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FOREWORD

This report details the performance of the payload system

during the operational phase of the Progra-Flight Test

Vehicle 1637.

Lockheed Missiles and Space Company has the responsibility
for evaluating payload performance under the Ievel of Effort and

"J" System contracts,

This document is the final payload test and perfomance
evaluation report for Missions 1043-1 and 1043-2 which was launched

on August 7 1967,
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INTRODUCTION

This report presents the final performance evaluation of CORONA Mission
1043, The purpose of this report is to define the performance characteristics
of the JU2 payload system and to evaluate the technical characteristics of the

Mission, including analysis of any inflight anomalies.

The payload system was assembled, tested, and certified for flight at
the Advanced Projects (A/P) facility of ILockheed Missiles and Space Company
(IMsC). A/P also provided flight support, and mission reports to the commun-
ity. The initial evaluation of the recovered film was maae by NPIC personnel
at the processing facility. The full Performance Evaluation Team included
representatives of IMSC, ITEK Corporation, Fastman Kodak Company, and cog-
nizant govermment organizations, The P,E,T. meeting took place at NPIC, Off-
line evaluation, using engineering photography acquired over the United States,

‘was performed at fecilities of individua% contractors.

The quantitative data summarized in this report is obtained from diverse
organizations, The Diffuse Density measurements and MTF/AIM resolution data
are produced by the Air Force Special Projects Production Facility., Vehicle

attitude readings and frame corrclation times are provided by NPIC. The

Processing Summary report is published by—
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These quantitative data are used by A/P computer programs to provide
processed information allowing correlation of operational photograrhic
conditions with image quality. Analyses are made of image smear components
and limiting ground resolution, and also of illumination/exposure,process-

ing components in order to investigate exposure criteria,
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SECTION 1

MISSION SUMMARY

A, MISSION OBJECTIVES

The CORONA/J1 payload JL2 was designed and programmed to acquire and
return search, cartographic, and reconnaissance photograpny of selected areas
of the earth from orbital altitudes. Two seven-day mission segments were
planned, both nominally to return over 5900 panorémic frames of photography, each

covering approxinately 172> scquare nautical miles,

The payload section was a standard J1 configuration consisting of a space
structure containing two panoramic cameras and associated control/support equip-
ment, with separate stellar-index cameras and recovery subsystems for each
mission segment, Figure 1-1 presents an inboard profile of the J42 configura-
tion.

On-orbit support was provided by AGENA satellite vehicie #1637. These
functions included real-time cormznd and telemetry links, electrical power,

stored payload program timer, and attitude stabilizatiou and control,

B, MISSION DESCRIPTION

The peyleoad was launched from Vandenburg Air Force Base at 2142.75 Z on
7 August 1967, on THORAD SLV #510, The booster burned to propellant depletion,
but fziled to attain the required velocity by 254 feet/second. This resulted
in the AGUIA vehicle also bﬁrnin; o prop=llant aepletion, with 39 feet/second

velocily lacking &t the end of burn. Tne resultant orbit was low at perigee,

3
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apogee, and in period; the parameters were outside the anticipated three-
sigma dispersions.
The comparison of planned and actual orbit parameters is tabulated as
followvs:
ORBITAL PARAMITERS

ORBIT PARAMETERS Al'D OAS EFFECTS

Parameter Predicted Actuals
Period (Min.) 90,11 89.62
Apogee (N.M,) 204.5 181.33
Perigee (N.M.) 99.4 95.10
Eccentricity 0.01LT7 0,0121
Inclination (Deg.) 80.00 79.98
Argument of Perigee (Deg.) 163 188

Single OAS rockets were fired on Rev 2, Rev 7, and Rev 19. All tele-
metry monitors and subsequent orbital parameters confirmed successful opera-
tion, The three rockets added velocities of 15.6, 15.2, and 14,4 feet per
second, respectively. The nominal orbital period was achieved after the

ﬁhird OAS firing:
OAS ROCKET PERFORMANCE

Rev 20
Parameter Actuals
Period (N,M,) 90.07
Apogee (N,M,) 197.60
Perigee (N.M.) 102,80
Eccentricity 0.0132
Inclination (Deg.) T9.97
Argument of Perigee (Deg.) 173.07

|
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Tracking and control support was effected by the Air Force Satellite

Control Facility, under central control of the Satellite Test Center at

Sunnyvale, California, Tracking and command stations are located at

Mission segment 10h3—l_ggnsisted of a seven-day operation followed
by alr recovery of the capsui; on 14 August. Mission segment 1043-2
was completed with an air recovery on 22 August, following an eight-day
photographic operation, |
C. PANORAMIC CAMERAS

The forward camera suffered a loss in image quality due to an erratic
scan rate which finally caused complete film pull-out of the rails on Rev 228,
A1l film transport functions ceased on Rev 230,

The aft camera performed satisfactorily throughout the mission and
the image quality of the aft W?terial was good‘gnd consistent throughout.
D. STELLAR-INDEX CAMERAS ¢

The "A" S/I operated satisfactorily, Flare affected approximately
50 percent of each stellar frame.

The "B" s/I Operated normally., Minor fog appeared'intenmittently
throughout the entire mission on the Index camefa.

