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FOIDMORD 

This report details the performance of the payload system 

during the operational phase of the Program. Flight Test 

Vehicle 1644. l!!OO:i"1t l!L~ ,'-

Lockheed Missiles and Space Company has the responsibility 

for evaluating payload performs.nee under the Level of Effort 

and 11.r" System contracts. 

This document is the final payload test and performance 

evaluation report for Missions 1104-1 and llOl-1--2 which were 

launched on 7 August 1968. 
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INTRODUCTION 

This report presents the final performance evaluation of Missions 

1104-1 and 1104-2 of the Corona Program, The purpose of this report is 

to define the performance characteristics of the CR-4 payload system and 

to identify the source of in-flight anomalies. 

The performance evaluation was jointly conducted by representatives 

of Lockheed Missiles and Space Company (LMSC) and ITEK at the facilities 

of NPlC and AFSPPF. The off-line evaluation using Corona engineering 

photography acquired over the United States was performed at the individual 

contractors plants. 

The quantitative data used for this report is obtained from govern

ment organizations. The diffuse density data, and MI'F/AIM resolution 

are produced by AFSPPF. The vehicle attitude error values, frame correla-

tion times are 

published by 

made at NPIC who also supply the Processing Summary 
rl '(~rr) (_. 

NR02Si..~ 

reports 

Computer progrwus developed by A/P are utilized to calculate and plot 

the frequency distribution of' the various contributors to tmage smear to 

permit analysis and correlation of the conditions of photography to the 

information content and quality of the a.cqu:i.red pictures. Computer analysis 

of the exposure, processing and illumination data provides the necessary 

data to analyze the exposure criteria selected for the mission. 

This report contains certain data sU!JJlT:.arized from 

Processing Su..rmn.a.ry, C-38-200613, and from AFSPPF 'l'ERO Report, 101-1-116. 

TOP 9:F~ C 
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SEC'l'ION l 

MISSION SUMMARY 

A, MISSION OBJECTIVES 

The payload. section of Mission 1104, placed into orbit by Fli.ght 

'I'est Vehicle #1644 and THORAD Booster #522, consisted of two panoramic 

cameras, one DISIC camera, two Mark 5A recovery capsules and a space 

structure to enclose the cameras and provide mounting surfaces for all 

equipment. F1gure 1-1 presents an j_nboard profile of the CR-4 :payload 

system. The Corona "J" system is designed to acquire search and recon-

naissance photography of selected areas of the earth from orbital alti

tudes. A seven day -1 mission and an eight day -2 mission was planned. 

B. MISSION D:EECRIPTION 

The payload was launched from Vandenberg Air Force Base (VAFB) at 

2136:55Z (1436:55 Pill') on 7 August 1968. Ascent and injection were nor-

mal and the achieved orbit was wi thi.n nomi.nal tolerances. Tracking and 

corr~~and support was effected by the Air Force Satellite Control Facility\ 

central 

control of the Satellite Test Center at Sunny-vale, California. Mission 

1104-1 consisted of a 7 day operation and was completed by air recovery 

on 14 August 1968. Mission 1104-2 was completed with an air recovery 

on 22 August 1968 f'ollowing an 8 day photographic operation. 

'l'he comparison of' the planned and actual orbit parameters is tabu

lated as f'ollows: 

Approved for Release: 2020/08/17 C05129997 
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ORBITAL PARAMETERS 

Parameter 

Period (Min.) 

Perigee (N .M.} 

Apogee (ll.M.) 

Inclination (Deg.) 

Perigee Latitude (Deg. N) 

Eccentricity 

Planned 

88.67 

84.96 

142.83 

82.0 

20.56 

0.008175 

Orbit 2 
Actuals 

88.72 

84.3 

143.7 

82.11 

5.70 

0.0084 

Three drag make-up rockets were fired during Mission 1104-1, and seven 

during 1104-2. An eleventh rocket was fired after the second recovery. 

C. PA!IORAMIC CAMERAS 

Both instruments operated satisfactorily throughout both missions, and 

produced very good image quality except where degraded by atmospheric 

attenuation. This was considered to be the best of any Corona system to date • 

• 

-3-

Approved for Release: 2020/08/17 C05129997 



► ~ 
~ 

0 
< • ~ 
Q 
;o 
• .. • • • 
~ 
0 
~ 
0 
cl 
00 :, 
~ 

() 
0 
~ -~, 
<D-
<D-

'°' ~ 

,, 

., 
~ 

' !;,, 

,'."] 

! ~, 
" ':-,. 

, 
,_ 

PAYLOAD PROFILE A).,;) SERIAL !.1l}IBERS 

-FILM PATH 

MAIN INTERMEDIATE ROLLER 

MAI~ TAKE-UP CASSETTE 

ASSV\ 
CR PAN 

(

DEL TA STRUCTURE 

CAMERA}\ , PRESSURE DIA?HRAGMrf 

/ \ 116 

~ ' ' - --'-½'., ' - :--''' i / ~ -~- \ ~----~~'--- ¥71--~--~-r'» ____ .11~ -lh. ·1

1
-f,, -I X . _ --ef:\\0-/.:,..,_:;:,---- , b.. ·--- - r, , 

\ I\ --- ' ' 1' ,v::;.-- I . ~ • -• -- __ t.,.; !{;s'i·d \ , J ,. 11 ii I 

(/, - -~c_,- , \///1 , ff.__'7':::71 ~ \ '\ \n/ iLJJr r1[;11 i\:·\/ (1 /~: / \ : 1-n __ / f j .L,'/ \ni r I lt::7 ~\ t' . 1 I !i 
1 \ i \ Ii 1

'
1 

r1 ·-- 1 ........ -... +-•, -- -p--·l·--· 

~
i~· ,,_, VJd,'---;l,li'-'~ 1 -- \Jy.1 d f~ \ \ ~/~II !1 ~ 

c:;-" ' ~~ c;- I ~~ '' ,'""_-- ;JJ Ii jl 

I 
-...___:_ __ g--, / ---=-- - u 1, 

1 
, " 'l"r' _,_--'( - · r 11 

,i, 

~ ' L_ , I? 
L "A" SRV .-.:,. nl : 1g 

/ll 809 ' 
S '--'- FAIRING P/--~~"---,-' 

'B' SRV 
i 

\ 
I 

S/N_ 810 
DiSIC CAMERA 

S/N 007 DIS!C CON:C 
MAIN BOOT 

., 
! 6 

SYSTEM NO. CR-4 -
TZST Flight 

PMU S/N · 1005 

S!.OPE PROGP.Al-'.!·ll:R S/N _20J 

CLOCK S/N 618 
FIGURE 1-1 

INST BBL 

S/ll_.20B 

S/11_ 309 

FILM SUPPLY 

S/N 305 
CASSETE 

.,_ "' 
.tf /J 
II t -~ 

'~ 

" 



I 
i 

' -

I 

Approved for Releas~: 2020/08/17 C65129997 

mt025Xl.A4(1)C 

D. DISIC CAMERA 

The DISIC camera operated satisfactorily throughout both the -1 and -2 

missions. Most Stellar images appear as points rather than the common odd 

shaped stars. A minor light leak caused a few instances of obscured imagery. 

