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FCREWORD

This report details the performance of the payload system
during the operational phase of the Progra:n-Flight Test
Vehicle 1650.

Lockheed Missiles and Space Company has the contractual
responsibility for evaluating payload performance. This
docunment Is the Tinal payload test and performance evaluation
report for Mission 1106-1 and 1106-2 which was launched on

5 February 1963.
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INTRODUCTION

This report presents the final performance evaluation of Missions
1106-1 and 1106-2 of the Corona Program. The purpose of this report is
to define the performence characteristics of the CR-6 payload system and
to identify the source of in-flight ancmalies.

The pérformance evaluation was Jjointly conducted by representatives
of Tockheed Missiles and Space Company (IMSC) and ITEK at the facilities
of NPIC and AFSPFF. The off-line evaluation of Corona engineering photo-
graphy acquired over the United States was performed at the individual
contractors plants.

The quantitative dats used for this report is obtained from government
organizations. The diffuse density datz, and MTF/AIM resolution are produced
by AFSPPF. The vehicle attitude error vzlues and frame correlation times
are made at NFIC who also supply the Processing Summary reports published
- [

Computer programs developed by A/P are utilized to calculate and plot
the frequency distribution of the various contributors to image smear to
permit analysis and correlation of the conditions of photographiy to the
information content end guality of the acquired pictures. Computer analysis
of the exposure, processing and jllumination data provides the necessary

date to snalyze the exposure crilteria selected for the mission.

Thiis report contains certain data summarized fro—
— end from APSPPF TERO Report, 101-1-126.

Iﬂ:.'l""-'ﬂ
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SECTION 1

MISSION SUMMARY

A. MISSION OBJECTIVES | .

The payload section of Mission 1106, placed into orbit by Flight Test
Vehicle 1650 and THORAD Booster #519, 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.

Figure 1-1 presents an inboard profile of the CR-6 payload system. The
Corona "J" system is designed to acquire search and reconnaissance photo-
graphy of selected areas of the earth from orbital altitudes, An eight day

-1 nission and a seven day -2 mission wes planned.

B. MISSION DESCRIPTION

The payload was launched from Vandenberg Air Force Base (VAFB) at
2159:53% (1359:53 PST) on 5 February 1969. Ascent and injection were
normal ard the achieved orbit was within nominal tolerances. Tracking

end command support was effected by the Air Force Satellite Control Facility

conslisting of tracking and command stations at

under central control of
the Satellite Test Center at Sunnyvale, California, Mission 1106-1 con-
cisted of a k-day operation and was completed by air recovery on 9 February
1969, Mission 1106-2 was completed with en air recovery on 15 February 1969
following & 5-day photographic operation,

The comparison of the planncd ard actual orbit parameters is tabulated

as llovs:
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ORBITAL PARAMETERS
' Orbit 2
Parameter Planned Actuals
Period {(Min.) 88.77 88.7
Perigee (N.M.) ~ 81.0 82.9
Apogee (N.M.) 156.7 155
Inclination (Deg.) 81.54 81.54
Perigee Latitude (Deg. N) 35.05 47.86
Eccentricity .01055 0.0084

Two drag mzke-up rockets #ere fired during Mission 1106-1, and four
during 1106-2. The remaining six rockets were fired after the second

recovery.

C. PANCRAMIC CAMERAS

The forward instrument operated satisfactorily throughout both missions,
end produced good to fair imagery except where degraded by atmospheric haze.
The aft looking instrument operated satisfactorily throughout all of the 14,000
feet of the type 340k material and approximately 911 feet of the S0-121
color material. The remainder of the 2000 feet of S0-121 which was on the
end of the supply spool was not retrieved due to an anomaly. Good to fair
imagery was produced and the S0-121 record showed good color balance. Both

records evidenced degradation due to atmospheric haze.

D. DISIC CAMEIRA

The DISIC camera operated satisfactorily throughout both missions.
Although several characteristic markings are present on the record, no sig-
nificant photographic degradation occurred. Approximately 75 port and 15

starboard point steilar Images are present in most stellar frames and the

?gﬂ-‘\ r\:‘ (‘a I;-: ,;::.I_. r:.:'-_lr:.
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image quality of the index record is good and slightly better than that

obtained from Missions 1103 end 110h.

E. OTHER SUB-SYSTEMS

The pressure make-up uinit, the clock and the thermal control subsystéms
performed satisfactorily. The Digital Shift register portion of the command
system generally performed satisfactorily but produced imvroper output on
Revs. 9 and 22. The proper word wes not shifted into the relay storage unit
end the origin of the anomaly is still unexplained.

The slope programmer which provides continuous V/H error correction was
inoperative after launch. Although the automatic section of the slope program-
mer was inoperative, real time command during acquisitions provided sufficient
control to maintain V/H errors within s 2%, usually less, over the primary
target areas.

The exposure control programmer did not operate after Rev. 21. Failure
mode analysis of the exposure control programmer indicates that either the
reley controlling power to the subsystem failed or the relay was continuously
inhibited by an accidental ground connection on the S.P.C. command line to the
relay. Having lost the automatic slit sequencing feature, the programmer was
operated by real time command during acquisition to provide the best possible

exposure match over the areac of interest.

¥. COMPONENT IDEITIFICATIOLS AND SETTINGS

1. Forward Lookins Panoramic Camera

8. Compenent Assignment

Component Serial Number
Main Camecra 313
Main Camerz Lens 1206
Supply Horizcn Camera Lens . E23761

Take-up Horizon Camera Lens E23797

LU TR o FEN B et

Lok T [N PN
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b. Camers Data and Flight Settings
Main Camera:
Lens a2h"r/3.5
51it widths
S1 0.173"
5, 0.197"
s 3 0.24kg"
8, 0.311"
F/s 0.252"
Filter Types
Primary Wratten 234
Secordary Wratten 25
Flln Types
Primary Bastman Type 3L0L (16,300 Ft.)

