S0UREE
AssY BEAEL, AL/GNMIENT TOOLS ) S/ (PHIAL SCLRCE
ASSY BEACH, /G4 L SOURCE

ASSY BENCH, MIGHMENT TOOLS, SHar At SOLREEF
BIGHAL SOUFCES

EXHISST KATES, FLM TTACK ING FRESSURE, IALVE OFW'S
FROBABILITY OF FANURE
EEARING JOKE | STIFENESS | ECLENTRIGTY, FIT

7” pad

FARIFER ERROR, SERW FRESPNSE | FIT
” " BEARMEG NOVSE ,SERVO FESFPENSE, FIT
Clss 7o M/cw?’é—'/ BLATE FLLTIER, /IMPACT NOISE -
BAL RACE STIFRUESS £ MOISE | FOLIOW P ACCURICY
FREQUEMCY FESTONSE | TIMING, FOWER , £ T<.

JESIGA! 9 MED

| #ee sdzesry  Appdc,
| DES/IGAS INFO

v’ ot

#r IZa

re 4

REL/AEILITY AL,

PESIGLS WFEO

[Xe 44

o o s

ASSY TERIORMANCE  CHEA

yZs ) 44 v/

14 s I

Y

. /

A5V 7 ALIGH MENT BEACH
ASSY F ALIAI MIERT BEMK , UM PATH | CONSOLE
AssY & ALsrmEn T BEMCH

STATIC ALIGAMEANT , FUMN /MG TORUE »
UM TRACK, ACTUATOR OF NS, SERVD RESFONSE, BALANCE
STATI. ALIGNUENT,, RN ING TORRUE , ELEC. CONTINUVITY

| wsrEcTION 2O

s ¢

o 24

rd i ’z 4
TEMOY STRATE K1 WATHIM  TRLRANCGE
o PR FATNESS

ASSY  EECROSMANGE cHEeh

TEST TIAND, CAMERA (WsE
" ” | SCIEEN ROOM
’ o rmiEss TEsTER F
TEST BEMH, O TACEOP con/SOLE

FUM TRACK | SERVO OPN'S

FE FELD STXEMGTH & SPECTRUM
FUM FIATIESS AT FOAE PLANE
SERVD OFNS

7 4
24 L4

144 144

INSPECTION - L6 T

S| 4J:OJ be/\OJddV“;wl .

e
15

i

$660500 60/+70/120C ‘osea|ay 10} parosday
R ,

i

’” ’ , v ,/ R

4 o er -
FENBSTRITE I WITHIN TOEFANCE
ASSY FPERFORMAMGE CHECK
- FEMENSTRATE FF1 WIHIN TOEFAVCE.

TEST STAMP, SYSTEM LOMSOLE
BECTROMICS WWIT CONSOLE
” , e . SCRELAS EWM
&) COMSHE, OPTIAL FEACH
w0 BCREFEA ROOM

SEOUEMEIASG, SERVO OPMS, FIM TRACK

FOWER, SEQUENCING , SERVD FESPONSE |

FE FUELD STREIGTE < SFECT XUM \
Bl AIGA MEAT, ACTUATOR OFN'S, FiM TRACH
KIF FIALP SIRENGTH AS2EC7 pm

et

| wspecron oo

’” )
.’ i 1

r 5 T

s N e

Wi e

715660500 60/90/1202 :9SER]2

(ALMIRGIMENTAL £ HEADT TESTS)

TS .
ORTATOMAL AUCILITY CHECK .
FIIL SVSTEM PERORMANCE CHECK

CMERA SIMUATOR, LAYMCH CONISOLE-
FORTARE COLLIMATOR, SKTEMCONSOE, AL GAMEN ) T00LS
AMERA  Z/M LA TOR

Of’/f‘ o L " A1

N BN TAKE 1P T S A TR

BUP AR IN G ¢ HANPNG ERUF, INTERFACE
CAMERA - S/E A/ SAHENT, FLECT. MIETACE, IMAGE QUM ITY

Cippare PYESISTIEM SHUTE, WEISH] HEATSDUCES, £LECT

( ST TARED 5 nes T SMTE , WEIGHT , HEAT SOUCE)

i

174 144

/(/04/5—'
WOk

S
. x_J::‘. N

ISFECT pORS LOG




16660500 60/70/120¢ 439599}9&! 10} pe/\O‘JddV.

-,

o G~ QUALIFICATION .
A AGCEPTAUCE . 7
b= DEVELOPMENT

Flersummary
H'AMB/&W COFPERATE TESTS

T ———
NTEST Vs v TEST : . (TRGE. 4
TYZE [ 35T MAME FPURPESE SFEC /AL TEST EGUIFHENT /‘%ﬁAMEzf{gs
; . 3 ) . : A /‘ - k
. . . : . R 1] ! -
. P/VA//AW/( 5}?7541 P B | BUSSBAARD | VERIFY COMPDNENT SELECTIONE DEH6H | PRESSURE SUPRLY, FUMBRTH MOLYP, 5 1600L SOURE . Mz
- ',Wéwm/’?( SISTEM 2R  RELIABRLTY DETERMINE COMPONENT /—74/41/{5 TATES | PAESS UFF swﬁﬁzy s/aA/Aé SOURCE PROBABILITY 0' pe =2 PN,
LBROL ASSY | R | 5z | BRASSRARD WMM)’M&W flf{?’/o,ve PESIGN | ASSY FRAME , 640655 ACKS BFARING /W/ff mFFA/fﬁS LN
OPT Ik BEARwes D LB | Ak iATION “ ” o ” ” K ” ” " o
i 1 0. 1;3.4\ -BRASS FOARL ” . % Pl OFT. BAK MO UF, S9FFORT, ALIGH MENT BEMK. SIGMAC S0RCE | FAKOEER FREOR, ﬂwm FESFup
2 -"3_-6 S ” " ” v ASSY BEACH , ALIGNMENT TOOLS , SIGAMAL SQURCE ” Y BEARNG hovs
, ;?JTJ%WTER’ Assy D 3G | REMFIITY | [TEMMNE ASSY FALURE »60/725 ASSY BEACH, S/GA/4 L SOURCE CelEs 70 ﬁalzwm, BLAFE FLLT
L /M C. Pﬂyﬁ ASSY | D | 3.6 | BRASSBOARP VARIFY (OMPONENT SELECTION £ DESIGA | ASSY BEMCH, AUGNMENT T00LS, SIGMAL SOUREE BAU FACE STIFFIESS LHOE, oL
' ,ﬁfcr Assy (18) | D7 |30\ srEADEOARD | # ” o) S/IGNAL SOURCES FREQUEMNY RESFONSE | 7IMIN #
i Ass;’ 451/.&: 27 ‘ : . @
KR . . e : @ -’
- 50@2!}’ .E,(/ﬂ Assy 1 QA e /| a7 ASSY FERFOMANCE MR AssY "Wstrs R T BEAICH * STATIC ALIENMEAMT, ,w/m&a
Wfﬂfr ASSY | QYA 149.2 . ” i “ assr Az/wwwf BEMK , M BATH , COWSOLE FUN TEACK ACTUATOR oF VS, S x
TAE UV.EW ASSy | QA (4.9 . “ i “ Ass»’fAL/é/l/MEA/r BEMCH STATI. ALLGIUENT, WA/,U/zV{I’ACD
o -
Assy ZEVEA _222‘ o
. 4 D
CAME/?A' QA |5/ | ewEeeT v ‘ . TEST ZTAND , CAMERA covsols EUM TEACK ,SE/FVD%?A/S“‘;\',
CAMERA Q (&t rRF/ DEMON STRATE FEI WITHN  TERAME ” o | SCAEEN ROPM | FF FIFLD STREMGTH £ SPECTRQ
AMERA QA | &7 | sl RATHESS ” FHM FLATNESS ’ ” JRATIESS TESTER M| sudd FuaTivESs AT Focal P<g=_~
N TAKE U QA | &9 | cHERoUT ASSY FECFORMANGE CAECX TEST BEAMYH, SO TAKEOP coh/SOLE SERVD OFMS g _
AASSY 28vEL T 8
. AMERA sy57EM QA | 6.1 | curtonT d o ” TEST STANP | SYSTEN (OMSOLE SEQUEMCIAS G, SERIO O3, / ;b
AMERA Fre7T (A 8.2 2 7 ” “ BECTROMKS UNIT COLSOLE FOWER, 5504/5(/(//1/(,, SERNS
PMERA £UCT | Q6T | RFE/ TEMBYSTRATE K/ WITH /W TOERANCE ” v v SCREEA ROOM s 8 —'f&‘g
X QA 6.8 | CHECA DT | ASSY PERFORMAME CHEKX B COMSOLE | OPTICAL BENCH ¥
Q (63| FF/ TEMINSTRATE KF1 WHTHIN TRERANCE . | SCREFAS ROOH Cy
p |73 | cuecnoor OFERATOMAL  FACILITY CHECH . AMERY SIMUATOR, LAUNCH COASOL L
A |79 o FINAL SYSTEM PERFORMANCE CHECK | TORTABLE COLLIMATER, SHTEMCOVSOLE, ALGIMEN T T00lS



1G. 8 — SUMMARY

THERMAL- VACUUM TESTS

eo|9y JoJ peAOJddV

',iVL9660900 60/¥0/120¢ -9s

'__fl

7

e PFECIAL TEST EQUIFPMENT ‘
(OB NETLFT) T prsmmner | orapenr | (ToRR) FARAMETERS MEA SURED FORM “OF REFORT
VERIFY COMPONENT ZESIGN | 8X/5 STEARY | LWIFORM o3 LXHAUST FATE LEAKAGE-, A TUATOR  DPI/S LESGA INFD
FROE DESGA SX 5 “ ” ‘v TEMFE. RESPONSE, RUMMIIA G 7O RRUE- LAISFESTION LOCr -
PETERMINE: LIFE JA) WACOUM | BELL VAR " 7 10=% TIME TO FALURE: | LING LCAPS RELABILITY AMAL.
FROVE- DE-S(GM ' SX5 v “ /o3 TEM P FESFBNSE, RUNVAG TORGUE MISFECTION 06
PETERMIME TEME SENSITIVITY " 1 WPERTURE WEATIVG| 1O-3 FIGURE AP FRCUS CHANGE ZrR
DETERMIME CCVAK TANCES A ” LA IFDRM Virach COMPUCTARIEE CHAMGE WITH PRESSURE DESIGA  JAFO, _
' SR G JAR " & 1o TEMF, PROF ACKDSS JOINT ” >
FETERMME o<, € v " o i ABSCRPTIVTY & EM/Ssivry " 3
7| AUBRATE LEWUATE MOUNTHG | T “ ” " TEMP SNSEL V5 STANOAR L ¢ o e
| ROVE PES/GN o " " " TEMP. FEAK & FURTRIAL TRIET INSPECTION (e R
. é“__
JCE R
E | RVE DESIN £ WORIMAN P X5 " oy " TEA 7 RESTONSE, Al OPW3 IR WS PEETIY wo &
| e oPride sewsrviry | exrs LT Vel oo vt ai oy P 5%2"2’2:2?’5 TRAVSENTE N prR @
| PrvE ESHA £ WORK NS 1P 8X/S STEAZY ONIEORM “ VAL, FDLAL SHiFET, IMAGE QUALITY IS PECTICN (O o
. 10 -5 AR § ‘
L AYE pz—‘szo,w WORK MANS K17 8X/5T | MISHOA FROMRE VENKE S { 10-3 4 FUL FIELD PIIMIC RESQLYTIDN , ALLPEW S I NSFECTION (X5 S
= & SXE STEADY LUIFORM /0" TEMP, FESFONSE, JLL OFH'S !‘ o o S
: -G~
%;g MEEK UP EVAOATION . OF TEMP FIED| 20X 25 \WISsion AROALE | VIEH/ICLE. SIM, o SIKESTIME TEMP RESFEMSES L an
%’ PROVE ﬁS/Wz' WMM#/P 20XZS " g . ' 107 e ENTER FIELD  DIRMIC RESDLUTION, AL DFN'S /4/577567/»0/(/ we ™
% SXE STEAPY NFCRM 1073 TEMP KESFOMSE, EIECT RIAL FESFOARE # %
" TXS .~ " 1073 TEMF /1’.55/’0/1/5/: ALl OPVS o %

I}

L DTR~ Frpassl LE’VE—'W/V}‘

7TEST ﬁ’EP&k‘r

T e R

DT T O e M T SR S P




FIG. 8 — SUMMARY

o THERMAL-VAUUM TESTS
T O B ol 1 v e | il Tewp o
. TEST ITEM . |vee | AAME AR POS~ : e ] VACUUM
S S TASECT (A XNETHFT)| 77ANSIENT | GRADIENT | (TORR)
ASSY (EVEL T :
PNEUMATI SISTEM| P | 3.7 | BRASSBOARD | VERIFY COMPONENT CESIGN | 8X/5” STEARY | tuForM | 103 ﬁY//A&Sl‘,%mLEAXAGg
I Assy. | @ |32 |.ommRaTE | RovE DESIGN , 5x5 " o o TEMP. RESPONSE R
SUPRWNG TP 54, RELIABILITY PETERMINE. LIFE (A ACOUM EELL AR . ” o~F TIME TO FALURE :UAEA/
| mEmRMS M. 4>’S)’ @ |BEMCFERATE | PROVE DESIGN ‘ Sxs5 oo " o TEM P RESPONSE, RU
CPrHAL Ez&m@ P Z8 & VALLA TIOR | BETERMINE TEMF :r/vs/r/wrr " " WPEXTURE HEATING 03 ;r/(;ar,_ci AL /—2{’1/5/ c/;
‘ woriy | o fse | PEPERMINE CONPK TANCES S “ wwirorM | 1075 COMPICTANCE Gth =
5 COUTACT FEISTAMCE| D |59 . “ & File AR “ i 197 TEME, FROF Am’o;s%'
=B RWHCE ROGHTUES | P |39 . FETERMMNE o<, & PR 9 . i g2
2 _ ’ . " ABSCRPT1/TY # EO 52
S | e reansawexs | 2 |5.9 | cavmmmrrons | causrare emanre wowrwe | 0 o ’ . " TEAdE S 3
Q| EE /{55}/’5 8) | ofa | dee| e, PERATE | mROVE PES/GN 0w , e > V587
= / ' ’ ‘ “ " TEME FEAK & Fa—wz
D sy LEVEC 7Y @’
g TRAMSPORT™ Assy W/& /4 \a.z | v, oreraze| move DESIGN & WERUMAN AP X5 z . “ “ TEM 7. RESFDMSE, 8
@ g;ﬁ;?ﬁt BAR AsSY | 7 |a.3 | werm seasrtmy CETERMINE  OPTICAL SENSITN/TY ' sx/5 TIRANS IEA) T x@m”ﬁﬁéﬁ% . serrers of 6%»/‘2«’9 4
1 A 5 y - . @ IMAGLE Gt iT
S AL FARASSY QA 4.5 | THERMALJUBL. | FRVE ZESISN £ WORKMANS /P Bx1S STEADY URIECR M ’ VA, POcAL SpeT, B,,
S TASSY LEVEL . ﬂ A 5—-
S LAMERA: QA 5| THERMAL MC, | P : - { Pt 3
< RNV T K up an |54l v cmmoare RONE FESGHN ¢ WORK MANSH 1~ BX/ST\MISSION FROE HEE s, (L0 P He | e FELD poic RE S
3 , X . 5K S STEADY LWL EFORNVY o TEMP. FESFOMSE Ay S¢
§ o sy LR T §m
> - . 64 el & ) B
s MERA, W&M 01;\ 6/ mfimz/mc. MEK VP EVAUATION OF TEMF AED| 20 X 25 AISSIO RORLE | VIERICLE SIM. ol 5 , B
&./ ’ FROVE LIESIGAL ¢ WORAMAN 1P p " o . 1075 AR ‘ . :
QA oz |\weomarE | v o N Rl 10 e @ v
an les]| - B ) | ” SXE STEAPY MIECFM 10-3 " X
A , 5— X 5- i e P ) ' é
10 e
. P pevecOP MV .t




e
Approved for Release: 2021/04/09 C05099514 o

PROJEC I SECUKE 9204 TP-5

2.0 TEST PARAMETERS
2.1 AMBIENT ELECTRICAL TESTS

2.1.1 Subassembly and Component Checkout

Components and groups of components which can be tested as
subassemblies will be checked and qualified separately to establish
probable failure modes and performance specifications under simulated

ambient operating conditions.