E. OTKER SUB-SYSTEMS 

The clock, COillDIB..,.~d and thermal control subsystems performed satisfactorily. 

The 1104-2 SRV tape recorder railed after only one instrument operate. The 

pressure make-up system functioned erratically and was disabled from Rev. 124 

to Rev. 200. The failure permitted significant degradation of the special 

color film iltlagery from the panoramic instrumentsa 

F. COMPONE!<"T IDENTIFICATIONS AND SEJ'TINGS 

le Forward Looking Panoramic Camera 

a. Component Assign.~ent 

Component 

Main Camera 

Main Camera Lens 

Supply Horizon Camera Lens 

Take-up Horizon Camera Lens 

b. Camera ta.ta and Flight Settings 

Main Camera: 

Lens 

Slit Widths 

0.199" 

0,23211 r 

0.298" 

-5-
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l<11o<SJt 
4 •11;c, 

S4 

F/S 

Filter Types 

Primary 

Secondary 

Film Types 

Primaxy 

Secondary 

0.298'1 

0. 238" 

Wratten 25 

Wratten 15 + 0.9 N.D. 

Eastman Type 34o4 (15,200 Ft.) 

Eastman Ty}:le S0-18o (8oO Ft,) 

Supply {Port) Horizon Camera: 

Lens 55 mm r/6.3 

r/6.3 

l/100 second 

Aperture Setting 

Exposure Time 

Filter Type Wratten 25 (NG-3 Auxiliary) 

Take-up (Starboard) Horizon Camera: 

Lens 

Aperture Setting 

Ex:posure Time 

55 mm r/6. 3 

r/8.o 

1/100 second 

:filter Type Wratten 25 (NG-3 Auxiliary) 

2, A:ft Look:i.ng Panoramic Camera 

a. Component Assignment 

Component 

Main Camera 

Main Camera Lens 

Supply Horizon Camera Lens 

Take-up Horizon Camera Lens 

T0P f!l'.88flM' 8 

-6-
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b, Camera Data &'1d Flight Settings 

Main Camera: 

Lens 

Slit Widths 

Filter Types 

Primary 

Secondary 

Film Type 

24"r/3.5 

0.15111 

0. 21011 

Wratten 21 

SF05 

Eastman Type 34o4 (16,300 Ft~ 

Supply (Starboard) Horizon Camera: 

Lens 

Aperture Setting 

Exposure Time 

Filter Type 

55 mm f/6.3 

f/8.o 

1/100 second 

Wratten 25 

~'ake-up (Port) Horizon Camera: 

Lens 

Aperture Setting 

Exposure Time 

Filter Type 

-7-
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3. DISIC Camera 

NR02sxll!4 (I)a 

a. Component Assignment 

Component 

Camera 

Index Reseau 

Stellar Reseaus 

Port 

Starboard 

b. CaLJ.era Data and Flight Setti_ngs 

Stellar C8.I1'.ieras: 

Lens 

Exposure Time 

Filter Ty},)e 

Film Type 

Index Camera: 

Lens 

Exposure 'l'ime 

Filter Type 

FiL'II Type 

Approved for Release: 2020/08/17 C05129997 
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1lECTION 2 

PRE-FLIGHT SYSTEMS TESTS 

As a standard :procedure, the CR payload systems are subjected to a 

-"Series of tests which demonstrates a satisfactory level of confidence that 

the systems will indeed perform as required in their respective missions. 

The tests include an operational-type exposure to simulate thermal/altitude 

environment, a light-leak evaluation, and a dynamic measure of the photo-

_ _graphic _performance capabilities. Significant baseline levels and anomalies 

experienced with this system during the pre-flight testing are as follows: 

A. ENVIRONMENTAL TEST 

The CR-4 payload system was subjected to an environmental HIVOS chamber 

test from 27 April through 3 !iiay 1968. Payload performance, from instru

mentation analysis, was satisfactory throughout the 11A11 and "B" missions. 

The test f'ilm consisted of three types of ma.ter:l.al for each camera for 

the purpose of adding further dimension into the corona marking evaluations. 

During the "B" mission the automatic film change detector switched the No, l 

and 2 instrument filters to the alternate filter ea.ch time the alternate 

materi.al was detected. The MCD units operated with no anomalies. Instru

ment 308 contained film types 34o4, 3400 (16oO ft.) and S0-340 (1600 ft.), 

and Instrument 309 contained 34o4J 3401 (1600 ft.) and S0-18o (16oO ft.). 

The primary 3110l-1- f'ilm showed no evidence of corona induced marking 

throughout the test. However, the other four, more sensitive materials 

exhibited a very distinct, repeatable corona marking pressure profile. The 

34oOJ 3401, S0-18o and S0-340 films recorded virtually identical patterns 

'l'OP ~EC'.R'.l!T C 
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of marking, differing only in extent and magnitude in direct proportion 

to their relative emulsion sensitivities. Each of the materials experi-

enced objectionable marking over the full range of pressure (o to 200 x 

10-3 Torr) except for the region approximately 10 to 20 x 10-3 Torr. The 

S0-340 exhibited a relatively minor level of marking in this region also, 

which is suspected to be a result of the combined influences of a very much 

more sensitive emulsion and a much thicker material overall, The very high 

sensitivity of the S0-340 material also revealed minor system light trans

mission characteristics, wh:!ch can be degrading to S0-3~-0 photography, but 

are undetectable with the more conventional films. There are some instances 

of continuous· density streaks along the film (very distinct on the so-34o), 

most probably associated with the take-up puck arm. 

The DISIC terrain camera experienced only minor corona marking through

out the test, Very f'ew fra."'D.es were a:ffected, and density levels were accept

able. 1'he stellar record exhibited random corona markir.cg throughout, with 

approximately 15 to 'tlJ% of the frames af'fected, However, the extent and 

density level of the marking ls very minor and would not destroy the utility 

of stellar imagery. This test appeared to exhibit the least amount of corona 

marking in any DISIC unit to date. 

The high pressure valve in the pressure make-up system (PMU) failed to 

open periodically throughout the portions of the test in which the PMU was 

enabled. The conswnption rate averaged 10.3 lbs./min., which is approximately 

20 percent lower than nominal. Subsequent testing o:f the PMU components at 

various environwental conditions failed to identify the anomaly, and the 

system was accepted for·flight. The apparent anomaly experienced in the 

chamber test is opposite to the performance characteristics evident during 

-10-
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Mission 1101.i- where to fail in closing properly resulting 

in a very high gas consumption rate. (Ref. Section 3) 

Both the Switch and Slope Programmers operated satisfactorily through

out the test. No anomalies were reported. 

The Comm.and System operated satisfactorily except for UNCLE 101 commands. 

l'he time restriction of 3 seconds between cormnanding from Position 11 to 

Position l was not observed, This problem occurred two times in the 11A1
' 

mission and one time in the 11 B11 mission. 

Payload Tape Recorder data was processed and computer outputs analyzed. 

All T/M anomalies, analyzed from Sanborn records, were reverified using tape 

recorder data. 