Supply (Port) Horizon Camera:

Lens 45,5 £/6.3
Aperture Setting £/6.3
Exposure Time 1/100 second
Filter Type Wratten 25

Take-up (Starboard) Horizon Camera:

Lens 45 . by £/6.3
Aperture Setting £/8.0
Exposure Time 1/100 second
Fllter Type Wratten 25

t

Ty CROBRTC
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2. Aft Looking Panoramic Camera
a. Component Assignment
Component Serigl Number
Main Camera P2
Main Camera Lens II19O
Supply Horizon Camera lens E 23783
Take-up Horizon Camera lLens E 23782
b. Camera Data and Flight Settings
Main Camera:
Lens 2u"r /3.5
S51it Widths
Sl 0.1by"
5, 0.15L"
S3 0.187
5), C.23L"
F/S 0.197"
Filter Types
Primery Wratten 21
Secondeary SP rilter
Film Types |
Primary Eastman Type 3404 (14,000 Ft.)
Secondary Eastman Type S0-121 {2000 Ft.)

Supply (Starboard) Horizon Camera:
Lens 45. 3mm £/6.3
Aperture Setting  £/8.0
Exposure Time 1/100 second

Filter Typc Wratten 25

co
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Take-up (Port) Horizon Camera:
Lens 45. b £/6.3
Aperture Setting £/6.3
Exposure Time 1/100 second
Filter Type Wratten 25
3. DISIC Camers
a. Component Assignment
Component Serial Number
Camera 00€
Index Reseau ‘ 105
Stellar Reseaus
Port 11P
Starboard 6
b, Camera Data and Flight Settings
Stellar Cameras:
Lens 3 in. £/2.8
Exposure Tine 1.5 seconds
Filter Type None
Film Type Eastman Type 3401 (2000 Ft.)
Index Camera:
lens 3 in. £/4.5
Exposure Time 1/500 second
Filter Type Wratten 12
Film Type Ea;tman Type 3400 (2000 Ft.)

SEERoT e




SETIRCRETIC

Page 13 of 78

SECTION 2

PRE-FLIGHT SYSTEMS TEST

The CR payload systems are subjected to a sequential series of tests
required to demonstrate a satisfactory confidence level in the flightworthi-
ness of the systems. These tests include static verification, dynemic per-
formance, operation in simulated thermal-altitude envirpnment, ight leak
evaluation and dynamic rhotographic perfcrmance measurements. Signifcant
baseline levels and anomalies experienced on CR-6 during pre-flight testing

ere as follows:

A.  ENVIRONMENTAL TESTING
Payload system CR-6 was tested twice in the environmental HIVOS chamber;
in standard configuration from August 23 through August 29, and, in Aschenbrenner

Grid Test (ACT) configuration from Septembter 16 through September 22, 1968.

1. HIVOS Test No. 1

Pan Instruments

The test wac performed using S0-380, UTB material. Instrument system
operation, from instrumentation analysis, was generally satisfactory
throughout the test although two major anomalies occurred on the aft
looking instrument records. The first 1000 cycles of operation produced
2 17 corona during which time the pressure make-up subsystem was deaétivated
and the pressure ranged from 9 to 17 microns. The second anomaly was loss
of most format data end H.0. fiduclals on the aft looking instrument.

This was traced to failure of the Dual Data Signal Conditioner which

initiatcs these readouts.

l;‘:,l;-. [N P B e P W ,—z.d.!‘r_.:
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The records from both instruments bore intermittent Plus density
stripes. The CR-5 records exhibited the same characteristic and it is
attributed to sensitivity of the UTB payload to pressure deformations,
i.e., buckling of the filﬁ web, as it traverses air twists in the payload
path.

DISIC Camera

The material from the DISIC instrument No. 6 contained no serious
enomalies. The stellar material was continuously marked by the skew
roller bead along one edge but not affecting the format area. The port
stellar formats were mottled by the pressure pad throughout the test.

The pad was later adjusted and the marking greatly reduced in magnitude.
There were minor dendritic marks along the SLP edge of the terrain material
outside the format area.

Command System

CR-6 is the first system utilizing the new DSR command system which
functioned properly with the exception of a minor anomaly. It failed
twice to shift the first word into the output register. It later appeared
norral end did not repeat the anomaly.

Prescure Make-up Subsystem

The pressure make-up subsystem failed to respond properly when the
Yan and DISIC cameras were started simultaneocusly. This problem recurred
in HIVOS test No. 2 and was traced to a delay module which was repiaced
by & more reliable flight tested module employed elsewhere in the system.

2. ETVOS Test No. 2

Pan Instruments

CR-6 was retwned to the chamber in the AGT configuration which

‘?{fh 2 QEOTIET 7
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rendered the H.0. fiducials, 200 pps, and P.G. stripes incperative
éhroughout the test. The voltage %o these data markers is interrupted

by the test harness and is acceptable for this test.

The ITEK evaluation of the AGT test records reported that the
maximum 1ift variance cn the aft looking instrument was +.0006" and on
the forward lboking instrument was ~.0008". The results warranted the
conclusion that instrument #312 was very good, instrument #313 was good
and that they both were acceptable.

An intermittent plus density stripe was present on much of the
records from both pan instruments in the HIVOS ta2st. The maximum density
is approximately 0.015 above base fog which represents no significant
degradation to the photography. Iﬁ addition light start-up coroma
afTecting one to three frames was present on both records. Density checks
of these marks indicate Dmax = 0.35 above base fog which is acceptable.

Near the end of the test, the material from the No. 1 instrument
was severely torn on a wrap adjacent to the manufacturer's splice and the
emulsion was lifted on the succeeding wrap. This was czused by adhesive
bleed from the mylar splice. Consequently the superior Permacel splices
are now being employed where possible. The No. 2 instrument record had
45 frames of 277 type corona during the final pressure sweep at the end
of the test at a pressure range of 15 to 30 microns. Although this
anomaly is not acceptable, & waiver was recommended.

DISIC Camera

 The DISIC instrurent No. 6 terrain material exhibited a minor corona
stripe inside the format arca on approximately 60 frames. The density of
these marks was within specification limits. The characteristic skew
bead roller marks were present on the stellar record which was otherwise
acceptable.