E. RADIATION DOSAGE
Radiation encountered du;ing the mission was well below the levels

which would degrade the ﬁhotograpny, as indicated by the dosimeter packets,
¥, OTHER SUB-SYSTEMS

F- 3

The clock, instrumentatidﬂ; pressure make-up, command and thermal con-

trol subsystems performed satisfactorily.

p
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MASTER PANORAMIC CAIEPRA

COMPONENT ASSIGIMENT

Component Serial Muuber
Main Camera Serial 200
Main Camera lens 2092435
Input Horizon Camera 286-G6
Input Horizon Camera Iens E12841
Output Horizon Camera 286-G5
Output Horizon Camera Iens E12870
Supply Cassette sc-48
CAMERA DATA AND FLIGHT SETTINGS
Panoramic Camera:
Iens k"t /3.5
Slit Width 0.200 in,
Filter Type Wratten 23A
Film Type Eastman 3404
Horizon Cameras:
Input (Port)  Output (Starboard)
Iens 55 mm £/6.3 55 mm £/6.3
Aperture Setting £/6.3 £/8.0
Exposure Time 1/100 second 1/100 second
Filter Type ' Wratten 25 Wratten 25

—r
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SLAVE PAIJORAMTIC CAVERA

A, COMPONENT ASSIGIMENT

Component Serial Mumber
Main Camera Serial 201
Main Camera lLens 2152435
Input Horizon Camera 20L-G6
Input Horizon Camera Lens E12837
Output Horizon Camera 30L-G5
Output Horizon Camera Iens | E12862
Supply Cassette sc-h8

B, CAMERA DATA AND FLIGHT SETTINGS

Main Camera:

Iens 2Lt /3.5
S1it Width 0.150 in.
Filter Type Wratten 21
Film Type Eastman 3404

Horizon Cameras:

Input(Starboard) Output (Port)

Lens 55 mm £/6.3 55 mm £/6.3
Aperture Setting £/8.0 £/6.3
Exposure Time ~ 1/100 second 1/100 second
Filter Type Wratten 25 Wratten 25

8
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STELLAR- ITNDEX

Component Assignment
Camera, Assembly No.
Index Reseau No,

Stellar Reseau HNo.

Camera Data and Settings

Stellar Camera

Lens Type

Exposure Time

Film Type

Index Camera

Lens Type
Exposure Time
Film Type

Filter Type

CAMERAS

Miscion 1043-1

D/107
135
135

85 mm £/1.8
1l second

Eastman 3401

38 mm £/4.5
1/500 second
Eastman 3400

Wratten 21

‘ﬂ*ﬁ‘iﬁ%ﬁﬂﬁl(bIIIIIIIIIIIIIIIII'
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85 mm £/1.8
2 seconds

Eastman 3401

38 mm £/k4,5 |

1/500 second

Eastman 3400

VWratten 21
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SECTION 2

PRE-FLIGHT SYSTEMS TEST

A. ENVIRONMENTAL TESTING

1. Test Objective

As a standard procedure, the J payload systems are subjected to
thermal/altitude testing, which simulates on-orbit environment. The pur-
pose is to demonstrate proper electrical and mechanical function under
simulated operational conditions. One of the test objectives is to
determine the degree of system susceptabilitly to Corona discharge,
which fogs the film and degrades operational photograrphy.

2., Test Summary

The J-42 altitude environmental test was conducted in the HIVOS
facility from 13 to 19 October 1966, Performance of the payload system
was adequate to demonstrate satisfactory performance, and to define cer-
tain problem areas, Problems evident during the test were individually
remedied without altitude retesting; these include the pan geometry data
recording, "two-pi" corona, cycle rate differences, and miscellaneous
minor anomalies, The general appearance of the film was good.

A total of 109 operations were run during the test, including
4 mono operations for each camera; the Master consumed 4584 frames
(12125 f£t) and the Slave WhTh frames (11835 ft). Iﬁis does Aot include
the pre-HIVOS PG confidence test or the post-HIVOS exposure check,

Chamber pressures ranged as low as 0.7 microns.

10



~FOR-SHCRET

Both panoramic cameras evidenzcd variouz problems concerning

the PG data recording; the lens scuan lineoc and rail hole images on both

had occasioﬁal abnormalities. In general, PG perfofmance vas disappoint-

ing, but the lack of specific acceptance criteria made evaluztion difficult,
Rail hole images appeared gencrally adequate, when scen, the

Master camera being better. The laster dots were initially fairly

light, but diminished in density during the HIVOS test so that detecction

was very difficult by test end. These dots appcared normal during both

the pre-and post-HIVOS tests., This situation is similar to the tests

of J-36 and J-38, where acceptable flight data recording resulted,

The Slave data block-side rail showed a variable history, with up
to 6 images missing and 20 rated as relatively light or faint. The time
trace éide images were generally elongated, The Slave rail lamps blinked
off shortly after each scan start in the pre-chamber test and the first
HIVOS operation because of abraded lamp wiring, This anomaly has not
been noted since the wires were replaced after the test.

The Master lens scan lines were noted missing on 9 frames and
partially missing on 50 others; six operations were affected., The line
near the time trace disappeared into the format edge_2% inches before
scan end, Density and width varied between lines in the HIVOS test;
densities ranged from heavy to unacceptably light. Lines on the pre-
chamber test could not be evaluated because of high background fog level,

those on the post-chamber test appeared much more even.

11
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The Slave lens scan lines werce noted to turn on after scan start on
the first freme of 3 operations, and were noted missing on the lust fraie
of 8 others., A moderate dénsity variation occurred bofh between the lines
within a frame, and occasionally for a single line within a frame. The
lines were frequently relatively faint, especially during the facter
operations. The lines appeared more even in the material from the post-
chamber test.