Temperature profiles indicate that thermal limitations were not exceeded 

at any time during altitude testing. Spec:l.al thermocouples installed on the 

rail of No. 2 instrU111ent were recorded at 5 minute intervals during the 20 

minute operates at Beta +65 and at 70° soak. '!'he instrumentat:i.on indicated 

ins:l.gnificant levels of thermal gradient across the rail and of thermal rise 

during camera operation, 

DJ.ring the switching f'unctions of' KZ-38, KZ-39, Arm, Transfer and 

Electrical Disconnect, T/M indicated no anomalies occurred except f'or the 

11 B11 SRV water seal. DJ.ring "Bu Arm Command, T/M indicated the water seal 

did not close. Post inspection verified the seal did close and, due to a 

stic·ky switch, T/M indication was in error. 

As a result of the corona marking characteristics observed in this 

environmental test, the GR-4 pressure make-up system was modified to provide 

a nominal pressure of 16 x 10-3 Torr during the portion of the noli mission 

,-\IJSP 82eM."f · C 
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in which so-18o film would be used. 

Xil02SJ<1A1 ( l )C 

The standard 50 x 10-3 Torr pressure 

regulation was retained for use with the 3404 film. 

B, RESOLUTION TEST 

Initial resolution ruid theodolite tests were performed on 29 April 

1968. Results of the thru-focus resolution tests of pan instruments 308 and 

309 show the following characteristics: 

Aft-Looking Instrwnent No. 308 

Maximwn high contrast resolution 234 lines/mm at 0.000 

focal position. 

Maximum low contrast resolution 136 lines/mm at +0.001 

focal position. 

Fwd-Looking Instrument No. 309 

Maximum high contrast resolution 248 lines/mm at 0.000 

focal position. 

Ma.xi.mum low contrast resolution 168 lines/mm at 0.000 

focal position. 

Additional Boston investigations of the film dynamics in the CR-4 

camera system (Dr. "A1
' tests) induced an excessive shi:ft in the peak focus 

position f'or Instrument 309. A O .001" shim was removed. and a final resolu

tion run performed on 6 June 1968, demonstrating the following results: 

Aft-Looking Instrument No. 308 

Maximum high contrast resolution 212 lines/mm at 0.000 

focal position. 

Maxi.mum low contrast resolution 141 lines/nun at 0.000 focal 

position. 

Approved for Release: 2020/08/17 C05129997 
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Fwd-Looking Instrument No. 309 

!ll!025JUAJ ( l) C 

Maximum high contrast resolution 254 lines/mm at -0.001 

focal :position. 

Maximum low contrast resolution 172 lines/mm at -0.001 

:foe-al position, 

The final test data f'or both instruments is shown in Figures 2-1 and 

2-2. Both instruments met the system requirements specif'ication. 

WP 3'.ECl'<El' "C 
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C. LIGHT LEAK TEST 

A live film light leak test of the CR-4 system was performed on 

6 June 1968, revealing heavy density marks on the records from both in

struments in the vicinity of the 11A11 SRV capsule cover. These marks were 

similar to forebody leak problems experienced in recent systems. No other 

leaks were detected. 

Extensive testing of the forebody failed to detect any source of light 

fogging. Subsequent examination of the fairing revealed an apparent leak 

at a teardrop fitting near the forebody interface. The leak was plugged 

and verified by photomultiplier light search. For lack of supporting evi

dence to the contrary, it was assumed that this apparent leak was the cause 

of the marking in the live film test. The flight results indicate that 

__ there was indeed a forebody leak that escaped detection (ref. Section 4). 

Testing procedures have been implemented to reduce the possibility of flying 

a system with a potential light-leaking forebod.y on :future missions. 

D. FLIGHT LOADING AND CERTIFICATION 

Loading of flight :fj_)_m was accomplished on 29 July_ 1968, and final pre

flight acceptance tests performed l August 1968. All functions were normal, 

with no indications of light leaks (using photomult1.plier sensing techniques) 

or other sources of performance degradation. 
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SECTION 3 

FL!Gfll' OPERATIONS 

Lift-off occurred at 1436:55 PDI' (system time 77814.70) on 7 August 1968 

from the SLC-3, West launch pad. All launch, ascent, and injection events 

occurred as programmed. The orbit achieved was within the predj_cted 3 Sigma 

dispersions. 

Both Panoramic cameras operated satisfactorily throughout the flight. 

Average cycle periods for both cameras were within 1% of the pre-flight cali

brations. 

Telemetry monitors :l.ndica.ted the DISIC system operated normally through-

out the flight. 

The clock and A/P command systems operated satisfactorily throughout 

the flight. 

The :F'.MC progra.,nner and exposure control progrannner operated satisfac

torily throughout the flight. 

A malfunction of the PMU high pressure regulator resulted in excess 

consumption and the PMU was disabled from Rev. 124 to Rev. 200. 

Ascent vibrations appeared normal and were within qualification levels. 

The thermal enviro:mnent of the Panoramic cameras was within 11redicted toler

ances and ranged from an average high of T5°F for the -1 mission to an 

average low of 56°F for the -2 mission. The No, 1 DISIC temperature sensor 

was biased by an approximate +27 degrees throughout the flight, 

KIK-ZORRO 38 (Panoramic camera take-up switchover) was commanded during 

Rev. 103, Cut, wrap, and transfer ~ram the -1 to the -2 recovery system 

-1~{- WAAC L~,;i;:;cA"1, .. 'J t,t'. 
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occurred normally. However, the No, 2 j_nstrument did not stow; this problem 

is presented in detail in Paragraph B, below. 

RIK-ZORRO 39 {DISIC camera take-up switchover) was co:mrnanded during 

Rev. 104. Cut, splice, and transfer to the -2 recovery system occurred 

normally. 

Both recovery systems were successfully recovered by air-catch with 

all events occurring as programmed. The impact point was within predicted 

limits for both systems. 

Eleven (11) drag make-up rockets were utilized du.ring the active 

portion of the flight. Three (3) rockets were f'ired during the -1 m:l.ssion 

~or period recovery and seven (7) rockets were fired during the -2 mission. 

The eleventh rocket was fired af'ter the second recovery. Rocket number 12 

was not fired. The following is a summary of DMU rocket performance: 

DMU ROCKET PERFORMANCE 

DMU Rev. No. Velocity Change (FPS) Period Cha."lge 

1 46 14.8 9.2 
2 69 15.3 9.6 

3 99 15.0 9.3 
4 11'/ 17.2 10.7 

5 139 16.2 10.3 
6 150 17.0 10.6 

7 174 17.0 10.6 
8 194 16.6 10.3 

9 211 16.8 10.4 
10 234 17.2 10. 7 
11 244 19.2 12.0 
12 Not used 

Figures 3-1 and 3-2 are plots o~ orbit history and operation 
distribution data. 
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The •l SRV tape recorder system functioned satisfactorily throughout 

the mission. The -2 tape recorder recorded only the first operate af'ter 

.KZ-38; this problem is presented in detail in Paragraph D, below. 

There were no post-mission test requirements for this flight. 

B, PANORAMIC CAMERA PERFORMANCE 

Both Panoramic cameras operated normally thro1J8hdut the flight. Camera 

system dynamic operation, 99/101 percent clutch operation, start-up, and trans

port functions were normal for al.l passes indicated by available telemetry 

data. Telemetry analysis indicated the Slave camera lens failed to stow on 

three(3) operations during the flight. However, the failure to stow on the 

KZ-38 operation was the only instance which produced detrimental effects on 

the film. 