R P
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System Performance

.Pan Instruments

The Pan instruments transported material normally throughout the
test. The cycle rates on the No. 1 instrument were not acceptable after
rev. 8B. The No. 2 instrument produced satisfactory cycle rates through-
out the test.

DISIC Camera

DISIC performance was normal throughout testing except for dirty
contacts on both stellar and terrain idlers which were cleaned subsequent
to testing.

Subsystem Performance

The performance of the various subsystems was satisféctory with some
minor anomalies. Adjustments were made at the conclusion of the test.

The exposure control and the V/H programmer performance was normsl.
The clock had a small offset and was later adjusted for better accuracy.

Noise was reported on a few open points of the T/M commutator.
Operation of the remainder of the instrumentation was normal. The tape

recorder failed to record segments of data during both "A" and "B" phases.

B. RESOLUTIGN TEST

Initial resolution and theodolite tests were performed &4 January 1969.
The resolution performance in the FMC direction indicated that there was degra-
dation and excessive variation in target-to-target performance at each focus
position. These quality degradations were induced by a target/camera IMC mis-
match of approximately 7% percent. The final resolution test verified that
the IMC/scan performance disparity noted above had been corrected so that
evaluziion of system resolution performance was confidently performed.

h
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Results of the thru-focus resolution tests on the pan instruments 312
and 313 show ihe following charactéristics:

Aft-looking Instrument No. 312
Maximum low contrast resolution 125 lines/mm at -0,0007" peak focal
position.

Fwd-looking Instrument No. 313
Maximum low coatrast resolution 200 lines/mm at -0.,0004" peak focal
position.

The final test data for both instruments is shown in figures 2-1 and 2-2.

Both instruments met the system requirements specification.

C. LIGHT LEAX TEST

The photomultiplier light search test conducted after flight loading
indicated that the system was free of any light leaks. Evaluation of the
Tlight testi specimens that were later retrieved and rrocessed also showed that

the system was light tight.

D. FLIGHT LOADIKG AND CERTIFICATION

Tﬁe DISIC #6 was loaded and installed in the CR-6 system on 25 January
1969. The pan CR-6 system was loaded on 27 January 1969. Film samples taken
from both DISIC and pan sjstems were processed and evaluated. They were free
cf physical defects and tﬁe photographic characteristics were satisfactory.
All functions were normal, and as noted in the preceding paragraph, the light

leak search test showed that the system was light tight.

P % e Iy renome § oty
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SECTION 3

FLIGHT OPERATIONS

A.  SUMMARY

Lift off occurred at 21:59:53 GMT (System Time T4193.2) on 5 February
1969 from SLC-3 west pad. All launch, ascent and injection events occurred
as programmed. The orbit achieved was within the 3 sigma predicted dispersions.

Panoramie camera 313 operated satisfactorily throughout the flight. Film
wrap-up on the frame metering roller cccurred at the end of the mission when
the supply was exhausted. Panoramic camera 312 operated norﬁally until a
failure occurred in the -2 mission with approximately 409 .cycles left on the
supply. Indications are that the failure was a film separation that occurred
at or very near & msnufacturer's splice.

The DISIC system operated normally throughout the flight. Cﬁt, splice
and transfer transpired as programmed and were satisfactory.

The command-system incorporated a Digital Storage Register (DSR) for
primary operation of the camera system and included a twd program {four rev.
internix capability for emergencies. This was the first ISR system to be
utilized in flight. Performance of the DSR was considered satisfactory for
a first rlight article.

The clock system operated normally and satisfactory clock/system time
corrclntion war obtained.

The exposure contirol programmer operated normally through Rev. 21. The
programmer failed in pouition 1 at this time and no longer responded to
Brush 51 or 52 commands. The slit widths were controlled.by real fime comﬁand

| (RTC), VIF 101, Tor the remainder of the flight.
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The eccentricity function portion of the Forward Motion Compensation
(FMC) generator was Inoperative after 1auﬁch but the oblateness function
generator operated normally. FMC errors were minimized by selecting the
the best match for & specific latitude range by RTC over acquisition
stations to obtain a satisfactory FMC.

The pressure meke-up system operated normally. Gas consumption was
6.06 psi/minute of operation and 2100 psi remained at the end.

The instrumentation system performed normally throughout the flight.

The thermal environmment was within specification and very near the
prediction.

The tape recorder in the -1 recovery system performed normally and all
data was recorded and retrieved. The tape recorder in the -2 recovery system
failed after approximately 6 minutes of operation.

Kik-Zorro 38 (Pan Camera A to B Switchover) was commanded on rev. 55.
Cut and wrap and transfer to the second recovery was normal.

Kik-Zorro 39 (DISIC A to B Switchover) was commanded on rev. 56. Trans-
fer Lo the second recovery was normal.

Both recovery cystems were successfully recovered by air catch and 211
events were normal.

DMU Qperation

Six DMU rockets were used for period control during the 147 revs of the
Tlight to satisfactorily maintain the ground tracks. None were required for
dispersions as the initial orbit was near nominal.

The ground track error was limited to 25 nautical miles east and 12

nautical miles west of nominal. The following is a swmmary of the DMU firings:

FEONTY Crieaymep e



Rocket Pass System
No. Fired Time
1 24 34539
2 4o 33267
3 61 58650
L 97 T7260
5 115 00371
6 139 L2081

ol wiVia £ -

Period Velocity

L
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Pericd

Change Change at
(sec.) Ft/Sec Firing
10.3 16.6 88.56
11.2 18.0 88.57
1h4.3 22.7 88.57
1L.7 23.4 88.53
15.7 25.0 88.58
15.7 25.1 88.57

Figures 3-1 and 3-2 are plois of orbit history and operation

distribut

B. CRBI

ion data.

TAL PARAMETERS

The following tabulation describes the orbital parameters based on rev. 2,

beth predicted and actual.

Orbit Parameter

Period (Min)

Perigee (mm)

Apogee (nm)

Eccentricity

Incliration (Deg)

Arg. of Perigee (Deg)

Predicted

88.77 (+0.24, -0.47)

81.0 (45, -5)

156.7 (+10, -18)

0.0108 (+0.0016, -0.0026)

81.51 (+0.34, -0.16)

c. PARORAMIC CAMERA PERFORMANCE

141 (+43, -48)

Actual
88.70
83.5
154.9
0.0101
81.54

132

Instrument 312 was loaded with 14,000 feet of type 3404 £ilm and 2000

Tfeet ol type 80-121 color film.

of type 340k film.