Startup corona occurred with faint to light density on 10 master opera-
tions, and with medium density on a single Slave operation. Instrumcnt
pressures ranged from 1 to 15 microns, This‘type and frequency of coronza
marking is considered acceptable,

Light to medium density two-pi type marking was found on the master film
early in the "A" test, at internal pressures of 26 to 26 microns., Twenty
frames in five successive operations were marked at 6,3 inch intervals,

In all cases, the affected film was well within the supply cassette at
the start of camera operation, indicating a gradual potentia; buildup on
the metering roller. While two-pi marking is defined as unacceptable,
customer walver was recommenced because of (a) lack of severity of the
marking, and {b) the pressure range at which the marks occurred, being
too high for no PMU augmentation, and too low with BMU for a sustained
flight situation,

The unacceptably slow Slave camera cycle rates were subsequently adjusted,
Based upon P/E frame counts, rate differences up to 9% were noted between
Master and Slave cameras. There is a possible correlation with the appear-

ance of the Slave time trace and lens scan lines (above) which showed

12
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irregular movement of the scan arm during sevcral operations, at start-up
or at slow rates. This irregularity may also be related to the interlock
assemblies, which reguired modification prior to a successful resolution test.

The binary data recording and block area was adequate on both inctru-
ments. All binary bits were observed. The start-of-pass marks, serial
numbers, and indices were present., The index bit near the serial numbers
of both cameras were heavy and blcomed; lamp attenuation was recommended,
Occasional dim serial number, block indices, etc,, were noted on the Slave,
but minor in effect; it is attributed to variation in voltage supplied the
system via HIVOS chamber cabling.

One clock word was missing on the Slave; the block serial number
and indices were present. No action was recommended, for this frequéncy
of occurrence,

The horizon camera data recording was adequate, Slave fiducials were
good; Master fiducials, while usable, were enlarged and not sharp. Both
slave H,0,'s exhibit characteristic minor pressure marks.

The 200 PPS time trace was adequate on both cameras. Extra non-
periodic time pips were fregquently noted near the center-of-format switch
closures and occasionally by the blanking pulses. An extra pip occurred
in the Slave biank pulse during the pre-HIVOS test. These anomalies were
acceptable, in that it was unlikely that they would cause problems in
timing the slit position during post flight analysis.

Very light rail scratches and edge marks were encountered on film
from both cameras, The characteristic scan head roller scratches appear

at scan start, near the data block, and near the blank pulse. There were

13
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relatively few discharge marks, The ilm gencrally appeared very clean,
excepting frequent heavy multiple scraiches on the Master, in particuluar,
which were caused by the film processor. These scratéhcs made it Géiffi-
xult to detect any marks made by the camera during the tests, Film
retrieval cauced much less marking than normal.

There were no Stellar/Index cameras installed for this test. The -3
Programmer functioned properly.

Clock accuracy was satisfactory with a total offset of .072 seconds
in five (5) days when compared to IRIG C.

The Pressure Make-Up system opcrated norpally., Aversge gas consump-
tion was T.2 PSIA per minute of operate. Internel pressure ircreased to
45 microns during BU operates.

The Commerd System operated properly with the exception of <the
off command brush for one prograr., It dié not function the firsit time it
was given. However, the second atiempt wac successful, This problenm was
traced to a defective Brush 47 switch in the test control console,

Transfer from A to B was accomplished by ¥2-38 and all transfer functions
occurred normally,

th recovery sequence of events occurred pronerly,
The 0,S,F.G, opsraticn wzc satisfacltory during the test. One coumplete

0,5,F.G., operation period was run in each of the A and B modes cof the test.

B. RESOLUTIOIN TESTS

Resolution and Theodolite testing was performed on 1 November 1966
and 23 November 1966 respectively. Evaluation of the low contrast resolu-
tion data of the first test indicated the sliave camera (o, 201) did not

meet acceptance criteria, Slave camera resolution at the collimztor zero

14
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focus position, T5 lines/mm, was less than the 90 lines/mm required; poak
focus occurred 0.002 inches behind the film plane, The master cam:rua was
well within specification with peak resolution of 113 lines/mm at the zero
position.
A retest of J-42 system resolution vas accomplished. Evaluation
of low-contrast data indicated that both cameras performed well within
acceptance criteria, The camera system had been modified by adjustment
of the'detent mechanism and the cycle rates. Results of the 2nd thru-focuc
resolution tests of pan instruments 200 and 201 showed the following
characteristics:
Master Pan Instrument No. 200
Maximum high contrast resolution 195 lines/mm at zero
focal position,
Maximum low contrast resolution 118 lines/mm at zero
focal position.
Slave Instrument No, 201
Maximum high contrast resolution 194 lines/mm at +.,001 focal
position,
Maximum low contrast resolution 116 lines/mm at +,001 focal
position,
The test data for both instruments is shown in Figures 2-1 and 2-2,

Both instruments met the system requirements specification.




Q9/6z/ 1T

199e(q 4597,

tong

gTt

86T

t0dAy vyt

146TI9U0N MOT

195Taquo) ysStj

{(wi/T) uoyynrosay

rAlndy

tofy peotied

002

tON ®'IBUrE)

(s0UOUL) SINFTEONI SNOC

9CO° 0+ noC 0+ <000+ Cca0*0

cCo*o-

1:]!-... _..14414 RARMEERes Rt enehin e st S e b s e s et Bl Torer- .:.11!
s ) X f
B A ] R S A _ HE ! ~ i -
' ] _ ' v
. P - . P ! : PR : . - . “ N _
N " i . i i + —
. - Sl . Lo ' - P T . N * .
! 0 . - . - K} ! . . . v .. . B . . ! . A,- + ".. . . - 1)
. : : . N
}

HONOVHIL

aoo.o.. . S00°C-

e+t —gea s e e

T

-

N
S teebih

[Ty r

...... N S S
| RAEERE
M- I -

P [

Pi-bne

[ SR

e

1] +

. !