Instrument vibrations repeated the pattern recorded in Mission 1103. 

The greatest disturbance was age.in caused by the clamping and capping shutter 

functions. The A.O. solenoid firing was noticeable, but not prominent. 

The average vibration level during scan was 0.1 g at S00-1000 cps. 

Maximum "g" values during the scan portion of a typical instrument cycle were 

as follows: 

Peak g's 

A.O. els.mp 

Capping shutter open 

A.O. solenoid actuate 

A.O. solenoid release 

Capping shutter closed 

A.O. unclamp 

X-Axis 

0.33 (peak) 

0.33 (peak) 

0.16 

0.28 

~ C 

-21-
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0.33 (peak) 
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(lij 
Power Spectral Density { D) plots of the instrument vibration tI"..rou,gh 

the scan area of instrument rotation produced the following peak "g' s 11 at 

the ind.icated frequencies: 

AXES (g's) 

X y z 
Freq. (cps) Mono Stereo Mono Stereo Mono Stereo 

395 .0037 

475 .0135 

520 .0134 

56o .026 

58o .0185 .0076 

645 .0048 

78o .0173 ,021 

795 .01.36 .0187 .0129 

Boo .00324 

935 .017 .0044 

960 .0261 

985 .0167 .0123 .0063 

1050 .013 

1055 .0097 .013 

The general resonance build-ups occurred between 500 and 1100 cps. 

These values are well below the levels that would induce detectable degra

dation to the photographic quality o.f current systems. 

The mission film supply was exhausted with the exception of the stellar 

film, whkh was in excess of flight programming. 

~ C 

-22-
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Film Consu.,•n.r~tion - Cycles 

Pan 308 

Sample Of'f'-Spooling 16 

Pre-Launch 109 

-1 Mission 2989 

-2 Mission 3056 
= 

Total 6170 

FMC Match 

Pan 309 

13 

109 

2978 

2962 
= 
6062 

Stellar Terrain 

72 43 

104 120 

2127 2134 

2588 2465 
= = 
4927 4762 

A satisfactory ramp to orbit match was maintained throughout the 

entire missionJ 90% photography being exposed at less than 1.25% error. 

The V/h match performance is statistically summarized in Figures 3-3 

through 3-6. 
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DISIC PERFORMANCE 

Telemetry monitors indicated the DISIC system operated normally through~ 

out the flight, Cut, splice, and transfer to second recovery system was 

initiated by KZ-39 during Rev, 104. All events occurred as programmed and 

were satisfactory. 

The DISIC shutter-speed change mechan1sm (1/250 second exposure control) 

and the T2 timer function were disabled prior to flight, 

D. INSTRUMENTATION AND COMMAND SYSTEM PERFOIU-!ANCE 

The instrumentation system operated satisfactorily throughout the f'light, 

Several tracking stations reported loss of sync of Link 2, Channels 15 and 16 

with periodic commutator repetitive rates of 330-350 pulses per second.. The 

normal rate of the 6:) pin commutator is 300 pps or 5 RPM, This anomaly was 

first noted during pad checkout and correct1ve action was not considered 

necessary. 

The payload command system operated satisfactorily throughout the flight. 

~~e UNCLE command system was utilized as the primary command link. 

E. EXPOSURE CONTROL SYSTEM PERFORt-!ANCE 

The exposure control system functioned satisfactorily throughout the 

flight. There was no indication of a recurring malfunction of the exposure 

program~er relay K4 as experienced during Mission 1103. 

F. CLOCK SYSTEM PERFORMANCE 

The clock system operated normally th:r-oughout the flight. Satisfactory 

correlation between clock time and system time was obtained. However, a. 

higher than normal drift rate was noticed throughout the flight. Correlation 

equations are as follows: 

~ C 

-28-

Approved for Release: 2020/08/17 C05129997 



Approved for Release: 2020/08/17 C05129997 
C 

ltiW2 5XlA4 l .._ i _, 

First Order Fit 

System time= A
0 

+·A
1 

(clock time) 

where 

IIR02Sl<1Al (I) c 

~ = -93019.53281 A1 = 0.9999996815 

Sigma = 0.00281 

Second Order Fit 

System time= A
0 

+ A
1 

(clock time) + A2 {clock time)
2 

where 

A
0 

= -93019.54308 A1 = 0.9999997127 A2 = 0.1881024688939 D-13 

Sigma= 0.00157 

G. lfill3SURE MAKE-UP SYSTEM PERFORMANCE 

The Pressure Make-Up System did not function properly. The maliunction 

o:f the system was :first noticed during Rev. 32 when pressure dropped 310 psi 

in 3.5 minutes of instrument operate time (90 psi/min,). 

The observed abnormalities associated with the PMU system were: 

1. Stabilized pressures of 56 microns, 69 microns, and greater than 

100 microns were observed during some operates, even when the lower 

ra.J1ge (16 micron) control was supposed to be in effect. Refer to 

}'igure 3-7. 

2. SuppJ_y pressure dropped l6o psi and 575 psi on two (2) operates 

and 100 to 150 psi per operate on several other instrument operates. 

Refer to Figure 3-9, 

3. Pressure buildup, on occasion, exceeded 100 microns {gage limit) 

within 2 seconds. Refer to Figure 3-8. 

4. Internal pressure fluctuated during instrument operation. During 

one such operate the pressure went to 66 microns, decreased to 62 

microns, then increased to 70 microns at the 11 0F'F11 command, 

'llOP qp~c 
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The problem was afllR5Xt:»h~@ faulty high pressure regulator. The 

PMU was disabled during Rev, 124, after 130 minutes of operate-time, with 

a pressure of 350 psi remaining. The system was re-enabled during Rev. 200 

and remained on for the balance of the f'light, with th.e exception of Rev. -211. 

The supply pressure remaining at the end oI the mission was 200 psi, Refer 

to Figure 3-9- The system apparently did not perform as desired for the 

S0-18o film employed in Instrument 309 at the end of Mission 1104-2. This 

condition was evidenced by the predominance of corona discharge marking re

corded on this special material. 

H. THERVAL ENVIRONMENT 

The camera system temperatures were within pre-flight predictions. DISIC 

temperatures f'ell sltghtly below predlctions during the -2 mission. The No. l 

DISIC temperature sensor indicated 20-30 degrees higher than the No. 2 sensor. 

Because of the close physical proximity of the two sensors and vendor cali-

bration data, it is believed the No. 1 sensor was damaged during installation 

and/or testing. Temperature versus Beta Angle shi.ft is graphically presented 

in Figures 3-10 to 3-12. 

Thermal data obtained from the Agena tape recorder were analyzed to 

prmride an estimate of Panoramic camera rail temperatures during any camera 

operation. The temperature data presented in Figures 3-13 and 3-14 were ob

tained at :five (5) minute interval_s during selected revs and is plotted 

versus vehicle orbital position (quadrant-lat:i.tude). The rail temperatures 

for· any camera operation can be interpolated frOm these figures. 