AT

Fai S e N ST Lol B R

Instrument 313 was loaded with 16,300 feet
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Film consumption (frames) is listed in the following tabulation.

Pan 312 Pen 313
Bample 20 20
Pre-Launch 158 158
-1 Mission 2952 2950
-2 Mission 2188 (3L0h) 3054

347 (80-121)

A—— ——

Total 5765 6172

Panoramic camera 312 operated normally throughout the -1 mission, through
the 3404 f£iim (2188 cycles), and 347 cycles into the 756 cycles of S0-121
(color) film in the -2 mission. At this time a failure occurred. Camers
system dynamic operation, 99/101 percent clutch operation, start-up, shutdown,
transport funcltions end response to the exposure control system and filter
change mechanisms was normal until the failure occurred.

The failure was first noted on rev 106 by the filter change selector which
had advanced 2 positions. On rev 106 the cycle counters only advanced 27 for a
35 cycle operation. An engineering pass was conducted on rev 109 and the
feilure was confirmed. The failure was such that the supply spool was free
running, the input metering roller ves operating, the frame metering roller
and take-up were stopped, and the system was shut down by the 20 second delay.
This indicates that the most probable cause of the failure was a separation of
the film between the supply spool and the input metering roller, resulting in
& Jam-up of the Instrument as the tug end was transported through the system.

A manufactiurcr's splice was located near the point of failure suggesting the
possibility that the splice may have failed.

Panoramic camera 317 operated normslly throughout the flight with tag end
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wrap-up occurring at film depletion. Camera dynamics, 99/101 pereent clutch
operation, start-up, shutdown, film transport and response to the exposure
control system were all normal. The wrap-up at film depletion had the same

characteristics as other CR systems at film depletion.

D. DISIC PERFORMANCE
The stellar camera was loaded with 2000 feet of type 3401 and the terrain
camera was loaded with 2000 feet of type 3400 film. Film consumption (frames)

is listed below.

Stellar Terrain
Sample 95 73
Pre-Launch 120 118
-1 Mission 2146 2146
-2 Mission 2637 2393
Total Z;;g Z;;g

The DISIC system operated normally throughout the flight. Cut, splice
and trancfer to the second recovery system were commanded by KZ-39 on rev 56.
All events occurred as programmed and were satisfactory..

The 1/250 second shutter speed was disabled prior to flight and all

photograrhy was taken at 1/500 second exposure time.

E. INSTRUMELTATION AND COMMALD SYSTEM PERFORMANCE

The instrumentation systcm operated normally throughout the flight;

CR-6 and up payload systems utilize UHF digital, S-band Analog and
KIK~’OMRO Rezl Time Cormmends (RTC's) in conjunction with the Orbital Prograrmer
Stored Program Commanis (SPC's) for payload eystem operation and control. The
bacic corrmind system ntilized for camera enable/disable control includes a
storare reszicier, register accader, H-timer stored commands using a cascade

-technigue, redundzant off comninds and an emergency back-up system.

r: . . .
[ L A -
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This is the-first flight system to utilize the ISR command system.

A brief description of this command system and the programming technique

follows.

Primary Camera Contrcl

Thé primary panoramic camera command system has the capability of
controlling up to 16 camera operations between tracking station acquisitions.

The command system consists of a 32 word, 5-bit per word magretic
core storage unit that is interfaced directly with the Agena Type 22
Decoder. The command bits are 1's and O's which form & word revresenting
the command to be executed. The most significant bit designates the pan
camera On/Off control - "O" for Off, "1" for On. The other four bits
form s reverse binary numhber that specifies the Orbital Programmer
track to be executed.

A real time command (UHF-109) enables the digital storage register
for loading the 32 command words. The same load enable command disables
the A/P register decoder logic, which puts the camera system in & disable
mode. If the camera system is "On" when the load enable command is given,
it will automatically perform a normal shutdown. The enable conmend
sets the entire menory to zero and resets the word counter. A write com-
mand from the Type 22 dccodef causes & 5-bit word to be loaded into the
digital storage register.

Following the storage register icading, another real time command
(ANA-9/UIF-110) disables the digital storage register loading and enzbles
the A/P recister decoder lozic, putting the camera system‘into an enable
mode. The load diszble command cruses the first word to be read into the

output register for exccution.

IR S e RGN P
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Readout of the digital storage register is sequential in the same
order that the words are loaded. The word in the register will enabie
the cbrresponding execute. punch on the Orbitsal Programmer tape. After
exscution, the storage register advances to the next word.

A ;ascade technique is used for programming the sixteen SPC tracks
available on decks 3 and 4 of the Orbital Programmer for camera operate
control. All sixteen SPC's are considered execute commands. A command
from the digital storage unit enables one of the 16 execute SPC's and
indicates whether the execute is to turn the camera system on or off,

The cascade technique consists of punching the.16 execute events
in the Orbital Programmer tape at specified time intervals., The last
11 SPC's are punched consecutively at 6 to 10 second intervals, The
first 5 SPC's punched at approximately 75 to 100 second intervals and are
used to skip the intermediate cascades formed by the last 11 SPC's., This
procedure is repeated for all required land masses between acquisition
stations. A maximum of 32 usable cascades between tracking station
acquisitions can be punched but a more practical number is 15 or 16. At
least cne command must be programmed for each four intermediate cascades,

When all of the 32 ccmmands stored ip the register are executed,
the output register is placed in an =ll zéro condition. Therefore, any
subsequent cascades that remain before the next station acquisition will
receive only camera Off commands. At the next station acquisition, -a
new set of commands can be stored in the digital register to control a
new sequence of camera operations,

In addition to the sixteen execute SPC's used for controlling the
pan camera system, an SPC is uced as a redundant Off to turn the camera

system off. A redundant Off SPC is included at the end of & series of

AR R ey
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cascades to assure that the camera system turns off.