et
.

on

b
LA oot
__ RERSRESEE
AARESSRES RS
: [ i
Lk TL“. .J:m e e
ERRESRE R =y
Rt ol B 0ST
I”w., T b
it A
sl
Pt Sk
- ple = 0oz
T -y
RSN N

. B | SR RN
RIS S R AN
..r«u.w-T.‘l.u_-.!fl.llJliJ
L brrED
e B R BRI
m.r__..._,....L

NOTJATOSEE OLNAC 9:04q -Rd

00¢

210

FIGURE 2-1

“Olid

Cit

FRN
H
9

OTHIVE

A hd
Xzl

1

10T,

ad sout]
16 )

I

[

(s2q0uT



(SoUoUT) SINTITEONI SNO0& HONO¥HI

oCO"C+ N0J* 0+ ¢00°0+ C30°0 ¢Co* o~ 100° 0~ G00°0-

[T

S Uy SRS S S e
. o 15 :
B

.-_-...‘.

-

Sl

Ow\mN\HH :93TQg 12€9]

TOTEredArwmia | el
AT "undhamoo MO

. .. . o . o I REC ) . AR _ . .A!,..v ﬂ. - .....A. .... _ “... OOH
MET  sasexquod WSHL | oo ninanonrio N P R St e v

(uwui/T) woygnTOSIY

ey —

AT

ol T-LL r.--.-.z.hb_trm-_l....

gh=psox peorfed | iU Rh IERERR 05T

|
h
.
.
‘

102 10N rABUWR)

g . -
[ B Bkl Rl n I
S DR

-4 s

R ELd ‘

FIGURE 2-2

JTHdVEDOLONd

ICCEE

L]
:

A

111 2od souTT) NOT
hird

-

11T

-

(:eqqm



~——zr Shoinl

C. LIGHT LEAK TEST

The J-L42 system was tested for light leaks on 14 November, 1966,
Several apparent leaks were identified, the heaviest peing from the
master input H,0, boot ared. Other leaks were from both druam boots,
from the slave input H,0, boot, and from the top of the "A" forcbody.

The méster input H,O0, boot lecal: was locsated, and repair verified
by photcmultiplier tests, The other leaks vere relatively minor. Because
of their relatively low level, photomultiplier verification of repair

was considered adequate. Light leakage characteristics of the J-h2

system were considered acceptable for flight.

D, FLIGHT READINESS AWD CERTIFICATION

The flight readiness test of J-42 (PG—3) system demonstrated the
capability of both pan cameras (#200 and #201) t6 produce excellent-
appearing material., Data recording and unifonuity of format fogging
wvere considéred acceptable by both performance evaluation and customer
representatives; no rework or retest was necessary. The H, O, fiducials
somewhat bloomed, but acceptable, The only gquestionable area involved
the raill holes, where a relatively large number of unacceptable images
were found on instrument #201, nine on the time word rail and three on
both rails of instrument 200. However, the unacceptable images were within
the then-current P,G, acceptance criteria (less than 10 unacceptable images
on any rail, with no opposing pairs).

Evaluation of material from the post-storage test of Stellar/Index
cameras D107 and D112 indicated generally good-appearing formats. The

"B" index (#112) had a dirt particle entrapped behind the reseau plate,

18
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which is inaccessible for cleaning. The fiducials on both stellars vere
somewhét dense, but the intersecctions vere clearly vicible,

The primary flight film spools wverc loaded into fhe pan supply cacsctie
without incident. Samples from the pan and S/I supply spools indicated
proper sensitometric performance. No marks or scratches on any film
were noted,

The system was assembled and operated for the pre-flight acceptance
run, These operations indicated normal system performance. Tracking
appeared proper. No film marking or scratching was noted; operation appcared
exceptionally clean.

The J-42 system was accepted for flight. Customer review and final

buyoff was concluded on 26 July 1967.

19
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SECTION 3

FLIGHT OPERATIOIIS

A, SUMMARY

Launch ascent, and injection events occurred es progfammed, with
the exception of low terminal THORAD velocity and the resultant orbit
dispersion. Inflight operations support proceeded nomally at A/P, anl
the STC, with no major problems encountered,

The panoramic cameras appeared to operate properly (per telemetry
data) until the middle of the second mission, when indications of possible
master film transport problems appeared. This continued until fallure was
indicated on the last engineering pass prior to recovery. The slave camere
operated satisfactorily throughout the flight.

Both stellar-index cameras, the clock system, the instrumentation

- system, and the yaw steeriﬁg control operated properly for the duraticn
of the flight. Some command and control difficulties were experienced;
the FMC programmer failed to turn bff on Rev 1 and continued to run con-
stantly through Rev 5, operating nonnailyvthereafter. Only one short
operation was affected. The IMC programmer was not started on Rev 120,
because of resetting the orbital timer; one operation was seriously de-
graded. Real-time commands controlling the dual intermix double-stepped
on three occasions during the flight, but the errors were corrected by

the flight controllers.
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B. PANORAMIC CAMERA OPERATIONS

The telemetry ponitors on the film transport system first indicatcd
possible oscillations in Master film motionAduring a photographic cycle
on Rev 175 and continuea to deteriorate through Rev 221. The most notable
film motion change occurred between photographic scan porpions of succeed-
ing cycles, However, this apparent change in film motion has been present
on previous systems in which the camera system performance was not degraded.

The cycle rates on both instruments decreasea approximately one and
one half percenf from Rev 159 through the end of the mission,

The relationship of the Master camera center of format and lens
rotation monitors had cranged on the last engineering pass at Rev 239,
This condition is indicative of a stoppage in the film transport systex.