1. Motors ~ In addition to verification of the motor para-
meters used in the servo dasign, the motors will be checked for
ingulation resistance,; armature resistance, hot spots, brush resis-
tance, and brush noise. Analysis of these test results with regard
to specifications and failure modes will reduce the chances of
marginal motor performance,

2, Encoders ~ The encoders, with their electronies, will be
tested for missing pulses and pulse jitter to speeds in excess of
that required for system operation to determine if marginal operation
may exist. After mounting, the encoders will be checked for pulse
position accuracy. The encoders and associated electronics will be
checked for electrical irregularities which indicate the possibility
of later failure.

3. Solenoids - The solenoid parémetera of interest are coil
resistance, inductance, hot spots, and torque or force through the
operating range of travel.

’ 4. Tachometers - Tachometers will be tssted for insulation
regsistance, brush noise and ripple, output impedance, and output
voltage as a function of speed in both directions of rotation and

over a speed range in excess of that required by the system design.
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5. Amplifiers - Alml’lifiers will be tested for input and output
impedance, power output, efficiency, gain and phase versus frequency,
and a check that all voltages and signal amplitudes are correct and
within design tolerences for each stage. | _

6. Relays - Relays will be checked for coil resistance,
inductance, contact resistance and bounce, operating and release
time. |

7. Logic Modules - The logic subassemblies will be inspected

and checked to determine that the electrical parameters are within
the design tolerences. In addition to impedance levels, voltages,
and currents; such things as phlse width, rise time, pulse delay, and
maximum pulse rate will be checked. '

8. Wiring Harnesses - Wiring hdrnesses and conidectors will be

inspected for proper compliance with specifications. Such factors
ag cable temperature rise and effectiveness of shielding and crosstalk
will be determined during the test program.

9. Power Supply Regulators - The power supply regulators will

be tested to determine their efficiency, regulation, transient re-

sponse, and performance under overload conditions.

2.1.2 Subsystem Checkout

The subassemblies will be combined into subsystems and tested to
determine their compliance with design specifications. Simulation of
signals and asssembli{es will be used wherever it will expedite evalua-

tion of the actual hardware or design.

1. Spool Servo Subsystem - The servo response of the subsystem

will be completely determined for compliance with the design specifica-
tions., The tests will include determination of the frequency, phase,
and transient response over a range of film speeds and accelerations.
It will be necessary to simulate the film drum subsystem until the

actual film drum hardware is available and fully tested.
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2. Bar Servo Subsystem - The components which will require

simulation until actual hardware is . available will be the optical
bér inertial load and the control logic. The torque motor and
encoder will be assembled on the shaft and the motor and encoder
parameters determined, Particular attention will be paid to the
encoder alignment and positional accuracy. The subsystem servo
response characteristics will be measured for both normal torque
loads and disturbances as well as for overload conditions to deter-
mine the performance margins.

3. Drum Servo Subsystem - A breadboard of the control logic

and an inertial model of the film drum will be required. The
complete servo response will be measured and checked against the
design specifications.

4. Film Position Sensor - The film position sensor will be

tested by rotating a piece of film with a punched hole in it between
the infrared source and the receiver. The output pulse amplitude
and waveform will be checked over a range of operating speeds and
supply voltages. A piece of live film will be used and developed
to determine that the IR filters are not letting through any wave-
lengths that will detrimentally expose film.

5. Fiducial -and Data Block - The fiducial and data block

consist of the lamp circuits and the power converter. The testing
of the lamp output and exposure time will be done using live film
which is moving at a known velocity. The power converter output
will be monitored while the lamps are firing to ascertain that it
can, in fact, provide and maintain the required voltage over the -
range of lamp firing rates used. If the control logic is not
available at the time, it will be simulated to provide the proper

firing rates.
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6. IMC Servo Subsystem - The torque motor and the encoder can
be assembled to the lead screw and a simulated load attached to the

nut, The IMC is a position servo and as such the servo response tests
involve Buch things as static angular error and the following angular
error at various speeds. Complete testiﬁg and verificﬁtion of design
goals will be done.

7. S1it Control Subsystem ~ The slit control servo loop will

be tested for {ts response as a position mervo,

8. Control Logic and Programmer - The control logic and pro-

grammey will be tested for correct function, timing, wave shape, and
pulse amplitudes at normal, high and low supﬁly voltages. Some
simple simulation will be required to generate control commands and
encoder outputs,

9, Momentum Balance - The momentum balance servo can readily

be run as a separate subsystem and its servo response determined
using the control logic.

10. RV Spool Servo Subsystem - The servo résponse of the RV

spool servos will be completely determined and the interaction of
the RV spool serves and the camera spool servos tested for proper

and reliable operation.

2.1.3 System Checkout

There are several classes of tests which the completed system
must undergo: Servo response characteristics, synchronization of
various parts of the system, electrical interches, and power

distribution.

1. Servo Response Cheracteristics - As the simulated inertial

loads, bearing and viscous friction, and torque disturbances used in

the subsystem testing may not have exactly represented those of the
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completed system, the servos must be retested to obtain actual
operating data. The tests will include phase, frequency, and
trangient responses taken over a range of voltages, film speeds,
and accelerations.

2. S8ynchronization - Typlical of the thinge which must be

synchronized to the bar rotation are the film drum velocity, the
MC velocify and position, the momentum balance velocity, the
shutter timing, the fiducial and data block opération, and the
time of brake operation. It must be established that everything
is working as a coherent system, '

3. Electrical Interfaces - The electrical interféces of the

system can now be checked for proper operation and signal levels
between the interrelated parts of the system and the vehicle.
Careful attention must be paid to developing diagnostic informa-
tion based on the information available from these signalﬁ.

4, Power Distribution - With actual system loads available,

the voltage regulators, power distribution wiring, and the ground
system, must be carefully checked for any abnormalities which may
indicate possible trouble. Voltage drops and transient noises on

the lines should be recorded for future reference,

2.1.4 sttem RFI

The camera system shall be tested with equipment and procedures
consistent with range requirements in order to assure tolerable
mutual radio frequency interference with other items installed in
the vehicle and to assure effective total system operation. RFI
tests will be conducted on major electrical assemblies in a screen
room, with instrumentation to measure emitted RF. field strength

and spectrum at all points on the test object.
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2.2 AMBIENT MECHANICAL/OPTICAL TESTS

2.2.1 'Subassembly and Component Checkout

Components and subassemblies will be tested to assure
conformance with applicable specifications and drawings. Ball
bearinge, shafts, film drive drum, rollers, motors and encoders,
require dimensional inspection to insure proper fits in following
subassemblies. Subassemblies with rotating parts such as film
rollers, metering drum, focal plane rollers, and the assembled

camera will undergo tests of static and dynamic balance. These

tests will require support fixtures for the bearings and equip-

ment to drive the rollers, plus force transducer instrumentation
to measure dynamic balance. Subassemblies will be checked for
bearing noise, static and dynamic torque, eccentricity of rotating
parts and alignment. For instance the focal plane rollers shall
be checked for runout, bearing noise, static and dynamic torque,

roller parallelism, and dynamic balance.

2.2.2 Optical Checkout

Optical components and subassemblies will be checked at ambient
for image quality to determine the effects of mounting stress. These
tests will require optical test equipment such as large aperture jig
transits, aligmment theodolites, and astronomical quality large

aperture collimators.

Both static and dynamic focus tests will be required to assure

optimum image quality and focal surface location.

Alignment of the optical axis and opticdl bar and film metering
drum orientation is required to ascertain they are within the toler-

anceg allowable by the system error budget.
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2.2,3 System Checkout

1. Optical Bar/Interface Alignment - The optical bars are

positioned relative to the truss mounting plane with their axes

of rotation parallel to the orbital plane and lines of sight 15°
to nadir. Alignment instrumentation suitable to locate the truss
inter face plane and optical bar rotation axes is required for this
alignment,.

2. Film Tracking - The film path from the main camera

assembly to the recovery vehicle requires alignment to assure
proper film tracking from the cut/splice assembly on the optical
bar skew arm to the cut/seal assembly and recovery vehicle infeed
rollers. Light tightness and film tracking tests will be required
to assure acceptable performance.

3. Line of Sight/Vehicle Alignment - The optical lines of

sight require alignment to the wehicle attitude reference. Since
the fiducial marker is projected on to the back of the film, it
may also be used to locate the optical bar line of sight. A large
aperture jig transit will be squared on to the flat surface of the
corrector lens and then translated to coincide with the line of
sight as determined by the fiducial marker. The vehicle attitude

reference will be aligned to this reference.

2.3 THERMAL TESTS

2.3.1 Environmental Parameters

The spatial environment ie characterized by extremely low
presgures, and the predominance of radiation as & mode of heat
transfer. In the case of an earth orbiting space vehicle, the
transient temperature behavior of & vehicle surface segment may
be obtained through the solution of the following differential

equation.
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= temperature of sheli, *R

= time, hours

= mass of satellite surface, LBM

= gpecific heat, btu/LBM -°F

= gurface area of satellite, ft?

= lateral heat load, btu/hr

= Stephan-Boltzmann constant 0.1713 x 10~% btu/hr-f£t®-°F
= gmolar absorptivity of satellite

= infrared absorptivity of satellite

= gbsorptivity to reflected solar

= gaometric form factor for direct solar radiation

= geometric form factor for planetary emission

= geometric form factor for reflected solar radiation
= golar constant, btu/hr-ft?

= planetary emission, btu/hr-ft?

= reflected solar energy from planet, btu/hr-ft?

= emissivity of satellite surface
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The solution to this equation for a complex system can only be
obtained with modern digital computer techniques. Even using such
techniques, input to the computer requires creation of a model,
which is complicated by.heat absorbing capacity, localized heat
sources, geometry of radiating surfaces and the conduction mode
of heat transfer. In ﬁhe case of the main camera assembly, a

model containing approximately 150 nodes is required to approximate

the trangient temperature field within and on the surface of the
system, The imposed heat flux on vehicle surfaces is both time and

space dependent,

Tests to be conducted are dependent, in large part, on analytical
prediction of average temperature levels and gradients. Utilization
of these magnitudes constitutes a valid approsch 1if the parameters
used as input to the analyses are well-founded. Such is the case
only if test and analyses are related in a logical plan of system

development.

The environment that the test chamber must simulate are the
vacuum conditions and the thermal radiation field experienced by a
near earth satellite. Here simulation does not mean an exact dupli-
cation of the actual conditions that occur but rather the creation of
environmental conditions that will produce essentially the same

thermal response as occurs in the actual system,

The thermal radiation field to which the camera system will be

exposed is composed of the direct solar radiation (insolation), the
solar energy reflected from the earth (albedo), and the energy
emitted by the earth (earthshine). For any surface of the camera
system, then, the impinging radiation at a given time has a spectral
character and intensity that depends on the direction from which the

radiation is coming. Relative to a given surface of the system, this
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radiation field is continually varying with time or the position of
the satellite in its orbit. There are no existing facilities that
can duplicate all the features of this space thermal environment at
one time. Some facilities can aimulate‘the parallel energy of the
insolation,that is adequate for deep space simulation, however, when

near earth satellites are considered duplication of the directions

of the spectrally correct radiation coming from the earth to the
various surface elements of the system is currently beyond the

testing art.

_ An alternate and preferred approach to the simulation of the
energy lmpinging on each element of surface is the simulation of
the energy absorbed by each element of the surface. This appreoach
eliminates the need for duplicating the directions and spectral
content of the impinging energy on all opaque surfaces. For sur-
faces transparent to the short wave radiation of the insolation
and albedo radiation, it is still necessary to simulate the spec-
tral content of the radiation but this can Be cdnfined‘to the limited
aress where transparent materiagls oceur. It is this approach that

is used in the current test program to achietg the proper "hot-house"

effect.

2.3.2 Properties of System

The subsystem evaluation program providee early identification
of problem areas, and information needed for correction; but requirea 
isolation of the subsystem from the remainder of the system except
insofar as simulation is possible. Actual hardware will be utilized
in subsystem tests whenever possible. If scheduling forces the use
of thermal mock-ups of components, exceptional care in the design of

these mock-ups will be required to assure significant test results.
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The use of mock-ups, if valid results are to,be obtained, places
stringent requirements on duplication of surface finish, geometrical

relationships, and other significant properties.

1. Sur face Emissivity and Absorptivity - Since radiation is

the predominant mode of heat transfer in space, close coﬁtrol must
be maintained over the determination of these properties. Total
hemispherical valves are easily obtained through existing thermo-
physical measurement techniques, near the room temperature level.

2. Geometrical Configuration Factors - The view factor is

defined as the fraction of energy emitted from a black emitter which
is intercepted by a receiving surface. Surface orientation and
directional characteristics require exact'duplication in test facility
design.

3. Conduction Paths - The evaluation of thermal conduction

paths requires that thermal conductivities and the configuration
be defined. Discontinuities in the structure, and interfaces as
found in bearings present formidable analytical problems. The
temperature field in composite structures must be determined through

test.

4. Heat Capacity - The heat capacity of a body assumes
importance when thermal transients are involved. The design of a
radiating panel whose temperature must vary with time, réquires
analysis considering the heat capacity of the panel. Thermal effects
are damped in the camera structure, through its heat capacity, when
subjected to external forcing.

5. Coefficients of Expansion - Thermal coefficients of

expansion and their matching is of particular significance in the
optical assembly where small thermal growths, with a change in

temperature level, result in defocusing. In addition, differential
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expansion across a bearing can result in accelerating féilu:e through
frictional heating, in precision bearings, and eventual seizure.

Analytically determined coefficients of expansion for optical metering
rods will be obtained through alloying and checked with dialotometers,
Thermal testing of the optical system at prescribed temperature levels

is required for complete evaluation.

2.3.3 Parameters of Response

The overall objectives of the thermal test program are to obtain
the basic thermal data required as input for thermal design and then
of proving experimentally that the optical system as designed can

operate satisfactorily in the imposed space thermal environment.

Thermal tests to be performed will generally fall into three

classes: 1 - those that provide basic information needed in the
‘thermal, structural, and eptical design; 2 - those that test and

suggest changes in the thermal designs of complete assemblies,
such as & single camera, and 3 - those that test the design of
the complete system in order to eveluate the interaction of the
various parts. The last of the latter tests, after developmental

design changes have been made, become the qualification tests.

In most of these tests, it will be necessary to make measure-
ments of other quantities in addition to the temperature measurements.
For example, in tests of the thermal behavior of surface finishes, it
will be necessary to measure héat~flow rates either by calorimetry
or with heat-flow meters. In tests of optical subassemblies, such
as the field flattener, it will be necessary to pass collimated
light through the units to make optical-measurements as Eemperature
gradients and various lévels are imposed on these elements. TFor the
system as a whole, strain gage measurements and laser interferometers
will be required to check the alignments and distortions of the

optical elements during thermal test. Tempersgture distributions
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alone yield a check on the thermal desipn, however, their allowable
ranges and distributions cannot be predetermined with certainty by
analysis alone but must be established through measurements of their

congequences,

Specifically, the objectives of the thermal tests can be listed

in their chronological order as follows:

1. To evaluate those inputs to the thermal'design that
require experimental information. This covers such quantities as
the thermal behavior of specialized surface finishes to be employved
in the camera system where handbook daﬁa are either unavailable or
inadequate, In addition, some information on the thermal absorption

‘characteristics of the refractor materials in the system will be
required. It will also be necessary to experimentally evaluate heat
conduction paths within structurally complex subassemblies (bearings,
drives, yokes, etc.) and within assemblies (mirtor-bezel combinations,
lens-lens tube combinations, etc.) needed as input in the thermal
design. Emphasis should be placed here on actual contact resistances
to heat flow that cannot be evaluated analytically.

2. To establisgh temperature requirements of mechanical,
electronic, and optical components, and their immediate surroundings
from the viewpoint of reliability and loss of performance.

3. To evaluate complete assemblies, such“as a single camera,
by means of temperature measurements, strain measurements, and optical
tests to establish conformance with the thermal design and the
necessary tempergture limits throughout the unit.

4, To evaluate the complete system (cameras, support-structure,
vehicle skin) in order to determine the interaction of the thermal
stresses and strains of the various parts and their optical consequences,
Again, temperature limits will be evaluated and degign changes suggasated
by theese results in developmental tests, The final test of this series

will act as the qualification test.
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2.4 VACUUM TESTS

2.4,1 Environmental Parameters

Although the pressure outside the orbiting spacecraft is on the
order of 10~% mm Hg, the internal pressure will be much higher. The
principal source of internal pressurization will be operation of the

gas-lﬁbricated film rolls, with almost negligible contributions from

outgassing of the film and other materials. Since the pressure level
significantly affects a number of system functiona, as discussed in

the following section, the system test program must accurately de-

termine the pressure field existing during system operation. It

follows that the test facility must have the capabilit§ to produce
the gas flow rates expected from point to point in the system, and
that the system mockup must accurately represent the orifice areas

existing from zone to zone.