Emergency Mode of Operations

An emergency backup system is provided on J-3 payloads using the
Digital Storage Register system.
Two programs are provided for emergency operations. Associated
. "On" and "Off" events are punched on the Orbital Prcgrammer fape. The
programe provided cn the Orbital Programmer tape are controlled by the Orbital
Operation Intermix Select which provides control for four consecutive revs,
The Intermix is stepped by SPC-1Lk once each rev. The operations for any
rev are either all taken or all denied depending on the Intermix Logic,
The emergency backup capability is provided by the following real
time command functions:
1) AMA 6/UHF-116 Emergency Program Select
This is a two position selector used for selecting one of the
two stored programs.
Position 1 enables the Program 1 operations controlled
"on" by SPC-28 and "Ofr" by SPC-29.
Position 2 enables the Program 2 operations controlled
"On" by SPC-46 and "OLf" by SPC-AT.
2) ANA 8/UHF-118 Emergency Intermix Operations Select
This is a sixteen position relay matrix. Commanding to one of
the sixteen positions provides a four rev sequence where all
programmed operations for any rev will be all "taken" or all

"denied" depending on the logic of the interwix. The logic for

each position is as follows:

€ 8,73 o e s v T
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Four~Rev
Pos. Segquence Logic
1 0000
2 1000
3 0100
4 1100
p 0010
6 1010
7 0110
8 1110
9 0001
10 1001
11 0101
12 1101
13 0011
1h 1011
15 0111
16 1111

Note: 11 = Execute "On", 0 = Execute "Off"
Once the position for a desired sequence is selected by
ANA 8/UHF-118 the control position within the sequence is de-
termined by & four step counter which is advanced once each rev
by an SPC-14 command. The sequence Will repeat until anocther
ANA 8/UiF-118 cormand is given which reinitializes the counter.
3) ANA 10/UIF-120 Inctrument Mode Select
This is & four position selector used for selecting one

of the following panoramic camera operational modes:

t*né,‘:;.r ;"»\' c, '[-1 !d: m ?r-ufn': li‘{,r':
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Pos. Function
‘1 Stereo operation - ISR
2 Mono 1 operation - DSR
3 Mono 2 operation - ISR
b Emergency Mode Enable (Stereo)
Commanding to position 4 puts the panoramic camera
system into the emergency mode. In position L power is
removed from the digital storage register system and the
emergency intermix (ANA 8/UHF-118) and emergency programs
(ANA 6/UMF-116) are enabled.

All other command functions remain the same as CR-5.

During the active flight the Satellite Control Facllity attempted to
load the TSR 87 times. Ioad generation, transmission and verificatiop were
normal 33 times. DSR loading was successful an additional 48 times after
repeated attempts and/or use of non-standard operational techniques. ISR
loading was unsuccessful a total of 6 times. These were on revs l.

2-, h., 6. 16. and 85.. Of these only revs 4 and 85

had operational requirements and the emergency program was enabled,

ailowing camera operation over the area of interest. On revs 1 and 2.
and 6. the loading was for checkout and loss of these loads did not im-
pair the miscion. The load for 16. was to allow for an engineering
operatisn of the cenera system over the tracking station. Loss of this opera-
tion was nol delrimentsl to the mission.

Four additional enomalies occurred during the flight. The first occurred -
on rev 9- The load was completed and verified normally, however a 200
commind remained in the output register when the load disable was given.

This causad the decired operations to occur approximately 40 degrees south
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of the desired location. On rev 2.a similar thing occurred except the
command ir; the output register was a 203. The results were the same as on

rev 9. On rev 50- two operations were desired, one an enginesring over
. and one over denied territory on rev 51. On this pass the load was nor-
mal but the load disable was issued too early, resulting in execution of a
command earlier than desired. The sequence of the following commands placed:
the third and fourth commands too close together, causing & timing cirecuit to .
inhibit the fourth command the first time it was encountered in the tape.

This resulted in the load getting back in sync with the desired operation.

The fourth anomaly occurred on rev 57 at On this pass the register
was loaded but not verified at- At the station the load was verified
and & load disable command was issued. A T/M Off occurred be‘bweer. and

. This closed the shift register but did not shift out the first word.
This resulted in a 200 command remzining in the output register and in effect
gave 33 cormands. This anomaly was not recognized because the first word of
the load was a 200 command. This is normal for the ISR and had not beecn docu-
mented before flight. The operation on this rev dccurreci 24k degrees south of
the desired location.

In sur.nﬁary twc loads were wrong due to a DSR malfunction, one load was
wron: duc to improper procedures, one load was wrong due to a human error,
and cix loads could not be verified due to a software malfunction. Only three
of thece resulted in loss of the desired targets.

On revs 9 and 22 where the DSR malfunctioned it appears the cause of
the w=lfunction was due to a tolerance buildup which prevented the shif't signal
to effect a shift-out of the first word when the load disable command was given.

Bolh of thes~ anomalies could have been corrected by recognizing the error and

L I e S Y PR sty e o o™
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retransmitting the load if the Auggie system had been operating properly.
The Auggie software was corrected by rev 38 and further anomhlies of this type
would have been recognized and corrected had they occurred.

The anomaly on rev 57 proved to be a proper operational mode that had
not been documented pre-flight. It was not recognized and corrected because
both the word in the output register and the first word in the load were 200
commands. This pointed ocut = potential problem area that could affect future
flights. That is the problem of loading a 200 command in the first position.
This prevents recognition of the shift of the first word into the output regis-
ter since the load "Enable" command clears the output register to a 200 command
condition. To prevent this from occurring on future flights the command genera-
tion programs are being modified to prevent a 200 command from being loaded in
the first position.

All other portions of the command system operated normally during the
ective portion of the flight and all commands jssued were received and executed

by the command system.