The rail temperatures recorded during this ~light were on the average 

slightly (2-5 degrees) higher than those observed during Mission 1103. The 

accuracy of' any absolute temperature value is estimated. at~ 5"'F, and the 

accuracy of a temperature change on a sensor is estimated at + 1l"F. 
- c 
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The re-entry capsules were recovered by air-catch du.ring Revs. 115 and 

244. Rev. 115 occurred on 14 August and Rev. 244 on 22 August 1968. All 

re-entry events occurred as programmed and within tolerance. A sequence of 

events and event ti.mes are presented in Table VII. Predicted versus actual 

impact points are as follows: 

-1 Mission 

Predicted Impact 

Actual Impact 

25° 32, 7'N 

25° 47' N 

J. SRV TAPE RECORDER PERFORMANCE 

162°23.2•w 

162°28•w 

-2 Mission 

18° 42' !I 156° 27 'W 

The -1 SRV Tape Recorder System f'unctioned satisfactorily throughout the 

-1 mission. 

The -2 SRV Tape Recorder System failed to record after the first two 

operations of the -2 mission. 1'he recorded data indicated proper tape re

corder operation with normal start-up an.d shutdown. Post recovery testing 

failed to indicate the cause of the in-flight failure. However, it appears 

the tape record.er itself did not f'ail, but the failure occurred in either the 

peripheral power or control systems, The prime failure mode is a defective 

three (3) amp fuse located in the operate circuitry within the transfer box. 

K. POST MISSION TEST RESULTS 

There was no requirement for a post-mission test plan. The 11 Hn Timer 

tape depleted during Rev. 245. The vehicle re-entered during Rev. 312 on 

the 27th of' August 1968. 

I,. RADIATION OOSAGE 

Ea.ch recovery system flown on a Corona mission contains a sealed packet 

of F..astman Type 3401 and Royal X Pan emulsions to determtne the total radiation 

!!'OP SEORE'i'- C 

-39-

Approved for Release: 2020/08/17 C05129997 



- illG!' S.:etlE'r 
Approved for Release: 2020/08/17 C05129997 

-,ELLE 

NR025XlA4(ljC 

received at the take-up cassette. Both film types have been irradiated by 

LM3C at various levels and the base plus fog densities recorded after con

trolled processing. 

Following recovery the film dosi.meter packets are removed at A/P and 

processed with a pre-flight sample of the same film type and sensitometric 

control film, The resulting base plus fog dens:l..ty measurement of the dosi

meter strips is used to ascertain the total radiation level. The table below 

presents the base plus fog readings for the dosimeter strips and the radia

tion level equ;_valents. 

Emulsion 

Type 34o1 

Royal X Pan 

Mission 1104-1 

B + F 
Densit;y 

0.16 

0.23 

Radiation 

0.4 R 

0.4 R 

Mission 1104-2 

B + F 
Densit;y: 

0.19 

0.26 

Radiation 

o.6 R 

Q.5 R 

These levels are below that which will degrade the photography. 

M. YAW P"rlOGRAMMER 

The vehicle Yaw PrograJnming :functioned properly throughout the mission. 

However, there is an unresolved, minor disparity between the yaw angles 

achieved s.nd those required, Efforts are continuing in an attempt to isolate 

the source of this error and to perfect the ye.w programming peri'ormance in 

subsequent missions. 
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PHO'J'OGRAPHIC PERFORMANCE 

The photographic imagery obtained during Missions 1104-1 and J.104-2 

was considered to be the best of any Corona system to date. The overall 

image quality was judged to be generally very good where not degraded by 

atmospheric attenuation; however, there was a predominance of cloud cover 

over the highest priority targets~ 

A. PANORAMIC INSTRUMEN'IS 

The Forward-Looking camera produced 2946 frames (7942 feet) of photo

graphy during Mission 1104-1, and 2969 frames (7815 feet) during Mission 

1104~2. The Aft-Looking camera rxoduced 2984 frames (7968 feet) during 

Missioh 1104-l, and 3063 frames (8o62 feet) du:ring Mission J.104-2, The 

Forwa..rd-Looki:ng carr,era used, for the first time, a third generation lens, 

and resulted in slightly better image quality than that obtained by the 

Aft-Looking camera. The mission was given an MIP rating of 115. 

Several fixed and mobile resolution targets were recorded throughout 

Missions 11.04-1 and 1104-2. The best system resolution performance was 

jud.ged to be f'ive feet for the Forward-Looking ca'llera and approximately six 

feet for the Aft. 

A malfunction of the starboard horizon camera shutter on the Forward

Looking camera caused it to remain open during the film metering cycle on 

one occasion during Mission llOl+-1 and once during 1104-2. The result was 

heavy f'ogging in two frames for each occurrence of the anomaly. This is the 

normal mode of failure for this device, Le., to fail open for one horizon 

camera shutter·cycle (equal to two main instrument cycles) and thence to 

~c 
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close on the next H.O. shutter command. 

NP.C2 E;KA.ii>.11 ll~ ... 
No further action was undertaken. 

Fog patterns were present on the seventh from last frame of the Forward

Looking camera and on the sixth from last frame on the Aft-Looking camera for 

most operations throughout the 1104-1 mission, attributed to a light leak in 

the vicinity of the 1104-1 recovery system cover, The patterns varied in 

density from light to ver:f heavy, commensurate with camera sit periods, and in 

some instances obscured imagery. This leak was observed in pre-flight live 

film testing, but subsequent attempts to identify the source were unsuccess

f'ul (ref, Section 2). A second light leak became noticeable intermittently 

during Mission 1104-2, apparently emanating from an access cover fitting in 

the center of the w.ain barrel structure, 

On the take-up end of the first frame on both cameras, a small (one inch 

square, maximum) start-up corona mark was occasionally detected. In all cases 

the marking was very minor with no loss of imagery. An entirely new pattern, 

which on the O.N. looks 1.ike pencil marks that on occasion separate or fork, 

was observed on Pass Dl69 starting with Frame 24 and stopping prior to the 

last two frames. The marking did not degrade imagery. Further investigation 

at A/F demonstrated this phenomenon to be a result of the 11 air twists., in 

the ceu:nera :film path and is very sensitive to film tension and system pressure. 

The ultra thin base materials are much more susceptible to this marking behavior. 

B. DIS IC CAMERA 

The DISJC :film recovered from the 1101+-l mission consisted of 625 feet 

of stellar photography ( 2118 starboard frames and 2113 port), and 9!+7 feet of 

terrain ( 2122 frames). The 1104-2 mission contained 691 feet of stellar film 

{2581 starboard frames and 2588 port), and 1035 feet of terrain (2465 frames). 

~c 
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The stellar cameras functioned properly throughout the mission and recorded 

a full field of stars on both the port and starboard cameras, Most starboard 

frames have greater than 100 star images; most port frames contain ·more than 

70 star images. Stars are recorded as point images. The terrain camera image 

quality is good and compares favorably with Mission 1103 terrain imagery. 

ln addition to common, minor anomalies such as skew-bead marks, dendritic 

edge static marks and dirt particles, there was a light leak apparently emana

ting from the 11 patio-pin" hole which created a fog pattern on the stellar 

record varying in dens:tty from light to very heavy, commensurate with camera 

sit periods, In some instances stellar imagery was obscured. A specific 

check-out of the 11 patio-pini: hole sealing has been added to written field 

test procedures to eliminate this source of degradation in future systems. 

The terrain SLP data varied in density from normal to non-existent. 