The cut and wrap operation and transfer to the -2 recovery system
occurred as programmed utilizing the KIK-ZORRO 38 command (early -1 to -2
switchover) on Rev 104k by the-Tracking Station,

FMC Match

The FMC programmer failed to turn off on Rev 1 and ran continuously
urtil normal turnoff on Rev 5, The probable cause was temporary failure
of a cam-driven switch.

The V/h ramp to orbit match was otherwise acceptable throughout the
flight except for one occasion, On Rev 120 the orbital timer was reset
over the V/h start cdmmand. This resulted'in the MMC programmer remaining
at the bottom of the ramp causing the instruments to operate at a very slow
cycle rate. The single operation on Rev 120 experienced a high degree of

IMC mismatch because of this problem.

21
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The following settings of RTC 6, &, and 10 werc utilized to obtzin

grammer limits this optimum FMC match to a nominal band of latitude

defining areas of primary interest.

RTC Commands

¢ 8 1
RTC Positions 7 5 6
T 5 9
7T 5 10
6 6 .10
6 6 1

Renarls

Launch thru Rev 12
Rev 13 thru Rev 28
Rev 29 thru Rev 172
Rev 173 thru Rev 203

Rev 204 thru the end
of the mission.

The frequency distribution of the V/h errors, Figures 3-1 through

3-4, are computer plotted to show the statistical deviation.

22
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C. STELLAR/INDEX CAMERA OPERATION

th Stellar/Index cameras operated satisfactorily on all monitored
engineering passes, Telemetry data indicated that the programmer, meter-
ing functions, and shutter monitors performed satisfactorily.
D. INSTRUMENTATTON AND COMMAIND SYSTEM PERFORMANCE

The command system performance was satisfactory for bpth missions,
Real time command (RTC) 12 dduble-stepped on Rev 87-and RTC 15
double-stepped on Rev "{O-a_nd Rev 198 On two of the above
occasions the command verification tone dropped out momentarily causing
the stepper switch to advance an extra position, The other anomaly could
not conclusively be traced to a beacon tone drop-out. All RTC's were
recommanded to theilr proper positions prior to acquisition fade, and
therefore did not compromise the mission effectiveness, It is assumed
that this anomaly was a tracking station problem rather than a command
system failure.

This command system had ._been modified to\eliminate the capability
of resetting the intermix sequence and the four step counter by commanding
RTC 15.

The ipstrumentation system performed nommally throughout the total
mission,

E, CLOCK SYSTEM PERFORMANCE
The clock system operation was normal for the duration of the flight.

Satisfactory time correlation between the flight clock and-

Tracking Station time was obtained. The ratio of clock time to system time

was 1,00000014391, =

—
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F, PRESSURE MAKE-UP SYSTEM PERFORUAINCE

The pressure make-up éystem performance was normal throughout the fligat.
Average gas consumption was approximately 9.2 PSI/min for the 255 minutes of
total operate time. TheAsystem had a surplus of 340 P3IA at the end of the
flight.
G. THERMAL ENVIRORMENT

The thermal control pattern on this pzyload system was modified prior
to launch to produce a nominal thermal environment of 70° hi 10°F,

Temperature data from'cquisitions are included in Tables 3-1 thrcugh
3-4. The average instrument temperatures ranged from a high of 68°F and 65°7
and a low of 57°F and SMOF on the Master and Slave instruments respsctively,
Internal temperatures for complete orbits are included in Tables 3-5 and 3-6,
H. RECOVERY SYSTEM

The 1043 first recovery capsule was successfully recovered by air-catch
on Rev 113 at 1643 PDT on 14 August. Capsule impact was close to the pre-

dicted point., All re-entry events appeared normal and occurred within one

second of the predictions.

Iatitude Iongitude
Predicted 25° 00' N . 158° L8t v
Actual 240 skt N 158° 18' w

The second recovery capsule was successfully recovered by air-catch on Rev 2ho
at 1451 PDT on 22 August. All re-entry events appeared normal and occurred
within one second of the predictions. Capsule impact was approximately 23 N,M,

north of the predicted point.

28
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Iatitude Iongi tude
Predicted 22° 26.5' N 149° 19.1' W

Actual 229 50.8' 1 149° 15,0t W

I. RADIATION DOSAGE

Each recovery system flown on a Corona mission conilzins a sealcd packet
of Eastwan Type 3401 and Royal X Pan emulsions to determine the total radia-
tion received at the take-up cassette. Both film typcs have been irradiated
by IMSC at various levels and the base plus fog densities recorded after con-
trolled processing.

Following recovery the film dosimeter packets are rcmoved and processed
at A/P with a pre-flight sample of the same film type and sensitometric con-
trol film, The resulting base-plus fog density measurement of the dosimeter
strips is used to ascertain the total radiation level, The toble below
presents the base plus fog readings for the dosimeter strips end the radia-

tion lével equivalents.

Mission 10Lk3-1 Mission 1043-2
B+ F B+ F
Emulsion Density Radiation Density Radiation
Type 3401 0.17 0.6 R 0.21 0.9 R
Royal X Pan 0.22 0.3 R 0.29 0.6 R

These levels are below that which will degrade the photography.
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SECTIOK 4

PHOTOGRAPHIC PERFORMAIICE

A. GENERAL

A total of 11,306 titled panoramic frames (30,489 feet) were returned
from both mission segments, along with 928 stellar and index frames (107 and
218 feet, respectively). Master photography was missing for the last ten
operations because of a camera transport failure.,¥ The last 200 feet of
recovered master film was severely degraded during operations with the

film pulled out of the support nails,*
Stellar/Index Fwd Pan Aft Pan

No No
Frames Feet Frames Feet Opns Frames Feet Opns

Preflight 331 339 .