F. FORWARD MCTION COMPENSATION PERFORMANCE

The FMC programmer eccentricity function was inoperative after launch.
The function ocutput and position monitors indicated the motor was not driving
the potentiometer used for furction generation. The function output did
respond to real time selection of the start level which allowed adjustments to
obtain V/H match. The oblateness end yaw functions were normal and the On/Off
monitdr verified the starli command (SPC 27) was being received. A post event
2 test was conducted on the FMC programmer by slewing the orbital programmer
to allow the Brush 1b normally punched at 78°S northbound to occur over the

-tracking station. This confirmed opcration in the slew mode as the motor

L 5 A ER S |
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operated the potentiometer and end of cycle switch. From analysis of the avail-
able data the fallure occurred either in the normal mode oscillator or the wire
opened between K3 and the coniroller module.

The normal method of matching the pan camera operations with the V/H of
the ortit could not be utilized during this flight due to the-failure of the
FMC programmer. All operations were run at start level cycle rates, which
were nearly constant, being veried by the oblateness function only. Mismatch
was minimized by adjusting the programmer start level with the Real Time Command
function UHF-121.

Operations on revs 1 thru 5 had & very large FMC mismatich as the ramp
setting at the beginning of the mission was in a configuration consistent with
normal programmer functioning. Once the exact nature of the programmer failure
was determined information was provided for selecting the optimum start level
position for the desired latitudes of operation. Start level selection was
baced mainly on obtaining the least mismatch over prime areas.

The V/H match performance is shown in figures 3-3 through 3-€. It can
be observed from study of these V/H error plots, that good FMC match was
achieved by real time command. Conseguently image smear was held {o a-minimum

as discussed in Section 6.
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G. EXPOSURE CONTROL SYSTEM PERFORMANCE

The exposure control programmer failed after rev 21. The programmer
output was in position 1 at the time of failure and did not change after
rev 21. The SPC nonitor indicated the power was off at the programmer input.
From an asnalysis of the data it was concluded that relay £=1 remained latched
in the Off position due to a relay failure or a continuous ground on the SPEC
17 line. Control of the slit widths was done by UHF-101 afier failure of

the programmer.

H. CLOCK SYSTEM PERFORMANCE

The clock system operated normally throughout the flight. Good correla-
tion between clock and system time was obtained with the second order fit data
recommended Tor time correlation. Correlation eguations and constanis are as
follows:

First Order TFit

System Time = A0 + Al (clock time)

vhere:
A0 = -90849.613166 Al = 0.999999718401T
Sigma = 0.00392 No. of points = 259

Second Crder Fit

System Time + A0 + Al (clock time) + A2 (clock time)2

vhere:
A0 = -90849.632567 Al = 0.9999998033169
A2 = 0.754381437580716 D-13 Sigma = 0.00123341 |

No. of points = 259



I. PMU SYSTEM OPERATION
The PMU was & dual bottle system. Operation was normal with a gas
consumptién of 6.06 delta psi/min for 166.75 minutes of operate time. There

was 21C0 pei remaining at the end of the flight.

J. THERMAL ENVIRCNMENT

Temperature dats acquired by ‘the_ tracking station show that
panoremiz camera temperatures were within the specified envelope. A modified
paint pattern and increased lems insulation were utilized on this mission. The
resulting thermal environment was the best ever obtained. The forward looking
instrument had an sverage instrument temperature of 63 plus or minus 3 degrees F
throughout both missions. The thermal gradient on the lens cell was approxi-
metely 4 degrees F and transients were plus or minus 1 degree F. The aft looking
instrument had an averzge instrument temperature of 64 plus or minus 5 degrees F
throughout both missions. The thermal gradient on the lens cell was approxi-
mately 2 degrees F and transients were plus or minus one degres. Figures 3-8
and 3-9 show each instrument’'s rail temperature for rev 8 and rev 137. Figure
3-7 shows a graphicel plot of the actual average camera temperatures versus

the predicted temperature as & function of the beta angle in degrees.

XK. RECOVERY SYSTEM PERFORSANCE

12.1 -1 Recovery Systen

The -1 recovery capsule was successfully recovered by air catch
on rev €6. All re-entry cvents and jupact occurred within tolerance.

12.2 -2 Recovery Systen

The -2 recovery capsule was succecsfully recovered by air catch on

rev 147. All re-entry events and impact occurred within tolerance.
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L. SRV TAPE RECORDER SYSTEM

The“tape'recorder in the -1 recovery capsule performed normally and
all data was recorded and retrieved. The tape recorder in the -2 recovery
capsule failed to record during the flight after approximately six minutes.
The tape recorder was stopped in track 1 and was inoperative after recovery.
Analysis of the recorder indicated a transistor was burned open in the inverter
module which powers one winding c¢f the motor. The shorﬁ ¢ircuit was apparently
on the output lines or motor winding and could not be duplicated or found on

disassembly.

M. POST EVENT 2 TESTING
Post event 2 testing included:
1. Slewing the orbital programmer to allow Brushes 14 and 27 to occur
over a tracking station for analysis of the FMC programmer.
2. Operation of the instrument system in a stereo mode.
3. Iloading and readout of the DSR manually and automatically both for
ISR evaluation and tracking station experience in DSR procedures.
Post event 2 testing was successful with the Brush 1% and 27 chéckout
verifying the failure mode of the FMC programmer, the instrument operation
verificd camera failure, and experience wus gained in DSR loading procedures
and techniques by the tracking stations.
During post event 2 tesling the DSR malfunctioned on revs 207, 234, 237,
224, and 255. In all cases the first ISR command was not shifted into the out-
put register. These malfunctions are the same as occurred on révs 9 and 22,
and are assumed to be duc to tolerance buildup in the ISR logic components.
With properly operating software this type of anomaly can be recognized and

corrected, therefore they would not adversely affect an operational mission.

FESTY Chmepen e
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N. RADIATION DOSAGE L
Each recovery system on Mission 1106 carried a sealed packet of types
50-102 and Royal -X Pan film to determine the total radiation received at the
take-up cassette. Both film types had been irradiated by IMSC at various
jevels and the base plus fog densities plotted after controlled processing.
Following recovery the film dosimeter packets were removed at A/P and processed
with a pre-flight sample of the same film type and a sensitometric control
f£ilm. The resulting base plus fog density measurement of the dosimeter
strips was used to ascertain the total radiation level, The table below

presents the base plus fcg readings for the dosimeter strips and the radiation

level eguivalents.