Preliminary analysis of the gas-bars indicates a required mass
flow rate per bar of 3.3 x 10°% 1b/sec of Helium exhausting to nil
ambient pressure. The analysis neglects the effect of supersonic
shock produced at the edges of the bearing area, where expansion
will be large., Using the figure, the pressure within the camera
increases from zero to a steady value of 6 x 10”2 mm Hg in one half
second from start of flow., At this pressure, the mean-free-path of
Helium molecules is about 0.01 inch, so a continuum flow model is
‘used., When expanded to 10°° mm Hg, the system flow through 30 gas
bars is 22.8 x 10° liters/second; this excludes the recovery takeup

system which does not operate concurrently.

2.4.2 Response Parameters

1. Film Bar Gas Consumption - Gas consumption and presaure

levels have been predicted with viscous flow theory. 1In the low
pressure region, however, experimental effort is required to fix

parametérs and minimize flow rates. Shock waves at the edge of
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the film, where the gas discharges into an extremely low pressure
zone, must be studied to determine their effect on gas consumption
and film stability and control. ' A

2. Focal Shift - The refractive index of air produces a shift
in the focal length of the optics when measured at ambient. This
shift will be measured and the focal plane set at the proper location
for wvacuum operatien. '

3. Material Pegradation - The degradation of materials in

[

the vacuum environment can be attributed to evaporation and out-
gassing. Certain plastic materiale become embrittled or change
dimensionally with loss of their water content. Particular emphasis
must be placed on the evaluation of film when its water content is
diminished,

4. Lubrication Degradation - The conventional organic base

materials are not suitable for bearing lubrication in the vacuum
environment. Loss of volatileg,accompanying vacuum operation,
greatly diminishes their lubrication properties. Dry lubricants,

or operation without lubrication, if periods of operation are brief,
must be evaluated as alternates.

5. Ineulation Effectiveness -~ The effectiveness of reflective-

type insulation is lessened ass the pressure is increased. At increased

pressure levels, gaseous conduction, acting in parallel with radiation,

must be considered. The information provided below shows the diminiéhed
effectiveness of NRC-2 as pressure is increased (Source: N.R.C.,

Cambridge, Mass.).

Crinkled Foil
65 layers/inch

Pressure (mm Hg) Apparent K(Btu/hr-ft-°R)
1.0 5 x 1073
1 x 1072 5 % 10-4
1 x 1075 2.4 x 107
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Since the system is pressurized with the gas released from
film bars, venting techniques and the efficiency of the insulation
design must be evaluated in the environmental test chamber.

6. Corona Discharge - The passage of flim over a system

of rollers or gas bars results in an accumulation of charge and
eventual discharge as corona., Partial illumination and exposure

of film through corona results. Since corona currents have most
often been experienced in the pressure range from 103 to 102 mm Hg,
the usual and most successful means of preventing discharge has been
to pressurize the film transport area to 5 x 102 mm Hg or higher
pressure.

Extreme difficulty is encountered in the prediction of
corona as related to pressure level, film speed, and trangport
materials and honfiguration. It is therefore imperitive that
tests be conducted with control over these parameters and with
flight hardware. A continuing investigation of the basic para-
meters of corona discharge is underway at Ion Physics Corp., a

subcontractor to the camera manufacturer.

2.5 VIBRATION AND SHOCK TESTS

The vibration test plan described below emphasizes a strong
developmental phase to provide early data on component fragility and
system response, These data are the basis for minimum~weight design

of components and bracketry, and specification test levels.

It is important to understand the cirecumstances in which
component parts survive or fail in order to achieve a successful
design and related quality assurance test program, The qualification
level for a component, mounted a tier or two interior to major support
and primary structure, is usually specified ses a uniform vibration
level that the part can sustain at all frequencies. Components can,

however, withstand much higher levels except at critical frequencies.
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The excitation that a component can survive at each discrete frequency
determines the "fragility" of the component. Thus, the component in-
stallation should be designed to assure that the vibration excitation
of the component as part of the assembly does not exceed the component
fragility level; and the component qualification test should duplicate

the spectral response of the installation.

With an understanding of component fragility, structural
dynamics of the system, and the relationship of these to the quali-
fication spectrum, system weight and component failures due to vibra-

tion can be minimized by the following:

a. Selection of the component type and optimum mounting to
suit the environment.

b. Obtaining and using fragility data.

¢. Placing structural resonances at optimum frequencies,

d. Engineering model resonance testing. ,

e. Mechanical design flexibility for ease of modification.

f. Realistic qualification and aceceptance testing based on

actual response spectra rather than arbitrary specification levels,

2.58.1 Environmental Parameters

The dynamic load environment during powered flight consists

of two principal components:

a. Quasi-static lateral and longitudfnal loads associated
with rigid body and low frequency elastic body responses from lift
off through second stage engine cutoff. (This includes maneuver
loads and accelerations.)

b. Complex vibration (sinusoidal, random, acoustic, and
shock) associated with:

1. Aerodynamic and propulsion perturbances at in-flight
conditions such as Mach 1, maximum cq and pogo (11-13 cps propulsion
instability). ’
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2., Staging transients.

3. Payload separation transients.

Extensive flight data correspdnding to these environmental
conditions on Titan II are available (Ref. 1). Statistical analyses
have been performed in order to provide reasonably reliable input
power spectral density levels at various points on the Titan II
launch vehicle, typical components, and at the operational re-entry

vehicle attachment ring.

In sddition, drop, hoist, and transportétion loads will be
experienced by shipping containers for the system and components.
Tests on these containers will be required to demonstrate that they
survive these environments and attenuate the response felt at thé
components to less than flight levels. Tests on AGE ‘are beyond the

scope of this plan.

Qualificatioﬂ and acéeptance load levels will be based on
the measured complex environment at the launch vehicle/spacecraft
interface, and transmissibility data derived from developmental
test and analysis. The type of test to be imposed on an assembly
(random, sine, shock, acoustic, or a combination thereof) is deter-
mined from evaluation of the relative severity of all types of
envirenment in the region of the specific component failure mode
(e.g., overload at a finite frequency, cumulative fatigue damage,
or both). Hence, the resonance survey and fragility test results
(development tests) are applicable. Based upon past experience,
static testing (in lieu of dynamic) should suffice to qualify the
truss structure, major component attachments and the epacecraft/
structure interface joint, Acceptance of this structure should be
made on the basis of a successful qualifiéation test and fabrication

adherence to engineering drawings, tolerances, etc.

Ref/ 1 - BSD TDR 63-189, "The Acoustic and Vibration Emviromment of the
Tifan II Vehicle'; prepared by Bolt, Beranek, and Newman, September 1963.
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Internal components which are sensitive to the complex
vibration environment will be tested in an all-random vibration
test using properly shaped directional power spectralkdensity
input (Ref. 2) over a given duration, with the componénts hard
mounted to & shaker. Random excitation below 50 cps will_not be
applied in the lateral direction, since no lateral random eﬁergy'
exists in flight below this frequency. Random energy below 50 ecps
does exist in the thrust direction. Sinusoidal vibration at 1ow_.
frequency (such as pogo vibrations) will be duplicated in test of
assemblies with low-frequency resonances. Acoustic energy will
be included as an equivalent random energy in the test. Discrete
shock loading in the Titan II system has usually not been signifi-

cant compared to quasi-static>and random effects.

Test durations for qualification, acceptance, and fragility
testing mugt be carefully chosen to avoid causing fatigue failures
where none would be caused by flight conditions. PFragility tests
will be high-level, short-duration so that failure is caused by

stress well over the fatigue limit, Since fatigue limit allowables
are generally 1/3 to 1/2 of static failure's;reas in light metals,
allowable responses during qualification will be Spécified as a
factor of 2 to 3 below fragility levels to acecount for prolongedk
testing. _ \

¢

Final determination of vibration and shock teat levels will\

be based on analysis performed by the camera manufacturer and its y
.consultant, Mechanics Research, Incorporated, in coeperation with ht
the vehicle manufacturer. It is expected that the latter will per~ |
form & comprehensive loads analysis in the 1ow~ftequéncy region, /\\
and will compute responses of a simplified spring-mass model of the -
maln camera to ascent dynamic loads such as gust. Acceptance test

levels will be based on limit load, and qualification test levels

will be 1.5 to 3.0 times limit load, depending on the mode of

falilure and function of the component.

Ref. 2 - Report 1083, "Procedures Utilized in Developing All-Random |
Vibration Test Specifications for Titan III'; prepared by Bolt, Beranek,
and Newman, January 1964. Page 29
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2.5.2 Properties of the System

Experience has shown that exact simulation of the flight
environment at all levels of assembly is unreasonable, both
technically and eéonomically. Large assemblies cannot be accom-
modated on shakers with sufficient rigidity or capacity to simu-
late the interface loads exactly, nor are response levels at
component locations reproducible from one system to another over
& broad spectrum. A balanced'éffort between design and test
functions can, however, assure component survival fqr a given
mislion. This is done by dividing tﬁe system into subassemblies
which can be tested realistically, and by feeding response data
from system developmental tests into the design early enough to

permit incorporation of indicated design changes,

The parameters of particular importance in developmental
surveys are resonant frequencles, mode shapes, and transmissi-
bilities from a logical test interface to locations of critical
components. Since physical damage (fracture, as opposed to
effects on operating instruments) is generally produced in the
lowest-frequency modes of response of an installation, these
~ are the most important to determine. These modes are fértunately
the easiest to model or analyze, and are the most reproducible

between test articles.

S8ince conditions of support have an important effect on
system dynamic response, it is essential that the lower half of
the spacecraft be simulated by a mass and stiffness model., If a
~ prototype spacecraft structure is not available at the time of
main camera surveys, the camera manufacturer will construct a
simplified model which will suffice to duplicate dynamic inter-
sctions betwesn spacecraft and main camera., The same model will
also be usable for thermal/vacuum teets on the system following

vibration survey.
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Measurement of transmissibilities from the spacecraft skin
to csmer@,components not mounted on the main camera truss is not
practical without use of a prototype spacecraft forward structure,
since damping and mass/stiffness details canhot be modeled.
Responses of camera subsystems guch as the camera electronics
unit, S/I camera, and recovery take-up, must be determined in
a prototype spacecraft survey by the spacecraft manufacturer, or

estimated from existing flight data.

2.5,3 Parsmeters of Reéponse

As noted above, the parameters to be measured in survey are
mode shape, resonant frequency, and transmissibility. ’The former
are of particular importance as confirmation of the camera dynamic
model for analysis of low-frequency response to flight transients;
and for determination of serveo response with support flexibility.

A large smount of flight data exists to define vibratory energy
present at the booster {or spacecraft) skin. The transmissibilities
measured in camera survey are directly applicable to prediction of
the amount of this energy - and its spectral distribution = which
reaches camera components. This assumes tﬁat the energy of response
of a component is primarily energy transmitted mechanically from
the vehicle. The measured acoustic environment is, in fac;, of
comparatively low level except where responses of large-area panels
are concerned. It is not practical to mount the entire spacecraft/
camara assembly on a shaker or cluster to simulate all directions

of excitation at the boester interface. Instead, the spagecraft
model will be floated on a soft foundation, and excitation applied
at the points of attachment to the main camera by a relatively small

shaker or shakers. Transmission through the camera support truss
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will not be sensitive to damping in the spacecraft model, but system
mode shapee and thus truss response will depend on reasonable simula-
tion of the mase and stiffness of the spacecraft near the camera

interface. The total response predicted at a point on the camera in

a given direction is then the sum of measured response components in
that coerdinate due to excitation in all coordinatel-at each camera/
spacecraft interface point., A response component in a given bandwidth
is the product of transmissibility and excitation within the bandwidth.

Since prototype optical bar and main frame structures are not

available at the same time, two surveys will be conducted:

I, To determine transmission from the spacecraft interface
to the main optical bar bearings.
2. To determine transmisgion from the optical bar bearings

to components attached to the optical bar.

In the first test, optical bar mass dummies will be attached
at the bearing frames. In the second test, component mass dummies
will be attached at appropriate locations. In both cases, the mass

dummies serve also as load points for static load testing.

Response data gathered during qualification and acceptance
tests on subassemblies and components are useful only to diagnosé
failures which did not ocecur in earlier component fragility tests.
Qualification and acceptance tests will therefore be less thoroughly

instrumented than the developmental tests. !

Operational vibration data will be obtained through flight

telemetry from locations near the . principal expected noise sources:

-~

the optical bar main begrings and film drum bearings. These date

will be useful for diagnosis of degradation in photographic performance
or incipient bearing failure. The outputs of these channels, supple-
mented by additional sensors during early ambient operating test, will
serve to indicate design chénges required to minimize vibration response

at the focal plane.
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2.6 STATIC LOAD TESTS

2.6.1 Environmental Parameters

The designing environment for structure supporting large
components at relatively low resonant frequencies may be considered
static, since higher mode deflection or stress responses of the
system are significnntly lower than low mode responses fér a given
energy input. As noted in the preceding sectidn, little energy
exists in the random vibration environment belowy 50 cps. Thus, the
critical loading for primary structure occurs at the times of max-
imum thrust or lateral acceleration. Preliminary analysis has
indicated that the maximum thrust load condition is far more
saevere in effect on the camera support truss and optical bars

than the maximum ¢« condition.

In sddition to the static thrust level at second stage
burnout, increments of load aie transmitted to the camera from
steering transients, slosh, and engine shutdown shock. Static
'equivalenta to these dynamic loads will be determined analytically,
and added to the thrust levél in arriving at the design limit load.
The duration of peak loading is very short (on the order of seconds)
and the structure temperature is near amblent 80 creep effects are
not of importance; this is not to say that hysteretic effects are
negligible., The direction of lateral load in flight is undefined,
8o test loads will be applied separately in the two principal

lateral directions.

Simulated acceleration load levels for qualification test
will be cartied‘to design ultimate load, i.e., 1.25 times limit
load. Design deflections will be determined on the basis of limit
load only. Static burst tests on the gas supply system will be
carried to 1.50 times working pressure for acceptance and 2.50

times working pressure for qualification.
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2.6.2 Properties of System

Since all items to undergo static test are kinematically
mounted, there is no need for simulation of supporting structure
at higher levels of assembly. All tests will be run on rigid
support frames., Load distribution under steady acceleration will
be simulated by jack loads applied to rigid load points at prin-
cipal mass locations, The load points will be the same static

mase models used for vibration surveys.

2.6.3 Response Parameters

Since the support truss and optical bar are designed
primarily to satisfy stiffness criteria, determination of ulti-
mete capability is of secondary concern. Since load paths in
both structures are cleatly defined, there 1s no need for elab-
orate strain gage instrumentation, except in the region of the
optical bar aperture cutout., The major problem area to be faced
ie the occurrence of permanent set due to hysteresis or joint
slip which could disturb relative glignment of the optical ele-
mants or of the elements relative to the axis of rotation.
Average residual strains as low as 10 x 107¢ inch/inch in the

optical bar structure could degrade optical performanhe detec~

tably. Early developmental tests on the specific materials pro-
posed for use in the bar will determine allowable stress levels
and joint configurations to maintain residual strains below
acceptable limits. The first optical bar static test will be
instrumented with precision gaging rods and collimators to

measure residual displacement and £ilt of elements after load.
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2.7 RELIABILITY TESTS
2.7.1 Teat Data

The extensive tests planned herein on all levels of assembly
will provide ample operating data on which to base a realistic
reliability estimate for the camera.system. In the case of com-
ponents of doubtful reliability, early prototype testing will be
accomplished to indicate the magnitude of the problem and permit
redesign if necessary; of particular concern are electro-mechanical
linear sctuators, such as the pneumatic system valves and capping

shutter,

‘ A reliability engineer within the System Design organization
will be cognizant of all failure reports and reliahility estimates.
Component failures will be documented throughout the prototype test
program, for correlation with required failure rates. Determination
of the acceptability of a given component will be based on the

following analysis,

2.7.2 Reliability Acceptance Criteria

The test plan is based on an exponential failure distribution
and utilizes a sequential analysis. The plots in Fig. 9 can be
applied as test criteria for reliability testing of parts, assemblies
and subgystems. Three pairs of lines represent criteria for 90, 95
and 99 percent confidence in test results. When a given confidence
level‘is chosen, cumulative test cycles vs. cumulative test failures
for one or more units under test are plotted until an acecept or
reject decision is reached. In some cases it may be desirable to
truncate testing to force a decision (seﬁ Fig. 10) at a predetermined

total test time.