First Mission 443 sk/111 2838  ThTL  8Y 2888 7609 84

"Second Mission 485  55/107 2553 6737 719 3027 7999 89
TOTAL 928 109/218 5391 1Lsh2 163 5915 15947 73

* Missing 0 0/8 533 1405 10 0 0 0

The panoramic image quality was good and comparablevto recent missions,
prior to the occurrence of system malfunctions. The aftzlooking camera per-
formed satisfactorily throughout the mission and image quality was consistent
throughout. A MIP of 85 was assigned both missions, using the aft-looking
record, Material returned from the foreward-lddking camera was good and con-
sistent until 0pera£ions on Rev 61, after which the quality deteriorated with

increasingly erratic scan rate. The master quality was considered slightly

36
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lower in sharpness than that of the aft record, by visual comparison at
10x to 60x magnification of the original ncgative, This arises from the
added effect of haze light'in the forward-looking unit,” and from the wider
slit,

The good image quality was obtaincd when atmospheric conditions were
favorable, There was, however, a prevalencc of adverse conditionc, with
additional degradation attributed to surface winds and blowing sand in
some heavily-targeted areas.

Both stellar-index cameras operated properiy during the mission
segment,

Rail hole imagery deteriorated throughout the mission culminating in
a 75% loss, This loss, caused by emulsion bits filling the rail holes,
was not considered deleterious because the system was not flown as a Pan
Geometry mission., The lens scan lines were programmed on only for selected
stateside engineering passes.

B. MASTER CAMERA PERFORMANCE EVALUATION

Performance characteristics of the master camera changed during flight
operations, terminating in failure of the transport mechanism. Performance
was normal prior to Rev 61, where a slowing of scan note during the last
third of the format was noted on three frames. This becéme generally apparent
by Rev 68, The retardation effect gradually progressed until approximately
Rev 159, where scan rate errorc over 50% were common at the end of the for-
mats, causing a significant loss of image quality. This was not noted on
telemetry, since the camera responded with a sPéedup after the scan end,
yielding a net cycle period close to nominal, Variations in all telemetered

parameters were within the envelope describing normal operation,

37
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This condition persisted for ten days of opcration, until Rev 228,
frame 119. The next frame, 120, pulled from the rails, Photograrhic quality
was severely degraded, although there werc some usable arcas of the fomuats,
Operation continued for 80 cycles until the transport system failed completely.
The last material returned was six inches of Rev 230, Frame 13,

Exhaustive investigation by A/P and ITK specialists did not disclose
the specific failure mode, The general conclusion was that a mechanical
malfunction occurred in the oscillating mechanism of the instrument which
was manifested in the cyclic and progressive slowdoun of velocity cduring
scan, Film tensions gradually increased so that the material eventually
pulled from the rails, with subsequent complete failure of the transport

mechanism,

Another problem encountered on master unit phétography was the appear-
ance of a defocused stripe along one edge of all formats, The filter
apparently distorted in flight so that one edge curled away from the slit
and acted as a cylindrical lens, distorting the imagery and modifying

exposure in the affected area,

An additional problem, of lesser significance, vas encountered in
reading the binary time words. The nmask which provided the image for both
serial number and time word index dot was canted so that the dot was mis-
aligned with the inner row of binary bits, confusing the automatic reader.

Auxillary data recording, as horizon camera imagery and fiducials,

38
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binary time word, serial number, start of pacs mark, 200 PI'S time trace,
blanking pulse, and S/I slur pulse was operational throughout the micsion,
until pass 228, Although extensive effort had been directed towards
elimination of 1light leaké, typical minor drum leaks wecre evident at
the beginning of many operations, causing very minor degradapion.
C. SLAVE CAMERA PERFORMANCE EVALUATION

Performance characteristics of the si«#ve camera remained stable through-
out the mission; good photography was attzined. The MIP-85 frames for both
mission segments were from this camera,

Several minor ancmalies were observed, the more prevalent of which
were intermittent light minus-density streaks noted during operations on
seven revs, Foreign particles apparently were entrapped in the lens stove,
between the fifth lens element and the field flattener. Occasionally, one
or more temporarily adher=d to the field flattener and moved with it during
photographic scan,
. Additional anomalies included the time trace missing for a few inches
on the startup frame of two operations, and minor edge static on material
from three operations. These anomalies are common, and not degrading., A
pericdic mimus density spot along the format center of oné operation is
believed to be pressure marks caused by particles of foreign material (probably
scraped emulsion) on a metering roller. A similar problem in reading the time
word was encountered as on the master camera record, for the same cause.

Auxillary data recording, as H.d. imagery and fiducials, binary time
word, serial number, start of pass mark, 200 PPS time trace, and blanking

pulse was operational throughout the mission. Minor light leaks at the

drun were apparent at the beginning of many operations, causing very minor
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degradation.
D. STELLAR-INDEX EVALUATION

l. Index photography for the first miscion is good, and ccmparuble to
that obtained from other recent missions., No significant anomalies occurred;

Stellar photography shows approximately fifty percent of each format
affected by flare. Fifteen to twenty stellar images are visible in czch
frame; many frames have slightly elongated images, indicating slight
attitude perturbations during exposure.

2. Index photographic quality for the secénd mission was good, and
compared favorably with recent missions. Several minute mirus-density spots,
probably caused by foreign particles adhering to the reseau, are imaged on
each frame, Minor edge fog appeared intermittently_throughout the record.
Heavy fog patterns were noted on the first two frames.