Mission 1106-1 Mission 1106-2
Emulsion B+F B+F
Density Radiation Density Radiation
S0-102 0.10 0.1R 0.1k 0.4R
Royal Xpan 0.22 0.36R 0.27 0.52R

These levcls are far below those which will degrade the photography.

ﬂ:‘ T oy, PR
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SECTION 4

PHOTOGRAPHIC PERFORMANCE

A.  SUMMARY

Pan camera 313 was operational throughout the mission. The film supply
was exhausted on frame 81 of pass D135. Pan camera 312 was operational through
pass D105 at which time an anomaly described in the pré?ious section under
Flight Operations cccurred.

Portions of the photographic imagery obtained during Missions 1106-1 and
1106—2 are considered to approximate the best cbtained from the Corona series
to date. However, the quality of the total mission records does vary from
good to fair and the prime cause of this variation has been attributed to
changing atmospheric conditions. Although the quality of the photography from
the forward looking camera is rated somewhat better than from the aft looking
camera, an MIP of 105 was assigned to both mission segments. A high percentage
(80%) of cloud free photography is reported for this flight.

The DISIC terrain, starboard and stellar cameras were operaticnal through-
out both mission segments.

The DISIC terrain image quality is good and compares favorably with the
image quality obtained from Missions 1103 and 1104. The Stellar photography

recorded a full field of stars on both port and starboard cameras.

B. PANORAMIC INSTRURERTS
The forward looking camera produced 2950 frames (7778 feet) of photography
during Mission 1106-1, and 3046 frames (8027 feet) during Mission 1106-2. The

aft looking camecra produced 2952 frames (7842 feet) during Mission 1106-1 and

N A Ll P
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2182 frames (5765 feet) of 340k material plus 347 frames (911 feet) of S0-121
color material on Mission 1106-2. The forward looking camera, utilizing a
third generation lens, produced slightly better image guality by virtue of
its superior resolution than the aft looking camera.

The MIP of 105 on the -1 mission was selected on pass 32 over Indian
Springs, Nevada. The MIP of 105 on the ~2 mission was selected on pass 113
over Palo Alto, California.

The imagery on the first five (5) passes on Mission 1106-1 was severely
smeared on both pan cameras due to & V/H mismatch previously discussed in the
flight operations section 3. Some ihstances of smear (discussed in Section 6)
are present in other portions of the records but much less severe.

A malfunction of the starboard horizon camera shutter on the aft looking
instrument caused it to remsin open during the film metering cyecle four times
on the 1106-1 mission and once on the 1106-2 mission. The result was heavy
fogging in two frames for each occurrcnce of the anomaly. This is the normal
failure mode for this device, i.e., to fail open for one horizon camera shutter
cycle (equal to two main instrument cycles) and to close on the next H.0. shut-
ter command. Consequently the probability of & long term "open" failure is
contrary to the failurc mode.

Minus density spots were present in localized areas of a small number of
frames from the records of both cameras on revs 1 and 2. The spots vary from
pin point size to approx. 1/16 inch diameter and are repetitive on a three and
one-cighth inch pattern. This indicates that it is caused by transfer from a
onc inch roller of a substance affecting film sensitivity or developability.
Although the anomaly affects only a small area of the records, the same anomaly
occurred on Migsion 1104 and an investigation of the source and substance of the

contaminating material will be made.
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£ilm separation and the ;plice, the possibility qf the mylar splice contri-
buting to this anomaly cannot be overlooked. The in-flight T/M film depletion
signature produced on Instrument No. 2 is identical to the signature produced
by the end of the color material on Instrument No. 1. This indicates that the
last few feet of material on both instruments remained in orbit.

Experience has shown that mylar splices exhibit adhesive bleeding, causing
successive film wraps to stick together, resulting in shock lecading and tension
transients in the system. CR-6 underwent a similar experience in Hivos testing.
As noted earlier, a simiiar splice tore the material severely on a preceding
wrap and lifted the emulsion from the succeeding wrap. To eliminate the sticky
splice problem, all single emulsion type flight loads are spliced with permacel
instead of mylar. Since, however, the present CR system splice detector will
not operate properly with permacel splices 1t is necessary 1o use mylar splices
on all mixed emulsion flight loads. Investigation of improved splices including

permacel and ultrasonic types is in process.

D. DISIC CAMERA

The DISIC record from 1106-1 consisted of 606 feet of stellar photography
(2146 port frames and 2146 starboard frameé), and 1019 feet (2146 frames) of
index material. The 1106-2 mission produced 658 feet of stellar record (2499
port frames wnd 2500 starboard frames) and 993 feet (2262 frames) of index
record.

Both the stellar and index cameras functioned properly throughout both
miscions. Several norma) and characteristic merkings are present on the records
but they are minor anomalies contributing little or nothing that significantly
degrades the usefulness of the photography. The typical fog pattern, in many

instances more dense than norral, is present along both edges of the entire
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stellar record outside the format area with occasional spurs projecting
towards the center of the film near the time word. Approximately 75 port
and.15 starboard point-type stellar images can be detected throughout the
missions.

The index record contains very minor edge static intermittently throughout
both missions and there is evidence of some corona static present on the record
from the -2 mission. Some slight minus density spots which appear to be
caused by dirt or f£ilm emulsion particles on the reseau plate were present on
the record and imply continued attention must be given to cleanliness procedures

prior to flight. Particles carried by film cannot be completely eliminated.