Calculations are based on equal consumer and producer risks
(a = 8) and a discrimination ratio of 1.5. Thie discrimination ratio
establishes that the test will accept only items whose reliability

%A
gt
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2.8 PHOTOGRAPHIC TESTS

9204 TP-5

Photographic tests will be made at variocus places in the

camera assembly sequence. The purpose of these tests will be to

assessbthe quality of the camera system after each major addition

of equipment to the optical bar. By keeping a control of the

affect of all major operations, those causing photo-optical

deterioration can be gingled out and the design or manufacture

can be improved,

2.8.1 Target Collimator

All photographic resolution tests will be performed using

a 200-inch equivalent focal length, 30-inch aperture pafaboloid

collimator to image the target at infinity. This collimator will

be of the Newtonian form, having a small diagonal

,target to be located outside the collimated beam,

will be of the minimum size required to cover the

PROJECT SECURE
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and the aperture cone. The central aperture obstruction in the

collimator will be of about 4 inches diameter.

Because of the small field of the paraboloid collimator,
the target format will be limited to a fraction of an inch. For
a 200~inch £/10 collimator the maximum.ahgular image errors, the

combination of astigmstiem and coma are as follows:

Format Diameter Astigmatism and Coma
0.1 inch 0.09 seconds of arc
0.2 inch 0.18 seconds of arc

0.3 inch 0.27 seconds of arc

~In the panoramic system which has & resolved angle of about
1 second of arc, it appears unwise to allow more than about 0.1
second of arc collimator aberration. For this reason the target
array will be kept to about 2 x 2 mm for the high resolution sec-
tion éf the target. ' '
It is possible to expand this format to gbout a 1 inch
dimension through the use of correcting optics several inches in
front of the target plane. However, at this time it appears unwise

to use the additional optics, which would cause some straylight.

2.8.2 Target Format

The target will have provision for several types of test.
Included will be Mil. Standard 150 resolution targets of high
contrast and of 2:1 contrast, and sine wave targets of high contrast.
. The sine wave targets will have frequencies which when imaged in the
focal plane of the camera system will provide 50, 100, and 150 lines
per millimeter. Thus, for the 200 inch e.f.l. collimator, 30 cyciea

per millimeter in the target will suffice.
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The central section of the target array will be used to
assess critical imagery in the order of 50 to 200 lines per 4
millimeter. This section will be limited to a 2 x 2 millimeter
square avrea as discussed in Section 2.8.1. The 2 x 2 millimeter

area will be as follows:
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Fig. 11 - Central Section of Target Array

Target motion in the order of 12 inches per second will be
required in the collimator to simulate the maximum V/h value of
0.06 radians per second. In addition the target must be centered
on the collimator axis at the time that the photographic system
makes its exposure. To prevent minor synchronization errors
between target position and camera position from affe;ting the
quality of collimation, the target format will be repeated ten
times along the line of target motion. This, will provide a line
of targets 20 mm long. Synchronization will then need to be only
accurate enough 8o that one of these sets of targets will be on the
axis of the collimator. The targats will all be mounted on a

2" x 2 target plate,
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To provide for measurement of camera resolutions poorer than
50 lines per millimeter during the camera adjustment period, coarser
resolving power targets of high contrast will be placed along the
edges of the line of high resolution units. Tﬁeue targets representing

much poorer resolved angles of the camera system can be located some-

what away from the center of the collimator field.

The complete target format will thus be as shown in Fig. 12

T R TR (T TR T

IAERENERERES|

Fig. 12. Complete Target Format

The light source behind the targets will be such as to

-

illuminate the target area uniformly with no more than a 10 percent
total variation in level. The source as seen from the mirror
position will uniformly illuminate the paraboloid mirror with no
more than a 10 percent variation over the surface. In addition

the complete light source must just be visible from the edge of

the collimator tube at the end wherevthe mirror»ia mounted.

The spectral quslity of the source will be mean noon sun-
light. This may be achieved by employing a tungsten source and a
simple glass sunlight correcting filter.
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A suggested source is a small opal type lamp such as the
PH IIIA used for photo enlarging. This source should be i{maged
by a weak condensing system, onto the paraboloid collimator. This

will provide approximately the required uniformity of {llumination.

The brightness of the source will be adjusted through the
use of neutral density filters to give target image densities of
1.0 for exposure times in the region of 1 millisecond to 10

milliseconds.

2.8.3 Target Drive

To simulate the V/h values to be experienced under
operational conditions, the target must move during the exposure.
The velocity of movement depends on the V/h value to be simulated.

The linear velocity Vc required will be as follows:

v, = V/h £, where £ is the equivalent focal length

of the collimator

The target velocity will be capable of being set to 21
discrete velocities providing seven V/h values for each of three

positions along the format.

Scan Synchronization

Since the camera can see the collimator target only once
during a complete rotation, the target drive must bk synchronized
with the.camera rotation. The target must be moving at the proper -
rate and must be on the collimator axis at the time the exposure
is taken. Since the target is moving at about 12 inches per second
maximum, and the target strip is about 0.8 inch long, the exposure
must occur at the correct time + 0.03 seconds. This is the timing

accuracy required in the starting of the target drive.
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Cross-Track V/h Simulation

Cross~track V/h simulation will be provided by rotating the
V/h drive in the focal plane of the collimator. There will be 5
angular positions for this V/h drive to give proper simulation for

‘scan positions of -55 degrees, -40 degrees, 0 degreas, +40 degrees,

and +55 degrees. The V/h drive will have to be rotated a maximum

of about + 12 degrees to provide this simulation.

2.8.4 Photogfaphic Processing

%
Preliminary photographic testing for focus and image quality

will take a small amount of film, less than 100 feet. However,
opsrational acceptance testing will involve 5000'foot lengths of
material, and qualification testing a fuli film load of 34000
feet. Every attempt will be made to recycle the film and pack the
targets reasonably close together; however, with one small exposed
area (a fraction of an inch in dimension) per 30 feet of material
it will require two recyclings to obtain one exposure pét 10 feet,
On this basis & processor which can handle 5000 feet of film rapidly
may be required. This with two recyclings will allow 500 separate
images to be formed on the film. To allow later evaluation of the
processing, corona, and evaluation of the sine wave modulation
tests, sensitometric dats will be placed two inches in from the
edge at 3 feet intervals. These data will be placed on the film
by a unit built inté the processor. '

The time required to process this film at 40 feet per
minute will be in the order of 1 hour and 15 minutes. This time
is estimated on the basis of a machine which has a throughput

time of 2 minutes and employs 120 x 90 developer at 68°F. This
development has been tested in the laboratory with type 4404 film,
The film developed in this way is found to give ite inherent

resolution.
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2.8.5 Interpretation of Results

" Resolution

The resolving power targets will be read using a binoccular
microscope of whatever power suits the observer best, Generﬁlly.
one unit of power per line per millimeter is the maximum magnifica-
tion which can be gainfully employed in reading resolutioni On
this basis, a binocular microscope which provides powers from about

10 X to about 200 X will be sufficient for resolution measurements.

A single observer will read all the targetﬁ on any one

test run to maintain uniformity of judgment.

Sine Wave Modulation

The sine wave modulation targets will be read with a
flying spot scanning type micro photometer. The results obtained

here will be compared to the modulations required for this test
phase. '

Corona

To detect the presence of corona the film will be examined
for obvious density variation above the ﬁormal fog density. The
senglitometric steps will be read on a Macbeth Ansco densitometer,
and the results tabulated. Any anomalies in the results from

step wedge to step wedge will be further investigated.

Fiducial Marks and Data Block

The fiducial marks and the data block will be examined
for proper exposure and focus, Measurements will be made between
8ll fiducial marks on selected frames to ascertain that the

timing system is working properly.
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Frame Registration

To determine whether the frames have be.nvproperly located
with respect to the frame indicator holes, a measurement will be
made. The distance from the 0 scan angle farget to the frame indicator
hole in the film will be méasured‘to the nearest ﬁillimeter for

selected frames. : .

2.8.6 8lit and Shutter Operation

To determine proper slit operation a strobotac will be employed
at the entrance aperture. The actual opening of the slit will be
raecorded on the film as an area of dense exposure. Measurement of

this area will determine the size of the slit opening.

Shutter operation will be determined by placing a continuous
light source in the aperture of the system. The length of the frame

and the time of shutter closure will be teéordedron the film.

Internal light baffle effectiveness will be determined by
flooding the system aperture with diffuse light except in the
collimator beam. Straylight will be shown by increased background
density.

External light baffle effectiveness will be tested by flooding
the spacecraft with light from the outside. Light leaks will aggain
show up as varlations in the background denstty of the £iim.
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3.0 ASSEMBLY LEVEL V TESTS
3.1 SKEW ARM ASSEMBLY

3.1.1 Pneumatic System Prototype Brassboard

The purpose of these tests is to: _

1. Define the design parameters for the pneumstic system, under
both ambient and temperature/vacuum environments. The parameters of main
interest are film friction, film corona; film tracking and steering,

pressure regulation, valve control, and gas selection.

2., Verify degign assumptions on gas selection and flow rates, and

pressure control system,

The brassboard shall consist of an abbreviated version of the film
trangport assembly using & metering drum and servo conﬁrol to drive a
continuous film loop at appropriate speeds; The film track shall include
& skew roller (air bar), tension control roller (dancer), drag roller,

and steering mechanism,

The pneumatic system shall include a supply of both helium and nitrogen,

pressure regulator, flow regulator, and control system. Tests shall be made

at both ambient and at pressure on the order of 10“3 mm Hg.

3.1.2 Gas Bottle Static Burst Qualification

One gas bottle shall be tested at 2.5 times working pressure to qualify

for use in an area conteining personnel. The testing and certification

shall be done at the sub-contractor’'s facility.

3.1.3 Pneumatic System Component Faflure Rate

The prototype pneumstic system components (valves and regulators)

shall be tested at ambient pressure to determine component failure rates.
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3.1.4 Assembly Vibration Qualification

The skew arm assembly shall be subject to the vibration envelope per
Section 2.5.2 to demonstrate the alignment of the skew arm rollers is
maintained, and support for the gas bottles and regulator system is suf-

ficient. The skew arm assembly will be mounted to a& vibration test fixture.

Measurements of roller position, torque, and arm position will be made before

and after vibration to detect any component weakness.

3.1.5 Gas Bottle Pressurization Acceptance

The gas bottles shall be tested at 1.5 times working pressure to

demonstrate satisfactory workmanship., The testing shall be done at the

sub-contractor's facility. i

3.2 SPOOL ASSEMBLY

3.2, Trial Assembly

One prototype spool assembly including the spool; dvemy film load
and torque motor shall be assembled under clean room conditions to determine
assembly technique, besaring fite and eccentricities, torque motor fits and
centering requirements, bearing preload technique, bearing nolse, stiffness,

runcut and stetic and dynamic friction.

3.2,2 Vibration Qualification

The above spool assembly including the torque motor and dummy film
load shall be mounted in & vibration test fixture and'subjected to-the
vibration envelope per Section 2.5.2, The above performance characteristics
shall be measured after vibration plus visual inspection for any component

weakness.

3.2.3 Thermal/Vacuum Qualification

The spool assembly will be operated in vacuum for & simulated duty
cycle to assure that the spool torquer does not overheat and that the spool
bearings do not seize. Tests will be run at the expected ambient temperature

o B et

extremes, with radiant viewrfnctors—;imulated. A film path mockup will be

provided which simulates drag on the torquer due to film tension.

PROJECT SECURE Page 48

Approved for Release: 2021/04/09 C05099514




Approved for Release: 2021/04/09 C05099514 9204-TP-5
FFRWJJL T o e Yo o T

3.3 OPTICAL BAR MAIN BEARINGS

The prototype main bearings shall be mounted on a test fixture to
determine beariﬁg mounting technique, fit and preload requirements,
resistance to self aligrnment, stiffness, noise, and bearing friction at

both ambient and tempeflture environments.

3.4 OPTICAL BAR DRIVE COMPONENTS

3.4.1 Optical Bar Drive Prototype Brasgsboard

The optical bar drive shall be simulated using & dummy optical bar
mounted in & rigid stand similar to that used in the system feasibility
brassboard. The dummy optical baf should reasonably simulate the proto-
type bar weight, moment of inertia and stiffness. Assembly sequence and
procedure, encoder mechanical alignment and accuracy, preload requirements,
bearing noise a&nd runout can be ascertained by installing thg piototype
bearings, self-aligning housing, flexure fittings, and torque motor drive
to the dummy optical ber. Prototype film spool shafts with an equivalent
film weight will be added at this time to determine their effecte on the

optical bar bearings in terms of bearing friction, brinelling, and torque.

3.4.2 Encoder and Slip Ring Fragility.

Prototype encoder nnd‘slip ring assemblies shall be mouﬁted and aligned
on separate test fixtures which represent the prototype &pticul bar end
shaft. Assembly sequence snd technique, instrumcntution,‘Opticnl encoder
' and mechanical slip ring alignment will be demonstrated. The encoder and
siip ring assemblies will be vibration tested in three axes to determine

component fragility levels.

3.4.3 Slip Ring Vacuum Life Test

A test fixture similar to the one above will be used to support the
slip ring assembly, optical bar bearings and torque motor. The unit will
be life tested in & vacuum chamber at a pressure on the order of 10'3 me Hg,

A simulated slip ring electrical load will be provided during the test.
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3.5 CUT/SPLICE ASSEMBLY VIBRATION FRAGILITY

The cut/splice assembly shall be mounted én a vibration test fixture
with an abbreviated film path to allow operation of the cﬁt/splice cycle,
.The unit shall be subjected to increasing levels of vibration in octave
band bursts. Performance of the cut/splice operation shall be evaluated

after each burst of vibration to detérmine'nssembly fragilitcy.

3.6 TRANSPORT ASSEMBLY

3.6.1 Transport Drum Assembly

The prototype metering drum, momentum balance wheel, torque motors,
encoders, and bearings shall be assembled in their housing to evaluate
asgembly and alignment procedures, bearing noise and runout, bearing pre-
load and stiffness, and drum eccentriecity. The encodef_shall be mounted
on & vibration test fixture and tested in three axes to determine component

fragility.

The assembly will undergo a thermal/vacuum qualification test to assure
that motors do not overheat and bearings do not seize during operation. The
test will be rum in vacuum at the expected uniform temperature'extremes, with

radiant view factors end conduction paths simulated,

3.6.2 Capping Shutter

A developmental tegt program i{s required for the capping shutter
assembly to define the design parameters for blade frictionm, blade release
mechanism response times, blade acceleration, velocity, and Impact charac-
teristics, and blade flutter modes under vibration. A breadboard will
suffice for initial test work during which high speed motion pictures will
be used to verify design assumptions. Three prototype shutters shall be
life tested ih parallel to initiate gathering of reliability data on both
the subassembly and component parts. One of the prototype units shall be
mounted on & vibration test fixture and vibration tested in three axes to
determine component fragility. The prototype units shall be tested for
blade speed, blade ﬁmpact vibrations, metal fatigue, wear, gaﬁlling, and
response time at intervals during a life test. The life test shall be for

approximately 20 times the mission cycles.
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3.6.3 Slit Assembly

The prototype slit assembly shall be tested to ascertain proper
servo response, slit curtain tension, and slit width parallelism. S8lit
width symmetry about the center line shall be verified for various open-

ings of the slit,

One of the prototype assembliee shall be mounted on a vibration test

fixture and vibration tested in three axes to determine component fragility.

3.6.4 IMC Drive

A prototype IMC Brassboard will be used to verify the IMC design. The
prototype IMC drive system including the torque motor, ball screw and encoder
will be mounted to & test fixture containing a simulated|film drum assembly
and prototype linear bearings. Linear bearing alignment, assembly procedures,
drive accuracy and bearing static and dynamic friction will be evaluated.

The accuracy of follow up between rotation of the ball screw and translation

of the drum will be measured.

A separate IMC encoder will be mounted in & vibration test fixture and

vibrated in three axes to determine component fiagility.

3.7 CYLINDER ASSEMBLY

3.7.1 Materiasl Development Tests

The optical bar structure consists of & cylindrical beryllium shell
and invar metering rode. Extremely small relative strains in the skin or
metering rods between the assembly and operational phases will be detrimental

to the optical performance of the system.

Since strain data at low stress levels is not available, a material -

developmental test program is required and is described below.

1. Invar Developmént Tests

The metering rods will be a special iron/nickel alloy similar to
invar whogse thermal coefficient of expansion is matched to that of the
quartz primary mirror. The maximm residual strain that ig' permissible

for the metering rods is 2 X 10"6 in/in. Several specimens of the selected

material will be prepared for use in creep and hysteresis tests.
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The creep tests will be performed by applying & constant uniaxial
load to each test speciman at a specified, controlled temperature, and
measuring the elohgatipn at various times and the resulting residual
strain upon removing the load. Several load levels will be used, including
the maximum steady-state load encountered by the metering rods during.
powered fligbt. The hysteresis tests will be conducted by subjecting each
test specimen to & cyclic uniaxial load for several rates of loading and
measuring the strain from which a‘hystéreais loop can be plotted., The
cyclic load will correspond to the maximum dynamic load experienced by
the‘metering rods during powered flight, with a frequency range from 0 to
200 cps.