Redundant data provided on the stellar record were machine readable throughout 

the mission. Since terrain data are redundant to stellar data, no stellar

terrain set is missing time data. This behavior resulted from intermittent 

and improper seating of the SLP head during exposure, most likely caused by 

a variation in SLP cable position. Improved SLP cable tie-downs and field 

check procedures a.re being investigated. The DISIC SLP data recording func

tioned properly throughout pre-flight testing. 

C. ENGINEERING OBSERVATIONS 

1. Bicolor: Mission 1104 ac4uired a very limited amount of bicolor 

photography (4 domestic passes, 1 denied area pass). The photointer

preters reported that, 11 the a:ft camera imagery, exposed through the SF-05 

filter is poor 11
• The image qual:l.ty is poor because of' the use of a poor 

quality filter and is not inherent in the bicolor process. Bicolor (SF-05) 
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photography has been acquired on Missions 1102, 1103 and 1104. Mission 

1102, employing a high quality filter produced imagery which has been 

comparable with normal J-1 performance. With good SF-05 filters, this 

is the kind of perfor:mance that can be expected from the bicolor mode. 

The following po:i.nts should be made relative to the SF-05 filter used 

on Mission 1104. 

(a) This filter was flown because it was the only SF-05 available 

at the time. It was determined just prior to launch that the filter 

was poor. For this reason, only minimal bicolor was recommended, 

particularly over denied areas; only one operational bi color pass 

(Rev. 7) was taken. 

(b) Pre-flight tests had indicated that the SF-05 had a loss in 

resolution o~ approximately 30 percent as compared to previously 

used filters. This was the major problem with the filter on 1104. 

(c) The spectral band pass of this filter was not as it should have 

been, In particular, the long wavelength cut-off was 5SO millimi

crons instead of 610 millimicrons. This has three effects. First, 

it caused the filter factor to be increased from 2.8 to 3.0. This 

itself is not a significant problem. Secondly, it caused a reduction 

in contrast by elim:i.nating the 590- 610 millim.icron region. This also 

is only a minor contributor to quality degradation. Thirdly, and 

more important, the shi~t in the filter's band pass toward the shorter 

wavelengths caused an additional loss in resolution due to poorer lens 

performance in that spectral region. 

Action has been taken to procure additional SF-05 filters. ~'hese 

filters will be extensively tested for optical quality and spectral 

~c 
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transmission prior to inclusion in the system. In the future, 

only high quality SF-05 filters will be employed. 

2. S0-18o Engineering Test: This mission contained &Jo feet of type 

SQ-llj(), Ektachrome infrared aero color film, on the end of the forward 

camera. This test was run as part of the J-3 system capability studies 

and had the prime purpose of investigating tbe capability of the Corona 

system to handle type S0-18o film. Portions of the S0-18o film exhibited 

excellent exposure, color balance and resolution compatible with the 

ma:x:imwn that could be achieved with this film/camera combination. (The 

limiting performance factor was the recognized lower resolution capa

bility of type so-1eo film compared to 3404.) When the weather condi

tions were favorable, and there were no degrading effects (i,e., static 

marking). It was estimated that the ground resolved distance of film 

type S0-18o was approximately 25 feet. It has been reported previously 

that significant portions of the test were degraded by electrostatic dis

charge which recorded. a~ a red image on film type so-18o. There wa.s a 

second anomaly that caused a heavy bluish/ green cast on film type S0-18:l 

over the entire format on the first ~ew frames of each operation. The 

corona discharge degradations can be attributed directly to the failure 

of the pressure make-up unit (PMU) (ref. Section 3). 

(a) Static Marking: Some of the imagery contains corona and elec

trostatic fog which appears red on film type S0-18o, This condition 

varies from no marking to extremely severe marking. This condition 

occurs on those operations when the PMU provided system pressures 

other than the desired 10 to 20 x 10-3 Torr range. 

"TOP 61.:.Crtff C 
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Ordinarily red imagery on the material is the result Of expo-

sure to subjects that have a high near-infrared reflectivity. This 

is not necessarily the case with the red corona static marks. All 

three emulsion layers of S0-18o are also sensitive to blue light. 

The infrared sensitive layer is, however, of a higher sensitivity 

than the remaining two layers in the blue spectral region. Corona 

static is bluish/green in color and therefore fogs the IR layer be

fore the other two and results in the red color. The photography 

is acquired through a yellow Wratten No. 15 filter which effectively 

eliminates this sensitivity in the normal exposure mode. The film 

itself though, has no protection f'rom the blue 1:1.ght created within 

the camera system, which causes the red ~ogging. 

(b) Effect of Sit Time: As discussed earlier, the first three and 

one-half' frames of each operation had a noticeable bluish/ green cast 

to the imagery. This effect was directly relatable to the sit time 

between camera operations. Thlring very long sit periods, the blue/ 

green cast became heavy and during short sit periods it if. not as 

severe. The blue/green cast was due to a loss in infrared layer 

eensitiv:Lty during these sit periods. It is likely that the loss of 

moisture, from the IR layer during the sit period, caused a loss in 

photographic speed. Further analys:Ls of this phenomenon is being 

pursued, 

3, Third Generation Lenses: The performa."'lce summary reported that the 

forward looking camera imagery was superior to that of the af't looking 

and that this is directly attributable to the use of a third generation 
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the forward unit. The third generation lens was de-

signed specifically to be used with the Wratten 25 (Vice Wratten 21) 

filter. This provides an improvement in performance for the third gen

eration lens of approximately 20 percent (2:1 low contrast resolution 

under dynamic conditions) over the second generation lenses. In the 
. 

:future all CR systems will have a third generation lens in the forward 

camera, with Units CR-10, 13 and up having third generation lenses in 

both cameras. It should be noted that the improved design of the third 

generation lens also provides improved performance (compared with second 

generation lenses) with the Wratten 21 filter. 

4. Dual Gamma Processing: The type 3404 film in both 1104-1 and 1104-2 

was processed using the dual gamma process~ This was the first mission 

where the entire black and. white film load of the main camera was pro

cessed with this technique. It is felt that the ad.vantages of this pro

cess contributed to the general good quality of the photographic imagery. 

5. Cross-~Tack Smear: The level of performance of the forward looking 

lens (third generation) was sufficiently high to occasionally enable 

detection of cross-track smear in the imagery. The most obvious insta.~ce 

being the CORN display on Pass Dl6 where ground resolution was five feet 

along track and eight feet across track. In many operations the ai't 

camera performance was also sufficient to identify cross-track smear 

contributions, In such instances, it was observed that the cross-track 

, smear recorded in the a.ft photography was less than that in the forward. 

This relationship is directly related to the shorter exposure time of the 

aft camera. This is a graphic example of the desirability to reduce 

cross-track smear by reductions in exposure time through use of more 
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sensitive films. The theoretical smear contributions presented in 

Section 8 correlate directly with these observations. 

It should also be pointed out that the yaw 8.llgle error experienced 

in this mission (ref. Section 7) provided a contribution to the observed 

smear. This cause or image smear contribution will be eliminated as the 

ideal yaw performance is achieved. 

D. PERFORMANCE MEASUREMENTS 

A summary of MTF/AIM resolution values measured by SPPF is tabulated be

low. The microdensitometer slit used was l micron by 8J microns. 