The stellar photography shows a normal area of each format affected by
flare. Twenty to twenty-five stellar images are visible in each frame, with
no major attitude perturbations noted., A small minus-density spot, probably
caused by foreign particles adhering to the reseau plate; is imaged on each
frame. Some fogging affects formats from the latter few operations of the
mission,

E, OBSERVED DATA

Detailed evaluation of selected original negative, and of the stateside
engineering materials available at A/P, was undertaken in an attempt to deter-
mine the extent of informatibn reduction caused by the Master camera malfunction,

Atmospherics played an important role, for.this mission, in terms of

terrain information content. Content over the Z,I, was degraded to some extent,
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during portions of most passes, with few exccptions., Several operations
were performed over controlled range nctwork resolution targets, both Tixed
and mobile, several of which were obscured by clouds or rendered marginal
by haze.

In general, ground resolution of the aft-looking camera was equal with
the forward-looking, (scan component) or onc group better, throughout the
mission. However, the FMC component of the for~ard looking unit was usually
an additional group lower than in the scan direction. The best indicated
ground target resolution was 11 feet, but this was not believed to repre-
gsent mission photography during the better operations - those less affected
by atmospheric conditions, Considerable image distortion is evident in
some areas, probably as a result of thermal gradients and/or local surface
air currents,

Effects of the Master camera scan problem are evident near the end
scan area of the format., The apparent information content drops off sig-
nificantly, relative to the format center area, &mear is noted in higher-
contrast imagery in the affected area near the end of the mission, 1In
general, however, the scan rate anomaly did not severely degrade the forward
looking photography, especially when viewed stereoscopically. In conjunction
with the aft looking coverage, there was not a serious information loss,

until the failure on the last day of the mission.

F, PERFORMANCE MEASUREMENTS
The photography acquired by both panoramic cameras during Missions 1043-1
and 1043-2 received a MIP rating of 85. A summary is tabulated below of the

MTF/AIM resolution values measured by AFSPPF and reported in cycles/mm. The

k1 .
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microdensitometer slit used was 1 micron by 80 microns,

Mission Camera Cycles/mm Avg., Ground Resolutlion
1043-1 FWD 65

65 15.3 Feet
10k3-2 FWD 65
1043-1 AFT 67

T1 16,0 Fect
10k3-2 AFT 75

Edge scan analysis of random scene edges verifies that the Slave
Camera provided better ground resolution than the Master camera, Values
from both cameras were similar to those obtainecd by Mission 1039, Due
to the large scale of this photography, the mobile CORN edge targets could

not be traced using AFSPPF standard techniques,

The details of the measurement and computing techniques, targets
measured 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 IXPOSURE

The slits, filters and launch window for the panoramic cameras werc
chosen so as to place nominal exposure between the Eastman full and inter-
mediate processing curves. A 0,200 inch slit/Wratten 23A combination vas
selected for the forward looking unit, and a 0.150 inch slit/Wratten 21
combination for the aft-looking unit, with a recommended launch window
between 2145Z and 22457, Establishment of 21L5Z (1345 PST) as the early
cutoff was done because of possible flare off the stellar baffles late in

the mission. Actual launch was 21422,

The slit/filter combinations vere typical of recent summer flights.
Considerations in their choice included maximization of northern coverage,
minimizing exposure time for IMC tolerance and coverage at lower latitudes
with high scene illuminance, and maximization of scene contrast, Frequency
distributions of solar elevations and directions actually encountered during
photograrhic operations are shown in Figures 5-1 thru 5-4, Nominal exposure
of the cameras, based on actual orbit parameters at the start, middle, and end
of the mission are shown as a function of latitude in Figure 5-5 thru 5-10,
Generally, exposure was well within the tolerances which produce acceptable

photography,
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SECTIOL 6

DIFFUSE DELSITY MEASURIIENTS

The diffuse densiiy measurements madce by AFSPPr were procecczd by
computer at A/P to permit analysis of the density ranges encountered at
the three processing levels, A study of sorting techniques has shoun
that no absolute method is available to scparaﬁe the density values., Thae
sorting technique selected uses arbitrary base-plus-fog density values
where measurements up to 0.09 density are considered as having received
Primary processin% 0.10 to 0.17 as Intermediate, and above 0.17 density
as Full, The percentage of original negative that was processed at
each level, based on the computer sort, is tabulated below with the

predicted and reported processing percentages,

Mission Camera Primary Intermediate Full Transition

1043-1 FWD Predicted 0 20 80 -
Reported 6 14 68 12
Computed L 26 70 -

1043-1 AFT Predicted 0 3 97 -
Reported 6 8 L 12
Computed 2 27 T1 1

1043-2 FWD Predicted 1l 19 80 -
Reported 2 11 73 1k
Computed 1 39 60 -

10k3-2 AFT Predicted 0 T 93 -
Reported 5 16 63 16
Computed 1 37 62 -

54 .
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A summary of the processing and exvosure analysis is shloun in Table
6-1. The terrain D-Min critcria (range) for proper exposurc and proscss-
ing is 0,40 to 0.90 density units. Tue area measured for D-lin is
selected subjectively and is not nccessarily the absolute D-liin in the
photography. )

A density range chart, Figure 6-1, is included in this report. Dota
prior to mission 1041 is included in the A/P final reports for liissious
1031 and 10LO,

These charts are produced from the same density measurements pre-
viously mentioned in this section. The computer produced the mean, mediz
and range figures for the various processing levels uzed. The chart
includes the number of frames (samples) in which the density measurements
were made, These measurements are made on approximately every tenth frame

throughout the mission.,
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SECTION T

VEITICLE ATTITUDE

The vehicle attitude errors for both Mission 1043-1 and 1043-2
vere derived from the reduction of the Stellar camera photography.