2. Beryllium Development Tests

The ¢ylindrical shell of the optical bar is constructed of a beryllium
alloy which is subjected to axial and lateral dynamic loads. In order to
evaluate the creep and hysteresis effects in beryllium, several beryllium
test specimens will be prepared and creep and hysteregis tests will be

performed, as described above for the invar development tests.

3.7.2 Joint Evaluation and Development Tests

The cylinder assembly contains several types of joints employing
body bound rivets and bolts. The magnitude of élip at these joints under
flight load is extremely critical in view of the stringent optical tolerances,

Factors affecting the amount of slip are the size of the yield zone
created around a fastener during assembly, yield prOpérties of the material,
fastener clamping force, and load. Loads include flight static and vibratory
components, and thermal stress developed with change in tempefature of a
joint between dissimilar materials. Joint development will be paced by a
test program including static and vibratory loads applied to several joint
configurationa. The optimum configuration for each application will be
selected from initial test results; allowable load, tolerancing, and re-.

liability data will be developed in succeeding tests.

3.7.3 Cylinder Assembly Qualification Tests

Qualification tests are planned for the optical bar cylinder assembly
to demonstrate the ability of the assembly to meet the optical perférmance
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criteria during or after being subjected to envirommental loads gimilar
to those experienced in operation. The test assembly will include the
end bells, shafts and bearing, with mﬁla-simulated components for the
optical elements, the transport nhotmbly, skew roller assemblies and the
film spools. The bearings will be mounted on a rigid structural test
stand, The following qualification tests will then bg performed on the

assembly:

1. Static Load Tests

The optical bar aasemblybabove will have high-precision optical
alignment marks and mechanical gaging pointe at key locltions; Prior to
loading, the assembly will be optically aligned by use of collimators.
Then & static 1 g lateral load will be applied to the assembly by pulling
the dummy masses in the horizontal direction. While maintaining the con-
stant 1 g load, the optical alignment 1is checkad again. ’

The assembly will then be subjected to combined lateral and axial
limit loads, and unloaded after a specified time, After the load is re-
moved, an optical alignment check will be made to determine if any critical
deformations have occurred. In addition, an inspection will be made for
any fractures that may have occurred. If this test is successful, the
optical bar will be rotated 90° about its roll axig, and the combined load

tests repeated.
2, Vibration Test

The above optical bar assembly will be mounted horizontally on a
vibration table. The assembly will be optically aligned prior to the test.
It will be vibrated at the limit load level transmitted from the vehicle
to the bearings, as determined by Section 2.5.2 of this plan. Accelerations
will be monitored at critical locetions during the test to observe any ex-
cessive response. After the tesé, the optical slignment will be checked and
an inspection for physical damage conducted. The test will be repeated in

the other two orthogonal axes.
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3.7.4 Cylinder Vibration Survey

The optical bar assembly, as described in the previous section, will
be installed on a vibration table. Accelerometers will be mounted on bracket
interfaces for all major subassemblies such as those for the transport
assembly, skew roller assemblies, film spools, optical elements, and oihcr
eritical locations. The assembly will then be vibrated sinusoidally at
low level, and the responses will be recorded. From the data made ghapes
and transmissibility curves can be plotted which then can be used to
determine the vibration 1n§uts to the subassemblies. The abdve procedure

will be repeated in the other two orthogonal directions.

3.8 OPTICAL ELEMENT ASSEMBLIES

3.8.1 Developmentgl Vibration Teats

A developmental series of vibration tests will be conducted as part
of the program feasibility study to investigate the validity of the design
approach to mounting of the three principal optical elements in their bezels,
mounting of the optical assemblies to the camera structure, and general
structural configuration. These tests will identify resonance, tr#ns-
ﬁilsibility and areas of structural weakness while proving the ability of
the design to hold the elements fixed within specified optical tolerances.

A standard test procedure will be followed. Resonant modes of the
test assembly will be determined by varying the frequency of the applied
vibratiqn slowly through a specified bandwidth at & low input level. In-
dividual resonance surveys will be conducted with vibration applied along
each of three mutually perpendicular axes of the test specimen. The test.
auaemﬁly will then be vibrated at qualification test levels for a period
compagable to that anticipated during operation in each of three perpendic-
ular axes.

;
3.8.2 Vibration Qualification

;/ Vibration qualification tests will be conducted on one of each proto-

type optical assembly to demonstrate the ability of the assembly to meet
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performance goals after exposure to the operational enviromment. The
test.procedure will be similar to that defined in the preceding.section
with qualification levels defined in accordance with Section 2.5.2 of
this plan. ' v .

3.8.3 Shock Qualification

Tests will be performed on one of each prototype optical assembly
to prove its structural integrity and &bility to meet specifications
after exposure to a shock condition equivalent to that expected in

operation.

A standard shock testing procedure will be follcﬁed such that the
impact acceleration and impulse duration will be comparable to the maximum
condition encounted during operation., The impulses will be applied in
the three principal directions of the test specimen. Response will be

measured with appropriate instrumentation.

3.8.4 Test Inspection

Following each vibration and shock ﬁest. each element of the optical
assembly will be visually checked for signs of mechanical failure. Measure-
ments will be made of critical assembly dimensions, and an optical inspection

of surface figure will be conducted to detect any degradation.

3.8.5 Optical Flement Thermal Tests

Prior to tests of the entire camera, it will be necessary to evaluate
the distortions of one set of prototype optical elements resulting from the

expected heat flux and temperature field,

Thermal tests of these elements should be made in vacuum while they are
mounted in a manner as will be employed under use. These thermal-optical
tests are quite complex and will be performed jointly by projéct personnel
and the Optical Department. | '

{ The deformations to be studied wmay be divided into two groups. First
are simple deformations which approximate changes in curvature or ‘power.
These may not necessarily affect imagery but will certainly effect focus.

The second are deformations which will affect image quality and, most likely,
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- focus as well, The quality of element figure will be measured by one or
more of three measuring devices: a Foucault testsr, an unequal path
{nterferometer, or an equal path interferometer (Perkin-Elmer), The
Foucault test will be useful when the prime\concern i8s to measure curvature
change in the optics or for rotationally symmetric figure change. The
other two devices are useful in the case of {rregular figure cﬁanges on

optical surfaces.

Curvature change tests will require a temperature controlled structure

to establish the spacing between light source and mirror. For example, a
.001" spacing change on a 26" dia x 125" radius sphere répreéents 1/4 A
curvature change., This also {mplies that the structure should pass un-
strained through the wall of the vacuum chamber. fh all test set-ups it

is degirable to bring the wavefront out of the vacuum tank through a win-
dow. A plane parallel plate may be used for the window 1f calculations
show that the spherical aberration of the wavefront due to the window is

negligible.

The test of the primary mirror will begin with the Foucault test to
get an accurate measurement of curvature changes. At the same timevit can
be determined 1if significant figure change has occurred. The test should
then be rerun and the magnitude of figure change measured with an inter-
ferometer. The chief argument for doing curvature and figure tests separately
is that curvature tests require careful control of the separation betweean
the light source and the mirror under test. If this is lost during the test,
the data collecﬁed will be useless. While doing figure tests, if one does
not have to concern himself with curvature measurements at the same time,
the set-up may be changed at any time during the test to obtain best

sensitivity of figure measurement.

The other eiement tests will make use of the interferometer to measure

surface curvature or thickness change.

Fig. 13 shows a schematic of test apparatus requizxed in the evaluatien
of reflective elements. Noteworthy here is the isolation of the optical
measurement equipment for the test chamber environment. This general

arrangement is adaptable to either the Foucault tester or interferometer.

The heat flux that strikes the surface of the optical element must be

uniformly distributed over its front burface. In order to determine what
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nonuniformity exists and to correct for it, a calibration scheme shall

be used. A thin sheet of steel, the same diameter as the mirror, will

be pleced in the chamber in the same location as the wirror. Calibrated
copper-constantan thermocouples mounted to the sink side of the sheet and
to the sink itself will provide information on temperature difference.

By adjusting power into the heater plate and maintaining a constant temper-

ature at the sink, the desired heat flux information may be obtained.
3.9 THERMAL CONTROL COMPONENT TESTS

To obtain the empirical information neces;lry in the thermal design
of the system, it will be necessary to perform several basic thermal tests.

The teasts fall into the general categories of:

1. Establishing the radiative character of the surface finishes
employed where handbook data are insufficient.

2. Evaluating conduction paths in complex structures or where joints

are present.

3. Eveluating the effectiveness of multilayer thin radiation shields

under a variety of mounting techniques.

4. Establishing the behavior through self heating and mounting
techniques of flight-temperature transducers.

The precautions indicated by proposing that these quantities be measured
rather than by employing estimates are necessary because control of temper-
ature differences between the varicus parts of the camera will have to be

maintained to & few degrees of temperature.

3.9.1 Surface Finishes

In establishing the radiative character of most of the surface finishes
employed in the camera, attention will be given primarily to total hemi-
spherical emissivities at surface temperatures near 70°F. These values are
directly useable for both the absorption and emission characteristics of the
internal diffuse surface finishes, For finishes upon which albedo and solar
energy will impinge, i; will be necessary to supplement the total hemi-

spherical measurements with measurements of spectral reflectivity.
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Total hemispherical emissivities can be measured by suspending specimens
having the proper surfeace finish in the bell jar lined with cold panels.
The heat-flux rate and the temperature of the specimens and cold panels
will be measured. Heat-flux rates from the specimens will be cobtained
either from their rate of temperature drop or from the amount of elect-
rical dissipation required to maintain their temperatures within the cold

panel environment,

Yor reflective surfaces and glass elements ha;ing antireflectioﬁ
coatings, {t will also be necessary to determine the spectral absorptivities
of these surfaces because they are exposed to short wavelength albedo and
possibly solar rediation, A standard laboratory spectrophotometer usable
up to wavelength of 3 microns will be suitable for these measurements,
Depending on the glass employed in the corrector plate and field flattener,
it may be necessary to bbtcin new spectral transmission data in the range

of wavelengths in the albedo and solar spectrum,

3.9.2 Conduction Paths

The evaluation of the conduction paths within the aalid elements of
the camera structure has to be supplemented oftén with experiment. For
example, the conduction path between the cell and elements of tﬁe field
flattener occurs through plastic shims whose range of contact resistances
to heat flow can only be evaluated experimentally through repeated tests
of various samples. Another example of a heat-conduction path that re-
quires experimental determination for sccurate design is in the image
motion compensation mechanism holding the film drum which will probdbly
employ sliding bearings whose céntnct resistances must be evaluated em-

piricelly. Other regions where conduction paths can only be estimated

'analytically are the joints between the struétural elements. The general

technique of evaluating conduction paths will employ & sample character-
istic of the actual structure. The zample will be placed in a small test
chamber and one end will be heated and the other cooled, with all other
surfaces well insulated by means of radiation shields. A balance between
the heat introduced end removed will indicate the magnitude of the uni-
directional heat flow. The measured values of the heat-flow rate, cross-

sectional areas, and the temperature variation along the specimen will
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permit evaluation of the conductances or resistances associated with the

conduction path.

3.9.3 Insulation Effectiveness

One factor of extreme importance in the current design philosophy
will be the effectiveness of the radiation shielding placed around the
camera system. Because the behavior of light, multi-layer radiation
shielding depends considerably on the manner in which it is mounted, tests
with various numbers of layers and tightness of packing are contemplated.
Two types of radiation shielding are currently contemplated to be tested.
One {s aluminum coated crinkled mylar produced by the National Research
Corporation. The other is also made of aluminum coated wylar but separated
by a porous paper. The latter is made by Linde. The test will evaluﬂte
different degrees of tightness of wrap and mounting technique with variable

ambient pressure level.

The test procedure will consist of vacuum pumping to 1 x 10°S Torr,
When the desired pressure level is obtained, electric heat will be slowly
applied until the heater stabilizes at the desired temperature. Electrical
power input may then be measured and the apparent K determined, since the

other required parameters are known.

A schematic of the test facility is shown in Fig. 14. The concentric
arrangement provides for a centally located and electrically heated shell
with two identical specimens located at the fnner and ocuter sides. Two
temperature'controlled shroude surround the test @ssembly and are spaced
2 inches from the insulation. This annulus is open at both ends to permit

airflow outward during pumpdown.

With precrinkled foil it is difficult, i{f not impossible, to meparately
determine to what extent the two modes of heat transfer (conduction and
radiation) participate. Tests conducted as described at-various chamber
pressures will provide required design information in the form of an apparent

conductivity. The steady state apparent value (Kap) i{s defined by:
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Kap = XSKET = Btu/hr-ft-°F

and Q = Input electrical energy to heater, Btu/hr
Multiple layer thickness, ft (65 layers/in)

| o
L]

4 = Heat flow area, ftz

A T = Temperature difference, °F (T heater - T sink)

3.9.4 Temperature Transducers

Any temperature transducers to be employed in the flight articles
will also reqﬁire tegt. Past experience with transducers compatible with
spacecraft telemetry or servo systems has indicated the possibility that
serious self heating of their resistance elemants cln-occur. The errors
introduced by such self heating depend on the voltage supply, the con-
struction details of the transducer, the thermal contact resistance of
the mounting technique, and the conduction and radiation characteristics
of the surface to whieh the transducer is attached, The proposed tests
include mounting of the flight transducers on representative panels of
camera structure, i{nstrumenting the structure with thermocouples, feeding
the transducers with the proper voltage, and measuring the differences in
temperature as read by the transducers and thermocouples. Again the panels
will be mounted in the vacuum evnironment preduced by the bell jar or the

gmall vacuum chamber.
3.10 FLRCTRICAL SUBASSEMBLIES

The following sequence of tests is applicable to all 18 functiomal’
electronic subassemblies noted on drawing No. SK87779. Checkout equip-
ment will be provided to exercise and measure all operating parameters;
this equipment will {nclude feed-through leads necessary to operate the
subassembl ies in e vacuum. The subassemblies are modularized for ease of
replacement in the event of malfunction during system test. Thus néceptance
tests at this level are omitted since equivalent teste ﬁill be conducted at
the camera level. Qualification tests are included to permit early identifi-

cation and corréction of design faults.
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3.10.1 Breadboards

All funetional units will be breadboarded to verify basic ecircuit

design and refine component selection.

3.10.2 Vibration Fragility

One of each functional unit will be vibrated to determine its toler-
ance of vibration when non-operating. Increasing levels of sinusoidal
vibratien will be rapidly swept through octave bandwidths until failure
occurs; the level at this point defines fragflity within the bandwidth.
The failure is repaired and the test continued for a reasonable number
of bandwidthe and for three directions of execitation. Ambient electrical

checkouts before and after vibrating determine the point of failure.

3.10.3 Thermal/Vacuum Qualification

One of each functional unit will be operated in a pressure of 10-3mm Hg
for durations simulating the operational duty cycle. Chamber temperature
will be maintained at the expected operational ambient limits. Performance

will be monitored continuously during operation.

3.10.4 Thermal/Vacuum Developmental Tests

A thermal evaluation of electroniec equipment will be conducted on
mock-ups which provide simulated heat sources and all surrounding surfaces
which influence radiant heat transfer. The tests will be performed in an
enclosure whose temperature will be uniform spatially, but may be varied
with time, Proper evaluation of equipments must include the temperature
rise during operation and decline with camera inactivity. In a test of
this type it is important that surface finishes and materials of construc-
tion be identical to those intended for prototype hardware. Exterior
surfaces which "see" the test item must also closely resemble those antici-

pated within the space vehicle.
Optical Bar Electronics

Fig. 15 shows & schematie of the tegt facility for the evaluation of
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electronic packages attached tb the end bell of the optical bar. Since
the film reel acts as a heat gink and blocks the field of view to the
surroundings it must be included in the test assembly. The film drum in
close proximity to the end bell is a heat séurce and must also be included.
Instrumentation for this test will consist of thermistors for temperature
measurement, mounted on and near electronic elements. The chamber will

be pumped to & vacuum of 10"? mm Hg to eliminate convection. Test pro-

cedure will consist in the following:

1. Temperature in the shroud will be regulated to the desired level.

2. After steady state prevails, readings from temperature measuring

instrumentation will be recorded.

3. The electronic equipment mockups will be operated for the maximum

anticipated duration.
4., At the end of the operational period a decay period will be allowed

and temperature monitored.