Ground 

Mission Camera Cycles/mm Avg Resolution 

ua4-1 Fwd 118 
114 7½ 1 

1104-2 Fwd 109 

1104-1 Aft 88 
96 9' 

1104-2 Aft 103 

The details of the measurement and computing techniques, targets 

measw-ed and target locations are fully reported in the evaluation report 

published by AFSPPF and are not included in this report. These values 

were determined by using the "Interim MTF/AIM Program" technique. 
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SECTION 5 

PANORAMIC CAMERA EXPOSURE 

The forward-looking camera contained a Wratten 25 filter for use with 

34o4 film, plus a special Wratten 15 filter, modified in density for proper 

exposure with S0-18o film. The corresponding exposure control system pro

vided slit widths of 0.199~, 0.232-, and 0.298-inch. The aft-looking camera 

utilized a Wratten 21 filter in the primary position, and an SF-05 filter as 

an alternate for the purpose of bispectral photography. The aft camera ex

posure control slits were 0,151-, 0.163-, o.205-, and 0.256-inch. 

The nominal exposure times of the Panoramic cameras are shown as a func

tion of' latitude for passes D-4o, D-120, and D-200 in Figures 5-1 to 5-6. 

Superimposed on these plots are relative distributions of camera operations 

for the portion of the mission represented by each plot. 

Because of combined tolerances in the slit control mechanism and in the 

manufacture of' the cam, the actual slits achieved represented noticeable devia

tions from the desired profiles. The significance of these deviations is 

apparent from the exposure curves. Instrument 309 experienced an exposure 

history very close to the desired nominal, whereas Instrument 308 created a 

relative slight overexposure, The density data presented in Section 6 verifies 

that this, indeed, was the performance achieved. It sho~d be pointed out that 

the desired exposure profile, based. on Project Sun..11.y recommendations, was to 

maintain average exposure levels approximately 1/4 to 1/3 stop less than that 

:i.ndicated for the nominal diffuse density based criteria. This latter criteria. 

is the curve shown i.n Figures 5-1 to 5-6. 
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SECTION 6 
llR02SlUM ( I JO 

DENSITY MEASUREMEllrS 

Mission ll04 was the first flight in which the viscous, single level, 

dual ga:m:ma processing was employed on an operational basis. Coincident with 

this, the processing agency discontinued reporting of terrain dif'fuse densi

ties, and instituted a procedure for systematic reporting of select target 

microdensitometer readings. The AFSPP.F' will continue to compile terrain dif

fuse density measurements, which will be summarized in these final reports~ 

The dH'ferences between the previously used full processing character

j_stics and the new dual gamma process is graphically depicted in Figure 6-1. 

The lowered levels of D values for terrain and cloud densities resulting 
max 

from these differences is evident from the frequency distributions presented 

in Figures 6-3 through 6-14, 

As illustrated in Section 5, the actual exposure achieved was very close 

to the nominal desired criteria used for Mission 1104. A sample of f'ourteen 

microdensitometer measurements of specific targets indicated that the exposure 

performance was well controlled at proper levels. The target density analysis 

may be s1..U11~arized as follows: 

* * Target Target Target ReCOll"lllended 

Dmin D D L:,Ev max nom 
Forward-Looking Camera 

1 0,32 1.26 0.83 0 

2 0,44 1,23 0,87 0 

3 0.76 1.65 1.03 -1/3 

4 o. 55 1.46 0.83 0 

5 0,30 1,65 0,72 0 

6 O, 30 l.73 0,74 0 

7 o.44 1.42 0,82 0 

-'l'OP S~Q:ll.::r .. C 
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* • 
!IR02SlUA4(t)O T~get Target Target Recommended 

D Dnom L',Ev min max 

Aft-Looking Camera 

1 o.46 i.46 1.17 -2/3 

2 0.70 1.26 1.18 -2/3 

3 0.92 1.69 1.25 -1 

4 0.57 1.45 0.81 0 

5 o.4o 1,69 0.65 0 

6 0.37 1.57 0.67 0 

7 o.68 1.49 0.99 -1/3 

* The "nominal'1 target densities and exposure reconnnendations are 

subjective values :provided by the processing agency, and do not 

necessarily represent the consensus of the community. 

The tendency for the aft-looking camera to be over-exposed is readily 

apparent from examination of the exposure profiles in Section 5. The short

comings imposed by the mechanical tolerances experienced in the manufacture 

and operation of the slit control mechanisms significantly contributed to 

the observed deviations. Additional lead time has been incorporated into 

the ordering of flight exposure control earns so as to better assure perform

ance tn keeping with the design criteria. 

The terrain density measurements summarized in Table 6-1 and in Figures 

6-3 through 6-14 also illustrate the expected results of the exposure profile 

dif'-ferences, as well as providing an example of' the disparity between terrain

density based criteria and Project Sunny type perf'ormance results. 

The curves illustrated in Ftgure 6-2 describe an apparent disparity in 

the dual-gamma process which has yet to be resolved. Comparison of these 

curves with those in Figure 6-1 indicates that the mission materia1. indeed 

_c:;7_ 
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~(Ij,: 
NR025Xlll( 1)0 

exhibited sensitometric properties very close to the control standard; how

ever, the R-2 samples show significant deviations, with the fog level being 

much closer to the conventional full process than the higher dual-gamma 

standard. It is anticipated that these undesirable performance and control 

characteristics will be corrected as the operational application of this 

new process is f'urther developed. 

·:::::iji7jp: Sffi :a e:i.' 
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TABLE 6-1 

TERRAIN D!HlITY AllALYSIS OF_ EICPOSY!l]!: 

Sample 
Size 

281 

305 

247 

291 

Percent Underexposed 
(Di ('.0.4) mn 

53 

15 

48 

20 

Correct 
Exposure 

40 

73 

47 

73 

Percent Ov"erexpoaed 
(D . 

min > 0,2.) 
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SEf:rION 7 

VEHICLE ATJ'ITUDE 

The vehicle attitude errors for both Mission 1104-1 and 1104-2 were 

derived from the reduction of the Stellar camera photography. This attitude 

data is supplied to A/P by NPIC. 

The attitude errors for each frame and the attitude control rates are 

calculated at the A/P computer facility. The computer also plots the fre

quency distribution of the rates and errors. These plots are no longer in

cluded as a part of this report, Out are maintained at A/P and are available 

for reference as desired. 

The sunnnary table below lists the maximum attitude errors and rates 

that were experienced during 90 percent of the forward camera photographic 

operations, excluding the first six frames of each operation; and the total 

range of the errors and rates. 