Tnis attitude data 1s supplied to A/P by NPIC.

Tne attituie errors for each frame and the attitude control rates
arc ca2lculated a2t the A/P computer facility., The computer also plots
the Treguency distribution of the rates and errors. Figures T-1 through
7-6 show these distributiors for Mission 1043;l and Figures T-T through
T-12 for Mission 1043-2,

The summary table below lists the maximum attitude errors and
rates that vere experienced during 90% of the FWD camera photographic
operations, excluding the first six frames of each operation, and the

total range of the errors and rates,

Mission 1043-1 Mission 1043-2
Value 9055 Range ] 90% Range
Pitch Error (©) 0.28 -0.36 to 40,52 - 0.30  -0,19 to +0.50
Roll Error (°) 0,23 -0.32 to +0.40 0.34 -0,50 to +0,.26
Yaw Error (°) 3.11 -3.20 to 40,40 2,73 -2,95 to +0.k0
Pitch Rate (°/hr,) 23.87 -38  to +60 29,16 =34  to +72
Roll Rate (©/nr,) 22,03 -90  to +55 31.58 -90 to +65
Yau Rate (©/hr.) 41,54 -96  to +15. 47,91 -98 to +38

The performance of the cttitude control system is comparable to the
control systems used on recent nmissions. The panoranmic photography was

not degraded by the attitude control system,
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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 assexbled at A/P which calculates the exposure time of each
frame and compares the camera cycle rate with the ephemeris to calcu-
late the FMC mismatch (Section 3» which is then combined with the vehicle
attitude error and rate values of each frame and the crab error caused by
earth rotation at the latitude of each frame. The program outputis the
total along-track and cross-track IMC error and the limit of ground
resolution that can be acquired by a camera regardless of focal length

and system capabillities.

The computer rejects the first six frames of all operations as
the FMC larée error induced by camera start-up is not representative of
the overall system operations, The frequency distribution of the FMC
errors and resolution limits are computer plotted and are shown in

Figures 8-1 through 8-12,

The summary table 8-1 presents the maximum FMC ratio errors and
resolution limits that existed during 90% of the photographic operations,
and the total range of values during all operations that were computed.
Beeause of the ebnormal nonlinearity of scan rate to cycle rate
for the forward camera, it is difficult to extfapolate actual photo-

graphic gquality from thesc data.
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SECTION 9

SYSTEM RELIABILITY

Reliability calculations for the payload sre based on a sample beginning
with M-T7. Hence both the major part of the Mural Program and the "J" Program
are covered in the calculation. For certain auxiliaries, i.e., the stellar-
index camera and the horizon cameras, the sample size is changed to recog-
nize incorporation of modified equipment or new designs where reliability
vas one of the principal reasonc for the modification. Howéver, for primary
mission function, the samplc size is consistent with reliability reporting

for the vehicle,

The reliability estimates of this section deal exclusively with the
paylocad. Failures to achieve orbit or veliicle induced failures are there-
by exéluded. Recoveries before a complete mission has been completed are
considered as full missions providing that early termination was caused by
reasons not commected vwith payload operation. Film quality is not con-
sidércd in the reliability estirate calculation, Hence, only electrical

and mechanical functioning arc conciderad,

Tne reliebility ecvimate is also divided into primary and secondary
funciionz., The primary functions are operation of the panoramic cemeras,
nmzin camcera door operaiilon, operation of the paylozd clock, and recovery
operations, The secondary miscion functions are horizon camera operation

excludiry catastrophic open shuttcer failure mode, auxiliary data reccording,



—

and stellar-index camera operation. A summary of estimated reliability is
shown in T.:bles 9-1,
Panoramic Camera Reliability
Sample Size - 187 opportunities to operate.

Two Failures - S/I Programmer on System J-19
Film transport on System J-L2

Assume - 3000 cycles per camera per missiomn.

Estimated Reliability + 98.6 at 50% confidence level,
Main Camera Door Reliability

Sumple Size - 60 vehicles x 2 doors = 120 opportunities to operate

Estimated Reliability = 99.4% at 50
Payload Command and Control

Sample Size - 10,896 hours operation in sample

Two failures

Estimated Reliebility = 97.7 at 50% confidence level
Payload Clock Reliability

Sample Size - 10,896 hours operation in sample

Yo failures

Estimated Reliability = 92.4% at 50% confidence level

Estimzated R=liability of Iaylead Funcltioning on orbit = 97.2 at
50% confidence level

Recovery Systiezx Reliability
85 opportunities to recover

1 failure - improper ceraration due to water seal - cutier failure
Estimated Loliebility = 98,0 et 50¢% confidence level
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Stellar-Index Camera Reliability

Sample begins with J5

Sample size = 27,630 cycles

Four failures

Estimated Reliability = 93.1% at 50% confidence level
Horizon Camera Reliability

Sample begins with J5 - 109,000 cycles

Estimated Reliability of Single Camera = 99.0% at 50%
confidence level,

Estimated Reliability of Four Horizon Cameras at a Parallel
Redundant System = 99.9% at 50% confidence level,
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SECTION 10

SUMMARY DATA

The compzrison of the operating parameters and the performance
achieved by previous missions has been difficult due to the large
volume of datz that results from each mission., Some of ﬁhe pertin-
ent characteristics from prior missions have been summarized in

Tables 10-1 through 10-3.

The swmisry datz 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 roiler scan head and Corona J
cépabilities. Only those missions that culminated in the recovery of
some photography have been listed, therefore Missions 10032 1005 and

1032 are deletled,
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