The proper conduct of this test will provide infor@ation on temperature
rise and decay in the electronic packages for & typical period of operation.
Camera System Electronics Unit

A similar test will be conducted on a mockup of the camera system
electronics unit in a shroud which simulates the surroundings of this unit

on the spacecraft,
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4,0 ASSEMBLY LEVEL IV TESTS

-

4.1 SUPPLY END ASSEMBLY

The supply end assembly shall be checked both mechanically and
electrically to assure conformance to applicable specifications and
drawings. These checks will also include ball bearing static fric-

tion, skew arm roller alignment to the film spool, static and dynamic

balance, and spool brake actuation.

4.2 TRANSPORT ASSEMBLY

4.2,1 Ambient Checkout

The transport assembly shall be checked both mechanically and
electrically to assure conformance to applicable specifications
and drawings. Roller alignment, tension sensor operation, steering
roller mechanism, slit, torque motor, and capping shutter operation,
IMC response, and linear IMC slide bearing alignment shall be inspec-
ted to ascertain proper functioning. Many of the test procedures
developed for feasibility testing of drumf/optical.bar synchronization
and film'tracking will be applicable to prototype checkout. A simulated

film path and checkout console will be proviﬂed to exercise the

assembly.

4.2.2 Qualification Vibration

One prototype transport assembly shall be used for
the vibration qualification test. The assembly shall be mounted on
a sultable vibration test fixture and tested per the parameters of
Section 2.5.1 to demonstrate the assembly meets the payformance goals
after environmental overstress and to detect assembly component

weakness,
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4.2.3 Developmental Thermal/Vacuum Test : '

Careful thermal-structural tests of components will also be required.
One prime example of such a& test i{s with the drive-drum assembly and the
film positioning rollers that will maintain the focus of the system.
Here the local heating introduced by the power dissipated in the torquers
causes local expansions that could defocus the system. A pre-qualification
test on this unit will be made in a smallltest chamber where the environ-
ment as seen by the drive-drum assembly within the camera system is simue
lated with panels whose temperatures can be adjusted, Some témperature
control at the attachment points of this unit will also be required to
assure the proper conduction heat exchange in the tést. The test then
will consist of operating the drive-drum assembly with proper tension
in the film and measuring temperatures at various locations within the
assembly and the movement of the film positioning rollers relative to a
reference plane. Dial gages or laser interferometers can 5e used to make
these movement measurements. During this test it will be necessary to also
monitor the power consumed by the unit to determine any binding in the

bearings.

4.2.4 Qualification T/V

The above test fixture supporting the trangport assembly shall be
used for the qualification thermal vacuum test. The unit shall be tested
to demonstrate satisfactory performance of the slip rings, torque motord;\
encoders, and structural response to temperature change. Optical instru-
mentation shall be used to monitor focal surface position during theérmal
cyeling.

4.2.5 Acceptance Vibration

Each prototype assembly shall be mounted on a test fixture and
subjected to low level vibration to demonstrate a satisfactory level

of workmanship.
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4.2.6 Acceptance T/V

Each prototype assembly shall be operated in a thermal/vacuum

envivonment to demonstrate a satisfactory level of workmanship.

4.3 OPTICAL BAR ASSEMBLY

The optical bar is the lowest level assembly of the camera optics,
and as such will be thoroughly tested before proceeding with assembly
of the complete camera. Past experience has indicated that tests at
this level frequently identify fabrication faults whicg are easlily
correctable before access to adjustment points is impaivred by assembly

of other components. '

4.3.1 Thermal Sensitivity Test

The first production optical bar with real optics will be subjected
to a test which defines the effect on optical performance of various
thermal responses. These data are esgential for diagnosis of optical
effects in later system thermal simulations where temperature gradients

and transients are measured.

The optical bar will be installed in a vacuum chamber with thermal
shrouds arranged in zones. In place of the transport assembly, a
fixture with a static camera back will be installed behind the focal
plane. The camera back will contain provisions for remote focus adjust-
ment and frame transporting between exposures. An initial set of
through- focus exposures will be made to check out the installation and
establish focus at a chamber pressure of 1 mm Hg and thermal ambient.
411 photographic tests will be made on a static target at center field

of a full-aperture collimator.

After alignment and checkout, a series of tests will be run from
one steady thermal condition to another. At several times during the

transient response cycle, through-focus ekposures will be made to
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determine focus shift and degradation of image quality. Direct
readout of temperature sensors will indicate when thermal equilibrium
is reached. The tests will include the following:

l. DUniform Temperature Change - Maintain the chamber wall

temperature ceonstant over the complete area, change the tempera-
ture level in several incremental steps.

2. Transverse Gradient - From a uniform ambient temperature,

establish a transverse temperature gradient tendihg te curve the .
optical bar. Repeat test from steady ambient to several magnitudes
of steady gradient; and in the two principal transverse directions
of the bar. ‘
3. Axial Gradient - From a uniform ambient temperature, establish

a linear longitudinal temperature gradient tending to defocus the
system. Repeat the test from steady ambient to several magnitudes
of steady gradient. '

4., 1Incident Radiant Effect - Install a radiant source simula-

ting the true spectral distribution of incident radiation in opera-
tion. The radiant view factor from the aperture to the source will
be approximated with baffles, and the source will be aimed directly
at the aperture. A mask will be rotated in front of the source to
simulate the effect of rotating the optical bar into its baffle.

The primary objective of the test is to detefmine the magnitude of
"green house effect" heating of the optical elements, so the chamber

walls will be maintained at a uniform temperature of 70°F;

4.3.2 Qptical Bar Vibration Qualification

The first prototype optical bar assembly will underge qualifi-
cation teating prier to the thermal sengitivity tests outlined in
the preceding section. The static camera back and transport mass
model will bé installed during these tests to measure optical
degradation due te envirommental stress. Mass models will be 1nstalled.
on the optical bar simulating the installation of major components in
the end assemblies. Prétotype optical bar bearings will be installed

between the end shafts and vibratien fixture.
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Before vibrating, a series of through-focus exposures will
be made at ambient against a static target at center field. The
optical system will be fine tuned as necessary to reach design
performance. After vibration at levels established in &dccerdance
with Section 2.5.2 of this plan, the optical bar will be replaced
in the optical test fixture. A second series of ambient through=
focus exposures will be made to detect focal shift or degradation
in optical quality. Note that the camera back design must bs rugged
enough to withastand vibration without shifting longitudinally.

4.3.3 QOptical Bar Thermal/Vacuum Qualification

Pollowing vibration test and checkout, the optical bar will
be installed in a vacuum chamber. A series of through-forus exposures
will be made at a pressure of 1 mm Hg and aﬁbient uniform temperature.
The film plane will be met at beét focus on the basis of these
exposures. The pressure will be lowered to 1_0-5 mm Hg, and the
chamber wall temperature varied to simulate the worst expected
temperature magnitudes and gradients in the opdical bar, and through-
focus expesures repeated to detect any image degradation. Note that
the chamber temperature distribution will be controlled to achieve
a specified response in the optical bar, rather than a specified
heat flux. This eliminates the need for modeling emissivities and
view factors, which could at best be apptoiimnted on such a small-
scale test. By the same reasoning, radiant simulation on the aperture
is omitted since the magnitude of its effect would depend on fairly
crude models. This does not obviate the need to determine sensitivity
of the optice to a known radiant heat flux, as proposed in Section
4.3.1 of this plan. |

4.3.4 Qptical Bar Vibration Acceptance

Each optical bar leaving the optical assembly area will be
dummy loaded and vibrated at acceptance levels determined in
accordance with Section 2.5.2 of this plan. The primary objective

of the test is to assure that the optical elements do not move out
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_ %
of position due to joint elip or material hysteresis. Optical

resolution will be checked before and after test by a series of

through-focus exposures against a static tardet.

4.3.5 Optical Bar Acceptance Thermal/Vacuum Test

Following #ibration‘test and checkouf. the optical bar will |
be installed in a chamber and a vacuum pumped to 1 mm Hg. A series
of through?focua exposures will be made to determine vacuum focus
shift. The chamber temperature will be cycled to produce maximum
expected temperature limits in the optical bar. Exposures will be
made at intervale to assure that vesolution is not degraded norkthe
focus ghifted. '

4.4 TAKEUP END ASSEMBLY

The takeup end assembly shall be checked both ﬁechanically
and electrically to assure conformance to applicable specifications
-and drawings.“‘Checks.éf ball bearing static friction, skew arm g
roller aligmment to the film spool, film spool brake, film epool
static and dynamic balance oﬁtical bar encoder, optical bar and
spool torque motor operation, and slip ring operation will be made
at this time. '

4.5 SUPPLY SPOOL QUALIFICATION

One prototype suﬁply spool will be loaded with live film at
Eastman Kodak for evaluation of film response to the launch load
enviromment. The loaded spool will be vibrated at qualification
lavels and centrifuged to simulate the worst iaunch static load
conditions. Vibration will Be applied aldng the axie of rotation
only, with the spool moudted on ite prototype bearings and shaft.
Any evidence of film slip toward the flanges Qill be noted. After
test, the film will be unspooled and inspected for scratches or
abrasion. The required centrifuge time will be purchased at another
facility.
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5.0 ASSEMBLY LEVEL III TESTS

5.1 CAMERA QUALIFICATION TESTS

The following set of qualification tests will be conducted on the
first complete camera assembly. All subassemblies will have undergqne

acceptance tesgts as appropriate, so the camera wear status is the same

as expected for a production unit. The qualification cycle must be a
fair simulation of mission stress and duration; the camera cannot be ex-
pected to endure repeated or prolonged testing at this level without wear-

out.

5.1.1 Checkout Tests

The camera manufacturer will provide & checkout console which con-
tains simulation of all drive servo electronics and logic normally con-
teined in the camera system electronics unit. The cemera will be exer- = .
Zised by.the console, and performance data recorded on the console. An
electrical and mechanical baseline will be establighed before qualificat-
ion testing. The optical baseline will be established in the vacuum cham-
ber at ambient temperature and a pressure of 1 wm Hg. A short series of
exposures will be made of dynamic targets at center scan only, and fine
tuning of the optics accomplished as necessary. Film will be removed

from the takeup spool manually for processing.

5.1.2 PFilm Flatness Test

A set of lights will be installed in front of the focal plane of the
camera in the vacuum chamber. The chamber will be pumped to 10.3mm Hg and
the camera operated for a short serie; of exposures. The%iights are a;rangad
across the film width in pafirs with converging beams, and are flashed at fixed
intervals. Film exposed during the test will be unspooled manually from the
takeup for processing. The distances between projectead line palirs and be-
tween successive flash exposures will be measured to establish flatness of

film at the focal plane both cross-track and along-track,

5§.1.3 Vibration Test

The camere will be removed from the chamber, installed on a vibration

fixture, and vibratéd at levels established in accordance with Section 2.5.2
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5.1.4 Thermal /Vacuum Tests

Qualif;cation tests of the camera in the thermal/vacuum environment
will be divided into several stages due to limitations on chamber pumping
cipacity. This series of tests conatitutes'n'thorough series of photo-
graphic tests aéross the full fraﬁe to prove camera performance. The

tests include, in sequence:

1. Optical checkout in the chamber at a pressure of 1l mm Hg. A
short series of exposures against a dynamic target will be made to verify

-that performance has not been degraded in the vibration test.

2., Vacuum optical checkout at a chamber pressure of 10-3

mn Hg, with
Helium lubricant in the film bars. This test will assure that corona is
not present during system operation. A short series of photographs against
& dynamic target at center scan will be exposed for checkout. The thufmal
environment will be uniform and stable at ambient. Pumping chpacity of the
éhamber will not be sufficient te maintain a presgsure lower than 10'3mm'Hg

during ges bar operatiom.

3! Tﬁarmal/vacuum tast at & chamber pressure'of 10-5 mm Hg, with

Nitrogen lubricant in the film bars. The operating duty cycle of the camera
will be simulated for thermal effect so far as possible in the small chamber,
altheugh chamber pumping capacity is not sufficient to maintain the pressure
ambient at 10'5:unﬂg while film bars are operating. At pressures higher than
10°5mm Hg, the camera insulation loses efficiency to a significant extent, so
thermal simulation will be restricted to allowing the camera to soak to a pre;
dicted temperature gradient and to follow spacecraft transients while non-
operating. During operating cycles, which will be spaced to allow steady?
stats temperature gradients to form across the opticel bar, transient thermal
response cannot be accurately simulated because of degraded insulation
efficiency. Radiation incident on the aperture is not simulated duriﬁg this
test, since trangient vesponses are not realistic, The test will encompass

a typical sequence of operating cycles, i{including film recycling teo complete
exposure of all frames. A full film load of 34000 ft. will be exposed during

the test. Photographic test operations are described in the next section.
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5.1.5 Photographic Tests

Full-format photographic tests conducted at the individual camera
level are intended to exercise all camera functions affecting photogrnphic
performance, particularly image motion compensation (IMC). Since the IMC
function varies from end to end of the frame format, the test must include
features which permit testinmg at several scan angles. The structural design
of the system, however, does not permit undegraded performance except with
the line-of-sight horizontal due to sag of the optics under earth gravity
load. Two options are available to satisfy the requirements for horisontal

line of sight and variable scan angle to target:

1. Electrieally change the optical bar encoder reference position
from zero at horizontal to another pélition. Phasing of tha IMC function

will be maintained about the new encoder zero reference.

2. Physically rotate the optical bar so that the line of sight is

horizontal at a given scan angle.

The latter option provides a more complete test, and the camera man-
ufacturer will, accordingly, provide a moﬁnting frame for the camera in the
chamber which can be rotated remotely, while maintaining required alignnent
with the target projector and collimator.

The complete series of photographic tests villiinclude.exposurel on
both eides of zero scan angle and across the full fleld width at various
light levals. All cxpolural.will be against dyna.iq'targeto driven to
similate cross-track and along-track componente of image motion.

5.2 CAMERA ACCEPTANCE TESTS

The acceptance test series conducted on each camera follows the same
general sequence as the qualification tests performed on a single camers,

at reduced stress levels and duration.

5.2.1 Checkout Tests

The camera is loaded with film and exercised by the checkout console
to assure proper film tracking and electrical performance. A short sequence
of center-scan target exposures will be made from the chamber &t a pressure
of 1 mm Hg to establish the camera optical baseline, |
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5.2,2 Film Flatnegs Test

A short segment of film will be exposed by lamps as described in
Bection 5.1.2 of this report. The film segment will be removed manually,
processed, and gauged for film flatness. The test will be conducted at

& chamber pressure of 10-3 wn Hg.

%5.,2.3 Vibration Test

The camera will be installed in a fixture and vibrated at levels
established in accordance with Section 2.5.1 of this plan.

5,.2,4 Thermal/Vacuum Tests

The camers will be installed in the chamber and subjected to the
following series of tests:

1. Optical chackout at a pressure of 1 mm Hg. A short series of
-axposures will be made at center-scan égainst a dynamic target to verify

that performance has not been degraded in vibration test.

2. Vacuum checkout, &t a pressure of 10'3mm Hg with Helium lubricant
in the film bars. This test constitutes a corona test and a Helium leak test.

A short series of exposurés will be made against a dynamic target.

3. Thermal /vacuum test at a chamber preundre of>10_5mm Hg and Nitrogen
lubricant {n the film bars. Typical missien duty cyciés will be simulated
during exposure of a film load of 5000 ft. Thermal simulation will be re-
stricted as defined by Bection 5.1.4 of this plan. Photographic tests against
&ynaniq tafgata will cover scan angles on both sides of center-scan and across
the full field width. |

5.3 MAIN FRAME STRUCTURE

For reasons developed in Section 2,5.1 of this plan, tests on the main
frame of the camera assembly will be restricted to a vibration survey and a

static load qualification,

$5.3.1 Vibration Survey

The main frame structure will be loaded with dummies simulating the mass |
distribution and attachment details of the cemeras. A set of prototype optical |
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bar bearings will be instslled on one of the dummies. The complete assembly
will be installed in s mockup of the lower half of Fhe spacecraft, and -
floated with zoft mounts fiom the floor. Vibretion will be applied with a
shaker at the attachment points of the main frame to the spacecraft, Mode
shapes of camers response and transmission to the cameras will be recorded.
Date from the two camera duﬁmies will indicate the attenuation obtained
through the optical bar bearings, to determine if bearing simulation is

essential in optical bar vibration tests.

5.3.2 Static Load Test

Jack loads will be applied to the camera dummies, simulating accelerat-
ion loads on the system. Inertiel loads dus to the truss itself will be

simulgted by an increment applie& to camera loads.

Deflections of the cameras will be measured at limit load and after
unloading, to determine nen-recoverable set. Member stresses will be measured
by strain gages at criticael points for correlation with analysis and for
determination of secondary stress effects near the joints. After reaidugl
‘set meagurement, leoading will be carried to the ultimate load level. The
test will be repeated with thrust load plus lateral load in each of two

perpendicular directions.
5.4 RECOVERY TAKEUP UNIT

Tests conducted on this unit are complicated by the need to interface
requirements with both the recovery vehicle manufacturer (for re-entry
~effects and installation) end the spacecraft manufacturer (for launch and

orbital effects and operation). The test series will include the following.