Mission 1104-1 Mission 1104-2 

Value ~ Range ~ Range --
Pitch Error(<>) 0.33 -o.6o to + 0.20 0,24 -0,50 to + 0.24 

Roll Error (0
) 0.21 -o.40 to + 0.13 0.18 -0,31 to + 0.25 

Yaw Error ( 0
) 0,83 o.o to + 1.15 0.75 o.o to + o.84 

Pitch Rate ( 0 /hr,) 23.93 -50 to +:)) 21.61 -70 to + :)) 

Roll Rate ( 0 /hr,) 23.38 -60 to + 75 23.85 -50 to +-65 

Yaw Rate (
0 /hr.) 33.37 -Bo to + 8o 30.h3 -Bo to + 6o 

The yaw angle error represents the difference between the actual 

vehicle yaw attitude and the ideal yaw angle that would provide correct 

ground image motion. A graphic description of the actual and ideal yaw 

- :CGP- SBe!l!l'!'- C 

-74-
Approved for Release: 2020/08/17 C05129997 



Approved for Release 

C 

"110,2~.l,\ 

angles (Figure 7-1) indicates t~1J6lthe cause of the significant yaw error 

is a disparity in the phasing of the yaw programmer. New methods are 

being developed to command the complex control relationships in such a 

way as to better achieve the desired performance, The effects of this 

mismatch on image quality are discussed in Section 4. 
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Nil025JUA4(I )C 

SECTION 8 

IMAGE SMEAR ANALYSIS 

The frame correlation tape supplied to A/P by NPIC contains the 

binary time word of' each frame of photography~ A computer program has 

been assembled at A./P which calculates the exposure time of' each :frame 

and compares the camera cycle rate with the ephemeris to calculate the 

V/h mismatch (Section 3), which is then combined with the vehicle atti

tude error and rate values of each frame and the crab error caused by 

earth rotation at the latitude of each f'ra.me. The program outputs the 

net IMC error and the total along track and cross track limit of' ground 

resolution that can be acquired by a camera regardless of focal length 

and system capabilities. 

The computer rejects the first three frames of all operations as 

the large V/h error induced by camera start-up is not representative of 

the overall system operations. The computer plotted frequency distribu

tions of IMC errors and resolution limits are no longer included in this 

report, but are maintained at A/P for reference, as desired. 

The s1.l.l'!lmary table 8-1 presents the maximum IMC errors and resolution 

limits that existed during 90% of the photographic operations and the 

total range of' values durl.ng all operations that were computed. 

The somewhat high values of the cross track limits reflect the con

tribution of an imperfect yaw programming performance as discussed in 

Section 7. The consistent difference in resolution limit values between 

--'£6! SECRE.1' 
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the forward and aft looking instruments ' 

,.sltllll(I)C! 
is in reality an illustration of 

the relative influence of the difference in exposure time when coupled with 

smear contributing V/h and attitude errors~ 
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VALUE !!!!_TS 

IMC Ratio Error % 

Along Track 
Resolution Limit Feet 

Cross Track 
Resolution Limit Feet 

~e:.:a:m,r 

MISSION 1104 

IMC RATIO AND RE30LUTION LIMITS 

MISSIOI! 1104-1 
CAMERA. ~ RANGE 

Fwd 1.30 -2.2 to +2.0 

Aft 1.26 -1.6 to +2.2 

Fwd 1.17 0.2 to 2.4 

Aft 0.89 0.2 to 1.6 

Fwd 1.49 0.2 to 6.2 

Aft 1.03 0.2 to 1.8 

TABLE 8-1 

4l6! 3~~ C 

► ~ 
~ 

0 
< • ~ 
Q 
;o 
• .. • • • 
~ 

MISSION 1104-2 
0 
~ 
0 

~·· RANGE cl 
00 :, 
~ 

1.41 -2.8 to +2.4 () 
0 
~ -1.19 -2.2 to +1.6 ~ 
<D 
<D 
<D 
~ 

1.29 0.2 to 2.5 

0.82 0.2 to 1.6 

1.35 0.2 to 2.6 

0.89 0.2 to 1.3 
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SECTION 9 

NR025X1Al(l)C 

SYSTEM RELIABILITY 

Reliability calculations for the payload a.re based on a sample begin

ning with M-7. Hence both the major part of' the Mural program and the "Jrr 

program are covered in the calculation, Appropriate adjustments have been 

made to reflect the distinctive aspects of the CR systems, e.g., the stellar

index camera has been replaced by the new DISIC system. The sample size for 

the primary mission function is consistent with reliability reporting for 

the vehicle. 

The reliability estimates of this section deal exclusively with the 

payload. Failures to ach:I.eve orbit or vehicle induced f'ailures are thereby 

excluded. Recoveries before a complete mission has been completed are con

sidered as full missions providing that early termination was caused by 

reasons not connected with payload operation. Film quality is not considered 

in the reliability estimate calculation. Hence, only electrical and mechani

cal functioning are considered. 

The reliability estimate is also divided into primary and secondary 

functions. The primary functions are operation of the panoramic C6Jlleras, 

main camera door operation, operation or the payload clock, and recovery 

operations. The secondary mission functions are horizon camera operation 

excluding catastrophic open shutter i'ailure mode, auxiliary data recording, 

and.DISIC camera operation. A summary of' estimated reliability is shown in 

Table 10-3. 

~ C 
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Panoramic Camera Reliability 

Sample Size - 219 opportllllities·to operate 

Two failures - S/I Programmer on System J-19 

Film Transport on System J -42 

Assume - 3000 cycles per camera pex mission. 

Estimated Reliability= 98.~ at 50% conf'idence level 

Main Camera l)Jor Reliability 

Sample Size - 68 vehicles x 2 doors= 136 opportunities to operate 

Estimated Reliability= 99.5% at 50% confidence level 

Payload Command and Control 

Sample Size - 13,490 hours operation in sample 

Two failures 

Estimated Reliability= 96.7% at 50% confidence level 

Payload Clock Reliability 

Sample Size - 13,490 hours operation in sample 

No failures 

Estimated Reliability - 99,1% at 50% confidence level 

Estimated Reliability of Payload Functioning on orbit= 97.0'fo at 

50% confidence level 

Recovery System Reliability 

101 opportunities to recover 

1 failure - improper separation due to water seal - cutter ~ailure 

Estimated Reliability - 98,3% at 50% can:fidence level 

Approved for Release: 2020/08/17 C05129997 



Approved for Release: 2020/08/17 C~ 

C 

D.02.$ltlit,4, {] / IC 

DISIC Camera RG02f5:YD:M$I)C ~l<025l<lA1 ( l I c 

Sample begins with CR-1 (does not include S/I rmits in 1000 

series systems) 

Sample Size= 27,365 cycles 

One failure 

Estimated Reliability~ 74.4 % at 50% confidence level 

Horizon Camera Reliability 

Sample begins with J-5 - 133,000 

Estimated Reliability or Single Camera - 99-2% at 50% 

confidence level 

Estimated Reliability of Four Horizon Cameras at a Parallel 

Redundant System= 99.9% at 50% coni'idence level 

'-- 'POP SECRffll- C 

-82-

Approved for Release: 2020/08/17 C05129997 



Approved for Releas~: 2020/08/17 C05129997 

IIIIOaWM1:t)c: 

SECTION 10 

SUM¥J\RY Il"<TA 

The comparison of the operating parameters and the performance 

achieved by previous missions has been difficult due to the large 

volume of data that results ~ron1 each mission. Some of the pertinent 

characteristics from prior missions have been summarized in Tables 

10-1 through l0-3. 

The summary data was started with Mission 1004 as the J-05 

camera system was the first to incorporate the :major modifications 

of the titanium drum and scan arm, four roller scan head and Corona 

J capabilities. Only those missions that culminated in the recovery 

of some photography have been listed, therefore Missions 1003, 1005 

and 1032 are deleted. 
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