5.6.1 Trial Assembly

The first set of prototype parts will be expended in a trial assembly.
This operation will include initial fit-up and performance checks. A con-
sole will be‘provided by the camera manufacturer to control test operations
of the unit, and to simulate all electrical circuits passing through the

takeup unit/recovery vehicle connector.

5.4,2 Electrical and Mechanical Checkout

Each unit will undergo ambient cheékout tests at completion of uséembly
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‘to demonstrate performance with no film load, including spool/roller alignment,

running torque, servo response, and‘pneunattc system operationm.

5.4.3 Vibration Qualification Tests

The camera manufacturer will vibrate one takeup unit to qualification
levels established in accordance with Section 2.5.1 of this plan. The test
will simulate the launch vibration environment only, with no film load.

The gas bottle will not be pressurized during this test,

Launch vibration quelification of the recovory.vehicle will be per-
formed with a mass model of the empty tekeup unit. Re-entry vibration will
be neglected in comparison with gtatic load on the full unit,

The unit will be cperated before and after vibration qualification to

demonstrate performance,

5.4,4 Static Load Qualification Tests

The. trial assembly takeup unit will be static loided to simulate re-
entry loads with full spools. A jack load will simulate the force exerted
on the main supporf shaft lnd frame by the spools. The load villvdepcud on
the worst response expected for atmospheric deceleration or water impact.
Satisfactory performance is demonstrated if the unit atructure survives with-
out fracture or significant displacemént of the film center of mass. The gas

bottle will be separately subjected to a static burst qualification test.

5.4.5 Thetm:l/Vacuum Qualification Test

The takeup unit which underwent vibration qualification will be operated
in & vacuum of 10 mm Hg; a full £ilm load of 34000 ft. will be spooled on
to the unit during the test. Following demonstration of satisfactory per-
formance in vacuum, the unit will be integrated into the camera system

thermal/vacuum qualification test described in Section 6.1 of this plan.

5.4.6 Vibration Acceptance Test

Each takeup unit will be installed in a fixture and vibrated by the

camaera manufgcturer.,

5.4.7 Thermal /Vacuum Acceptance Test

Each takeup unit will be operated independently at the expected uniform

temper&ture extremes in a vacuum for checkout without film; and as an integral
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part of the camera system for final acceptnnco; as described in Section 6.1
of this plan, '

5.&.8 Gas Botth' Tasts

Gas bottles will be subjected to static pressurization and leek tests
as specified in Section 3.1 of this plan,

5.4.9 Recovery Vehicle Integration

One prototype takeup unit and conuolé will be provided the recovery
vehicle manufacturer for test of operating interactions between the systems.
Production takeup units will be shipped with the other camera system cem-

ponents for integration with the recovery vehicle at the launch site.

5.4.10 Takéu9782901 Development

One prototype takeup spool will be loaded with live film at the same
tension to be used for the prototype takeup. This spool will be installed
in a centrifuge and loaded to the maximum acceleration expectedkduring the
recovery sequence. After test, the film will be inspected for evidence of
<5lip along the axis of rotation. If slip has occurred, the film will be
unspocled and inspected for scratches and sbrasion. The reguired centrifuge

time will be purchased at snother facility. i

’
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6.0 ASSEMBLY LEVEL II TESTS-

The camera system qualification and acceptance tests at this'levei
congtitute the first integrated test of the maiﬁ camera aésembly,
baffles, electronics, recovery takeup, and 8/I Camera. It is essential
that a comprehensive mission profile in g thermal/vacuum environment be
performed on the integrated systeﬁ before leaving the camera manufactur-
er’s plant to assure that all system interactibns;axa checked out.
Customer acceptancé of production units will be at this time. A therough
system checkout will be conducted between tests to establish a performance
 baseline and detect any deviations. The camera manufacturer will provide

& checkout conscle te produce vehicle signali and record camera responses.

Bystem {nteractions 1n§1ude alectricgl, thermal, and mechanieal
effects. Ali camera functions are controlled from the camera system
electronics, including S/I operation and recovery takeup. The electronic
appembly slso contains main camera control logic and high power servo
amplifiers. These components are simulated for test operation of {ndi-

vidual cameras.
L}

Mechanical effects of particular importance are the vibrational
response of the cameras during operation on the support truss; aﬁd
thermal response of critical bearing surfaces. - Thermal distortions of
the support truse are important to the extent that they.exercise the
self-alignment features of the design, but the design is based op iso-

lation of the camera bearings from support effects as far as possible,

6.1 CAMERA SYSTEM THERMAL/VACUUM TESTS

6.1.1 Thermal Simulation

'

The radiative thermal environment is simulated during individual
camers tests, but the complex view factors of the system including
blockage of one camera by the other and effects of the baffled window

aperture can only be approximated at the individual cemera level.
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The effectiveness of optical bar insulation in damping and the magnitude
of steady gradients can be accurately determined only in prolonged soak
tests where the pressure environment, vehicle leak rate and vehicle |
temperature distribution are simulated. Further, the effectiveness of
camera thermal design features for dumping heat to the vehicle cannot

be simulated with less than a full ﬁehicle model including sink capacity

and cross-radiative view factors.

Thermal control ©0f the cameras depends on transient response limits -
in few cases do local temperatures reach a steady state during operation -
80 a reasonable simulation of a mission profile is required, including_

worst orbital parameters and a typical duty eycle.

The system test will also include simulation of radiation incident
on the aperture, including albedo, earthshine, and insolation. Variation
in direction and intensity and spectral content of these components will
be simulated. Such a test is not practical at the individual camera
level, since blockage and re-radiation by the window baffle cannot be

similated without a complete vehicle model,

6.1.2 System Mockup

A mockup of the spacecraft structure on which to mount the camera
subsyetems will be constructed by the camera manufacturer. The mockup
will include true geometry and insulation as well as dummy heat sources
and simlated load paths and thermal inertias. This mockup will also
be used for vibratioh surveys preceding system thermal developmental
test.

1f a prototype structure is avgilable from the spacecraft manu-
facturer in time to satisfy camera schedule requirsments, it is highly‘

desirable to substitute the prototype for the ﬁockup.

The system mockup will also include simulation of the recovery
vehicle thermal inertis and insulating properties, to determine response
of the takeup unit during operstion. A prototype recovery vehicle
should be employed, if available. '
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6.1.3 Praessure Envirsmment

Due to feasibility limitations on pumping capacity, as will ba
discussed in Bection 8.5 of this report, system thermal/vacuum tests
will be conducted in two regimes:

1. Test with Helium lubricant for film path gas bars at a
chamber ambient prnaeuré of 10°% mm Hg. At this pressure, significant
gasecus conduction through the optical bar insulation will accﬁr.

2. Test with Nitrogen lubricant at a chamber ambient of 105 mm
Hg. At this pressure, gaseous conduction is negligible.

During single camera tests, pumping capacity is sufficient
to maintain a pressure of 10~° mm Hg only with the camera non-
operating. Thus a thermal mission simulation is possible only on the

system level.

6.1.4 Photographic Tests

Qualification and acceptance tests on production systems will
include dynamic resolution tests at center-scan only of both |
camerss. Image quality detexmined at this level of assembly will
be compared to results of the individual camera tests to indicate
any performance degradation. Since full-field tests at center -~ and
extreme - scan positions were conducted on the individual cameras,
performance will be predicated on acceptable center-scan results at

the system level.

6.1.5 Thermal Mockup Test

To provide the earlieat‘pbssible confirmation of gystem thermal
analyses, the apacecruft mockup will be assembled with dummy camera

subassemblies containing accurate simulation of heat sources, thermal
capacity, and surface properties., Operating cycles will be duplicated
and temperature gradients and transients noted on the optical bar
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structure and electrieal components. Since real epcic} will not be
uged in thie test, tha temperature reapits.vil} be coftelated with
analysis and with data from the optical bar thermal sensitivity test
to predict optical response. Abgolute limits on duty eycle duration
and sequencing will be expl@:ad in this test.

6.1.6 System Qualification Test

Following assembly and'chcckodt of camera subsystems on the
spacecraft mockup, two tests will be conducted in thermal/vacuum

environmenta:

1. Corona qualification, one day tcét duration, A minimm of
5,000 feet of film will be cycled within the cameras over durations
simulating typical duty cycian and exposure of all freme sequences.
At the completion of camera operation, the film will be ‘'spooled
into the recovery vehicle takeup over a simulated intra-vehicle ftlm
path. Helium lubricant will be used in the film bars. Chamber
smbient pressure will be 10} wm Hg, ﬁemperature cycled to approximate
the expected optical bar response. This test will constitute a Helium
leak test of the pneumatic system. Dynamic resolution tests will be
performad at this time only to check out the test installationm.

2. Thermal qunlification, a mission simulation of gbout five
days duration. The £ilm bar pressurization system will be purged
and filled with dry Nitrogen, Chamber ambient prgflure will be
10°% mm Hg, and temparature of the chamber walls will be cycled to
simulate the calculated heat flux to the spacecraft skin during
orbital passes. The cameras will be opérated in the presence of
similated radiant input to the aperture, on a duty cycle representing
the worst projected conditions. Between eperating cycles, the camersa
will continue to soak in econditions simulating orbital heat flux., At

the completion of main camera dynamic resolution test, film will be
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spliced to a leader and spooled into the recovery vehicle takeup over
a simulated intravehicle film path. The test will alec include opera-
tion of the stellar/index camera as controlled by the camsra cysﬁem

programmer. Static targets will also be exposed en the 8/1 £1iim load.

A complete film load of 34,000 feet will be expended in each
camexrsa of the Main Camers Assembly during the test. Filwm will be
recycled within the cameras to complete exposure of all frame

sequencas,

6.1.7 Systcm Aoceptance Test

System acceptance will be based on operating tests in a simulated
thermal/vacuum environment, with thc same test arrangement as for
qualification. The test will be divided into two parts:

1. Short duration checkout with Helium lubricant in the gas
bars at a chamber pressure of 10°% mm Hg., A short sequence of frames
will be exposed with a dynamic target siemlator. The esxposed film will
be manually unspocled from the camera takeup for processing and inspec-
tion, Chamber temperature will be maintained at ambient.

2, Bhort duration mission simulation with Nitrogen £i{lm bar
lubricant at a chamber pressure of 107° mm Hg and complete thermal
simulation. The test will cover the same staps .an the system qualifi-
cation at a reduced time span. Mission gimulation will be two‘,daya.
and film use will be 5,000 feet minimum. The film will be recycl'ed to
complete three exposure passes, and will be spooled to the recovery
vehicle takeup. Dynamic targets will be exposed at the center of each
scan., Typical duty cycles will be observed. The S/I camera will also
be operated in its normsl duty cycle against statiec targets.
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6.2 CAMERA SYSTEM RLECTRONICS

No developmental tests on the asgembled camera system electronics
unit are planned since the packages of which it is composed are indio
vidually tested for thermal response and vibration fragility. " The
qualification unit will be i{nstrumented to assure that component re-
spense Iimitb are not exceeded. Sinccttbe componants are inherently
ruggad, these response liﬁitu are relatively high. ‘A'ééﬁ;ole simulating
all input/output connections to the électronic jslembly; end contalning
readout equipment for recerding ﬁerformnnce will be provided by the

camera manufacturer for checkout of the unit,

6.2.1 Vibration Tests

The camera system electronics unit will be vibrated at quaiification
and acceptance levels to be determined in asccordance with Section 2.5.2
of this report. Performance will be checked before and after vibratiom.

6.2.2 Thermal/Vacuum Tests

The electroaics unit will be qualificd and accepted as part of the
camera system assembly in a simulated thermal/vacuum environment. A
vacuum operate test will be performed on the unit before any system test.
The vacuum oparate test will consist of operating and monitoring per-
formance of the unit during exposure to a prassure less than 10”7 mm Hg
for a period of less than one hour at the expected uniform temperature
extremes. This test assures that novlow~§xesaure electrical effects

such as arcing are present.

6.2.3 RFI Test

A qualification test of one camera system electronics unit will be
conducted to assure that oparating RF transmission {s within limits
tolerable by the spacecraft.
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6.3 8/I CAMERA TESTS | e

Design of the 8/1 Camera is not W1thin the scope of this ptogran.
For planning purposes, the following teets are groposed to assure that
interactions of the 8/1I with the rcmaindar of the camera system are
chacked out. : It is asssumed that wechanical, electrical, and optical
checkouts have been performed on the 8/I before entering this test
sequence. Approprigte consoles and alignment benches will be provided
by the 8/1 Camera manufacturerx. ‘

6.3.1 Vibration Tests

The S/I Camera unit will be vibrated at qualification and acceptance
levels to be determined in accordance with Section 2§§.2 of this report. -
Performance at ambient will be checked before qndléfter vibration,

6.3.2 Thermal/Vacuum Tests

The S/I Camera will be qualifisd and accepted as part of the camera
system assembly in a simulated thermal/vasuwum eavironment. 'A vacuum
operate test will be performed on the unit before any syatem'test. The
vacuum Operate test will coensist of a short series of axposures of a
gtatic targat at a chauber pressure less than 10~% mm Hg, and at the
expected uniform temperature extremes.

6.3.3 RFPI Test

A qualification test of one S/I Camera will be conducted to assure
that operating RF transmission is within limits tolerable by the

spacecraft.
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7.0 ASSEMBLY LEVEL I TESTS '

As noted in the preceding section, delivéry of the camera
system to the customer is predicated on successful completion of
system tests at the cemera manufecturer’s facility. This section
eatablishes requirmnta for camera luulators at the spacecraft
manufacturer's facility, and for final integration tests on the

cagmera system in the field.

7.1 SPACECRAFT ENVIRONMENTAL TESTS

The apatecraft contractor will conduct environmental develop-~
ment, qualification, and acceptance tests on the spacecraft in
pavallel with camera system tests., Following the same rationale
by which éysten gimulation was developed fer camera teets, camera
simulation will be recuired feor apacectaft‘ teste. The camesra manu-
facturer will construct an accurate massg, fspattal,(and thermal model
of the main camera on a prototype truss structure for use in space-_" 4
craft tests. Models of the $/1 camera and camera system électronics
unit will also be provided. The system electronice unit model will
include simulatien of all camera electrica.ll loads aﬁd output signals

for checkout of the camera spacecraft electrical interface.

Note that equipments existing at the spacecraft manuf&ciurer’s.
facility - or anywvhere else in the country - are of lintsited use for
integrated system testing, since: _ .

1. Vacugm pw;ging capacity is inadequate to maintain ].O.'5 mn Hg

.

with film gas bars operating.
2. No optical facilities are installed (collimators, target
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3. Unidirectional solar simulation does not permit thermal
simulation without moving the spacecraft which would prohibit
optical testing,

4., Thermal radiation incident on the aperture is not simnltted.
The special facility which providea these features {s required only
for camera testing. Economics alone argue against duplicating the
facility for testing higher levels of assembly after the camera ia'
thoroughly evaluated.

7.2 RECOVERY VEHICLE ENVIRONMENTAL TESTS

A prototype recovery takeup unit will be provided the recovery
vehicle manufacturer for vibration testing. The tests will include
a survey with instrumentation which defines responses at points on
the takeup unit to be specified by the camera manufacturer, and a
qualification test. Vibra;ion acceptance tests of the récovery
vehicle will be performed with a dummy mass simulating'tﬁe takeup
unit. A console provided with the takeup unit will permit operation
- with simulated €ilm drag during thermal-vacuum testing of the
recovery vehicle, to duplicate the takeup heat load.

7.3 PAD VALIDATION

A second mass and spatial model of the main camera will be
fabricated for pad validation, including handling procedures and
vehicle integration. An electrical simulator of all camera system
loads and output will be included {n the model of the camera system
electronics unit, This model will include provision for checkout
ef ground test circuits to and from the camera console in the block-

house.

7.4 SYSTEM INTEGRATION AND CHECROUT

Final integration of the camera and spacecraft will be in the
Mission Assembly Building (MAB) at the launch site. Camers system
and spacecraft will be shipped separately to the MAB.
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T.4.1 Camara Checkout

Film will be loaded into the main camera and the pystem checked
for operation at ambient before integratioﬁ with the spacecraft}
This operational check will include a static photographic test as
tha final optical check on the main camers. The tast ﬁill be '
performed at ambient temperature and pressure with a portable
collimator and target projector to be provided by the camera
manufacturer. The target will be defocused a specified distance
with réspect to the collimator to compensate for the known vacuum
focal shift of the camera. The test must be perfermad at centey
field, with film stationary and line of sight horizontal.

k]

7.4.2 Camera/Spacecraft Alignment

A large-aperture theodolite will be employed to measure the
angle from a line of sight projected from the focal plane of each’
main camera to the vehicle asttitude referance in each of threas

planes.

7.4.3 Camera/Spacecraft Integration

Ambvient operating tests will be performed to echeck out inter-

actions of the camera and spacecraft.

These tests will incliude:

1. Command validity and sequencing.

2. Power suppli éontinuity and regulation aceuracy.

3, Telemetry celibration end aeqﬁencing.  '

4., Installation of film path and test of film tracking to the
rscovery vehicle, -

5. Installation of light baffles and verification of spacecraft
light tightness.
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Pilm spoeled into the recovery vehicle during these tests will
be removed manually., Live film will bs leaded onto the csmeras
when all checkout tests in the MAD have been goﬁpletnd satisfactorily.
Gas supply for the camera film bars will be pressurized in the MAB
before the camera compartment i& sealed. No further camera o;mrnting
tests will be performed on the ped.
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8.0 TEST EQUIPMENT

8.1 ELECTRICAL CHECKOUT

In addition to the normal lab type test equipment, there are

requirements for some special test and simulation equipment.

1. Subassembly Test Equipment - In aHdition to the normal

lab equipment, the subsssembly testing will require a strip chart
recorder, a jig to test encoder position acéuracy, and a dynamic
torque testing setup.

2. Subsystem Test Equipment - The special subsystem test

equipment needed consists of a variable speed film drive, dummy
inertial loads, and'conttol logic and programmer simulator testing
the various gubsystems.

3. S8ystem Test Equipment ~ The additional system test equipment

requirement is for a control console to simulate the vehicle inter-

face and control signals.

8.2 MECHANICAL AND OPFTICAL CHECKOUT

1. Surface plates and alignment benches large enough to
accommodate the supply end assembly, takeup end assembly, and the
film transport assembly,

2. Alignment fixtures for the optical bar, film transport drum,
and TMC encoders. o ,

3. Three collimators and an optical bench to monitor IMC
linear travel.

4. Test frame to support the supply and takeup end assemblies
at the main bearings and- force transducers for static and dynamic

balancing.
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8.3 VIBRATION EQUIPMENT

8.3.1 Shakers

Vibration shakers of three sizes are required to perform the
development and qualification vibration tests for the system main

frame, opticel bar assembly and system subassemblies.

1. The first vibration system required to test the 6ptica1 bar

and main cameras comprises two shakers rated at 28,000 pounds each sine
vactor or 28,000 pounds random with a 84,000 pbunds peak pulse capacity.

| 2. The second shaker would be used for component and sub-
agsembly qualification testing, and is rated at 10,000 pounds
sine vector, or 10,000 pounds random with a 25,000 pounds peak
pulse capacity. '

3. The third shaker required for calibracipg transducers or
as a portsble shaker for resonant surveys has a capacity of 150

pounds sine vector.

8.3.2 Fixtures gnd Tables

The 10,000 pound and 30,000 pound shakers will be mounted on
inertia blocks and isolatéd to maintain low transmissibility of
forces to the surrounding building and equipment. A slippery table
for testing the main cameras in a horizontal attitude will be
provided.

8.3.3 Amplifiers and Signsl Sources

A power amplifier rated at 175 KVA output power will be used
to drive the shakers, Automatic sine sweep, shock
pulse, and nolse generator capability will be included in a master

control console,
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8.3.4 Instrumentation
Velocity and acceleration transducers and strain gages will be

used to monitor the response at critical locations of the test

specimens during & vibration test.

In addition, & Columbia Research Laboratory Vibration and
Shock Monitoring Recording System will be used to graphically
record the responsas on paper. The recorder has a 12 chsannel

capacity.

A wminimum of 50 automatic equalizing filters are required
with the above shakers, to shape the spectra of random inputs,

A fixed-bandwidth harmonic analyzer is required to monitor
random input spectra and to determine output spectra. A aix?‘
channel magnetic tape recorder, X-Y plotter, and tape loop trahsport
will be provided as peripheral equipment to the spectrum analyzer
for rapid recording and readout of power spectral density data.

8.4 BSTATIC LOAD

80‘4.1 OptiCll Bal' Stlﬂd "
-3

The optical bar stand is a structural test bed to support the
optical bar aseembly at its bearings for qualification static test.
There will be provisions to attach steel loading cables with load
cells through hydraulic jacks to the bame of the frame. These ;
loading cables are used to exert 2 load on the mass-simulated sub-

assemblias in the optical bar.

8.4.2 Main Frame Stand

The main frame test stand will be a steel framework bolted to a
concrete pad., With the optical bars removed, rigid pipe shall be
installed in the bearing housinga'and loads applied at the locations
of the centers of gravity of the optical bars. The loads shall be
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applied through load cells by hydraulic jacks and cables. Based on
the results of analytical studies, highly-stressed truss members
shall be instrumented with strain gages, and the actual forces in
these members as a function of the applied loads shall be measured.

In addition to member styesses, displacements at selected
joints will be measured with dial gages. This data will be useful
information for various dynamic analysea (e.g., dynamic response,

servo-coupling).

Both sets of data (member atresees,;nd joint diaplacements) N
shall be compared to calculated values to ascertain the validit§
of the mathematical model of the structure. If necessary, the
mathematical model shall be adjusted‘to corrasﬁond accurately with

the test results.

8.4.3 Loading Jacks

The loading lacks shall be hydraulically actugted end of
sufficient capacity to apply at least twice the maximum test load.
Applied forces shall be measured with lvad cells.

8.4.4 Instrumentation

1. Optical Alignment Equipment - The equipment that will be

nesded to check the optical alignment of the optical bar assembly
after each static test are a theodolite and 6 precision Optical _
alignment flate with cross-hairs at their centers.
‘ 2. Load Cells ~ Lead cells will be reduired in four capacitiea:
100, 500, 2000, and 10,000 pounds. The sensitivity of the load cells
should not be less than 1/2 percent of capacity.

3. Strain Gages - Strain gages will be required which are

capable of veading straine as low as 2 microinches pei inch.
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4, Displacement Gages - Dial 1ndicJ¥ori and linear displacement

transducers are required with the following resclutions and rtnges{
gages capable of reeding displagements in increments of 0.0001 inches
with maximum displacements of 0.010 inches; reading increments of
0.0008 inches with & maximum value of 0;050 1ﬁchel; and reading
increments of 0.001 inches with a maximum capacity of 0.1 inch.

8.5 THERMAL/VACUUM TEST

8.5.1 Syataﬁ Test Facility

The camers system manufacturer will cdnstruct & chamber of
sufficient capacity to optically test the complete cemera system
in a mockup spacecraft. This facility is shown in Pig. 16, ‘

. Generally, the test equipment will have to be sble to simulate
the space induced environments as experiencgd by components, assem-
blies, and the complete system in sufficient detail to assure sig-
nificant tests. In addition, the equipment will have to provide
means for simultanecusly measuring the temperatures of the test
models and the significant consequences of these temperatures {(e.g.,
the optical quality of the complete system). Thus, a large vacuum
chamber must be used which can simulate the space thermal environment
to the entire tytteﬁ_and where optical performance of the system can

be measured simultaneously,

1. A configuration that can support the entire system (qamsras,
support structure, and vehicle skin) in a manner such that thermally
induced forces and moments acting betwean the main elements of the

syatem are unrestrained.

This, for example, will permit the expansions and contrace-
tions of the skin and mounting ring to transmit into the optical
system as will oceur in space. The use of strain gages to ascertain
and separate the effects caused by gravity will be required here.
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2., Means of simulating the thermal environment in space to
the dagree required for walid testing.

Yor example, only absorbed energy need be simulated in the
vicinity of the skins, At the first Optic#l.elamznt'of the pyatém,’
however, it will be necessary to simulste the direction, magnitude, ,
and spectral content of the environmental energy entering the optical
systemn in order to aeghieve a proper similation of the energy diltri-
bution within the various elements of the camexa duting.operation.

3. A pressure level and pumping rate adequate to eliminate
significant heat conduction within the air between layers of super~-
insulation and to avold inhibiting outgassing or leaks in the system,

To accomplish the above, it is propo.ed‘thatmthh model of
the system, including the spacecraft skin, be encased in an envelope
whose inner configuration is identical with the model’s outer ghape
but is elightly larger. This énVelope will be blackened on the in-
side and contain tubing through which liquid nitrogen will be passed!.
Within this envelope will be a "birdcage' made up of a mosaic of
individual heater wire panels mounted on an‘elaccrically and ther-
mally insulated frame. The mosaics of wire heaters will be controlled
individually and wheu turned off will be sufficiently "transparent"
go that the mockup can "see" the cold panels beyond. The object, then,
will be to program the surface temperature history of each wire panel
to simulate the energy that would be absorbed in flight by the region
of the model that is directly opposite the wire panel. The panel

temperatures ave set according to the following equation.

! Adequate for simulating space - no need to go as low as liquid
helium temperatures; error caused is approximately + 0.8°F in
the temperature levels of the model.
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T ™
P
where!
o Stefﬁn-Boltzman gonstant
'ai average ab:orptiﬁity over model surface opposite a

panel corresponding to irradiation i ({ = 1, 2, 3)

Gy direct insolation
Gy reflected or albedo radiation from.
' . analyses
Gy earthshine (i.e., surface emitted radiation)
F factor accounting for the geometrie form factor bstween
the wires and the surfate of model gnd the grea of the
wires

)

This proposed arrangement permits simulating the internal and surface
tsmperature responses of the model without resorting to expensive solar
s{mulators. In addition, by controlling local wire panels that only
influence the wodel surfaces directly opposite them, the usual geometfic
difficulties that occur in chambers of the same ordér of mmgnitude in
gize ap the model are eliminated. Also, ths ease of programming

wire panel temperatures, where heating alone need be considered,

-makes the suggested approach attractive. The time response of the
temperature-controlVpanels has been calculated and is shown in ?13. i7.
For economy of powcr,lan arrey of reflecting louvers has been included
between heating panels and cold wall; the louvers would be closed
vithhﬁtc:poytx; of.,

— -

The teat facility shown in Fig. 16 érovideu ail the essen-
tial characteristics described previously. It consists in a
chamber 20 feet in diameter and 25 feet long with liquid nitrogen
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coeled walls. A chamber having these dimensions wiil parmit the
thermal evaluation of the camera section of the vehicle along with
the recovery vehicle, There are sixteen program-controlled electric
heating panels surrounding the vehicle structure with a spacing from
panel to vehicle of approximately two inches. With panel tempernturéi
controlled by a digital-analog computer combination, all incident heat
flux variations with time can be produced, consistant with maximuﬁ
response time. Programmed incident heat flux used during test will,

of gourse, be determined through a previous annlysis..

A difficult problem exists in providing the solar input {direct
soiar and albedo) with proper diréctional characteristics at the cut
in the vehicle. The approach to this problem is to use an array of
solar.simulaﬁion‘zfmps with diffuse reflection coming from platas
as shown in Fig. 18, Tb.prevent direct irradiastion of the vehicle
from the lamps, vraflectors are employed as shown. In addition,
since the vehicle cut must also see a cold surface representing the
earth, cutouts in the diffuse reflecting surface provide "asee-through"

openings to the cutermost cold panel,

Fig\lg.is s bleck disgram of the chamber thermal control system.
The flexibility inherent in computer control cannot be duplicated, in
transient cases, by any other known weans. Additionally, the computer
permits immediate data reduction to gtrain and temperature parameters

€

for interpretation during a test.

There are special problems involved in the design of the thermal
vacuum chambers required for the development and teﬁt of the camera
system, The utilization of gas bars in the film transport system
introduces gas loads to the vacuum pumping system which are far in
excess of normsl specimaen ocutgassing. These gas loadnudiétata the
siring end methods used to evacuate the vessel. |
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The calculated gas loads that will be introduced into the
pumping system are as follows. These are dynamic or operating

gae loads.

, Gas Load _ . Outgassing
At Standard Atmosphere 5.6 L/sac He Negligible
At 1 mm Hg 228 L/sec Hé “‘ ~ Negligible
At 1 micron Hg 228 x 10%L/sec He 4 x 10° L/sec
At 1 x 1075 mnm Hg 22.8 x 10° L/sec N, 39 x 10% L/sec
At 1 x 107% mn Hg , 228 x 10° L/sec Ny 60 x 10° L/sec

The ability to handle gae loads of this proportion is limited
by several factors. S8ince practically all gasses can be pumped
with mechanical pumps and oil diffusion pumps, the primary pumping
system will be mechanical and diffusion pumps. This combination is
effective to a point where no physical room is left to install’
diffusion pumps without enlarging the size of the chamber beyond
reasonable proportion, With the gas loads liberated by the cnmefal
gas bars, specimen cutgassing, inherent leak rate of the chamber seals
and absorbed contamination of the chamber and shrouds, it is feasible
to evacuate the chamber with diffusion pumps to 1 micron Hg with ’
Helium as the liberated gas. Ten NRC 48" high speed diffusion pumps,
baffled with LN; cold traps rated at 40 x 10% L/sec at 1 x 107¢ Hg
would handle these gas loads and reduce the pressure to apptoxim@taly
8.5 x 10~Y mm Hg, and maintain & desired pfassure level between 50
microns and 8.5 x 10”¢ mm Hg by regulating the pumping capacity
through selective switching in and out of diffusion pumps.

At the 1 x 10°% mm Hg pressure level, it then becomes necessary
to introduce an additional pumping medis because of the chamber size
versus pump capacity tredeoff and in consideration of -the expansion of
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the masses with each decade it is not feasible ﬁo attempt to
evacuate the chamber below 1 x 10“3‘mm-Hg with diffusion pumps.
The tertiary pumping system‘proposad is that of cryo-pumping

with dense gas helium at 20°K. At this point the gas used in

the gas bars must be nitregen. To continue to use helium would
require the use of hydrogen in the cryo panels which would {ntro-
duce far too many hazgrdp. The puﬁping speeds 05 cryo panels
using dense gas helium at 20°K will condense out 3.6 x 10° L/sec
of dry nitrogen par square foot of cryo panel surface. This

value decreases with time as the cryo surfaces become contaminated
with nitrogen molecules and consequently, reduce the capture
coefficient of the cup panels. Therefore, the surface area must
be adeqﬁate to accomunodate the flow of molecules for the time
required and shaped to best intercept the flow of molecules.
During camera-off eycles, the temperature of the eryo panels can
be elevated to drive off absorbed molecules which can be e%gcuated
by the ten diffusion pumps. Careful temperature regulation can
"clean up" in part the cryo panels without sdturating the diffusion
pumps., Bacause of helium conservation 13&5, it i8 necessary to
refrigerate dense gas helium and use a closed loop system which
does not Qasté sppreciable amounts of helium. Since cryo pumping
speed 1s a function of surface temperature, helium refrigeration
equipment must also be sized to accommodate the heat transfer
through chamber walls and heat loads generated by the specimen and
thermal shrouds. This is calculated at 1.4 EW. To attain the
vacuum levels required (1 x 107° mm Hg). It will be necessary to

have 7,000 square feet of cryo panels. Theoretically, this array
of cryo panels, assisted by the diffusion pumps and backed by
mechanical pumps should pump the 22.8 x 10° L/seec of liberated
nitrogen and the 39 x 10° L/sec of film outgassing and maintain
the required 1 x 107° mm Hg during thermal optical tests.
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It is noted at this time that no where in existance is there
such a pumping capacity as we require. It is within the state of
the art, however, this requirement has never arisen. Some facil-
ities require large pumping capacities, for instance, the General
Electric chamber at Velley Forge has a capacity of 3.5 x 106 L/sec
and the ne@ NASA facility at Houston has a requirement of 10 x 108
L/sec. '

The installation we will require, will exceed the largest .
capacity. The chamber size is not completely defined but it will
be approximately 20 feet in diameter and 25 feet long.

8.5.2 Camera Test Facility

: o
Two chambers will be installed to test individual cameras in

a thermal/vacuum environment, as shown in Pig. 20. Temperature
will be controlled by a fluid-cooled jacket and eight zones of
electrical heating elements. Pumping capacity will be sufficient

only to draw down to 10°° mm Hg with the camera non-operating.

Within each chamber will be a test stand which will accept

the camera at its main bearing housings. The atand may be remotely

actuated to rotate the baring housings through 120 degrees, and to
yaw the camera + 2 degreses with respect to the collimator axis.
These features permit full-format photographic testing while the

line-of-sight during test remains horizontal.

8.5.3 Small Chambers

A number of small vacuwum chambers will be required for test
of mechanical and optical subassemblies and components. Typical
size for these chambers will be 5 feat diameter by 5 feet long,
wvhich would accommodate the recovery takeup unit, transport, and

8/1 camera.
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