E. CORN OPERATIONS

Controlled Range Network (CORN) operations were conducted over three of
thé six scheduled mobile and one of the five ingtrumented fixed corn targets
on Mission 1106. Three targets were not photographed because of inclement
weather and four targets were not photographed because the camera system was
not activated over the display areas. The resultant ground resolution values
obtained from the Military Standard 3-Bar and 51/51 "T" Bar Targets by subjective

analysis are tabulated below:

Line-of-Flight Bar Target
Location/Coverage Oriantation Target Resolution Range  Average
Indian Springs, Nevada Across c 6.0! 6.0°"
Pass D3, Frame 003 With C 6.8! 6.8
(Forward)
Pass D32, Frame 009 Across C 6.0" - 6.8" 6.5"
(ACt) With o 7.6' - 8.6 8.3
Las Veras, Nevada
Pass D32, Frame 008 Across 51/51 8.0' 8.0"
(Forward) With 51/51 7.1° 7.1

TOW CRERET)S
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Line-of-Flight Bar Target
Location/Coverasze Orientation Target  Resolution Renge  Average
Pass D32, Frame Olk Across 51/51 8.0 8.0°
(art) With 51/51 8.0' 8.0t
Mess, Arizona
Pass D48, Frame 007 Across 51/51 12.0" 12.0!
(Forward) With 51/51 6.4t 6.4
Pass D48, Frame 013 Across 51/51 16.0" 16.0"
(Af:) With 51/51 12.0¢ 12.0¢
Palo Alto, California i
Pass D113, Frame 005 Across 51/51 12.0! 12.0!
(Forward) With 51/51 5.7 5.7"

W?m‘» CEABETL
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SECTION 5

PANORAMIC EXPOSURE ANALYSIS

The primary variables on the panoramic camera exposure are scan rate,
glit width and filter attenuation. S8ince scan rate is adjusted to fit the
required forward motion compensation employed at the vehicle altitude, only
the slit width and filter remain to be selected for setting the nominal
exposure.

Since it was desired to maintain good photographic coverage as far
north as 60° latitude, the settings and filter selections were chosen using
a computer analysis of the nominal orbit parameters and illumination charac-
teristics. The forward-looking camera contained a Wratten 23A primary filter
and a Wratten 25 secondary. The aft-looking camera contained a Wratten 21
primary filter and a special purpose (W 2E + 2C + 0.5 N.D.) filter for the
secondary position to accommodate the required exposure for the S0-121 color

Tilm on the tail end of the type 340Ok. The slite selected are as follows:

Fwd Looking Aft Looking
sk 0.311" 0.234"
S3 0.249" 0.187"
s2 0.197" 0.154"
Sl 0.173" C o 0.144"
F.S. 0.252" | 0.197"

The nominal exrosure times of the pancramic cameras are shown as a
function of latiiude for passes D23, D67 and D113 in Figures 5-1 to 5-6 which
are representative of the mission. Superimposed on these plots are relative

distributions of camera operations for the portion of the mission represented

R R AL el P
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by each plot. The automatic exposure control éequence programmer failed on
rev 21 and the slit for rev 23 was in the failsafe position. Thereafter
the programmer was commarded during acquisition by Real Time Command. The
exposures achieved as shown by analysis of AFSPPF macrodensity data are
comparable to exposures achieved on other missions. The criterion used to
determine proper exposure is that minimum scene density should range between

"0.h4 2nd 0.9. The measurements are tabulated below:

Terrain Density Analysis of Exposure

1106-1 1106-2

Fud AfY Fwd AfY
Correct Exposure (0.4 t0 0.9 D min) 71.17% 77.10% 65.87% 68.97%
Overexposed { % 0.9 D min) 13.52% 9.09% 18.43%  17.73%
Underexposed { £ 0.4 D min) 15.314 13.81% 16.70% 13.30%

The percentages of correct exposures is somewhat less than normal which is
indicative of the failed slit programmer problem. Nominal correct exposures
for other CR systems have ranged from 70O percent to 85 percent of the total
samples.

Macrodensity measurcments supplied by AFSPPF are processed by computer
at A/P end result in the density plots showm in figures 5~7 through 5-18. Thesc
plots show representative terrain and cloud cover densities experienced by each

camera for bolh missions.
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IMAGE SMEAR AND VEHICLE ATTITUDE

A. 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
atrA/P which calculates the exposure time of each frame and compares the cémera
cycle rate with the ephemeris to calculate the V/H 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 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 six frames of all operations as the large
V/H error induced by camera stari-up is not reprecentative of the overall
system operations. The computer-plotted frequency distributions of IMC errors
and resclution limits are no longer included in this report, but are maintained
at A/P for reference, ac desired.

The gummary table 6-1 presents the maximum IMC errors and resolution
limits that existed during 90% of the photographic operations and the total
range of values during all operations that were computed. The cross track
resolution limits arc nominzl but the IMC ratio error and the along track
recolution limits are not within the normzl performance limits. As discussed
1n Section 3, Flight Operations, the V/H programmer failed at the start of the
miscicn and introduced a large V/H mismatch on revs 1 through 5, consistent

wvith normal prograrmer functioning. Smear was present on these revs and there-

J;Zf&ﬂﬁ CITFinr e es
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after was minimized by real time command during acquisition of the V/H pro-
grammer. ‘This is the primary cause of the above normal IMC error and along
track resolution limit errors, and is not attributable to vehicle attitude

errors.
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B. VEHICLE ATTITUDE

Vehicle attitude performance data were derived from reduction of the
Stellar photography by NPIC. These data are supplied to A/P, where computer
analysis provides charts and tabtulations of the distribution of attitude
angle and rate deviations.

Performance of the attitude control system was normal, and comparable
to recent missions. While any angular deviation will cause geometric varis-
tion in the photography and any rate deviation will tend to cause relative
image motion, the deviations for this mission are not considered degrading to
the panoramic photography. The'taﬁle below summarizes boih the total range
of attitude variation and that experienced during ninety percent of photo-
graphic operations:

90% Total Range 90% Total Range

Angle Deviation (deg.):

Piteh 0.71 -0.10 to +0.86 0.7k -0.06 to +0.92
Roll 0.26 ~0.16 to +0.42 0.23 -0.4k to +0.38
Yaw 0.50 -0.45 to +0.85 0.57 =0.5 to +0.90

Rate Deviation (deg/hr):

Pitch 23.6 -0 to +70 27.1 -60 to +95
Roll 23.9 -65 to +80 2hk.0 ~95 to +95
Yaw 24.8 -50 to +85 32.9 -55 to +100

(NOTE: Above data are for all but the first six frames of each forward-
looking camera operation. Data from the aft-looking camera are

similar.)




* . . L
TOP-SECREF/C  mecteor

Vehicle attitude: control is concluded to have been within the normal
performance envelope for both mission segments. Attitude deviations. or
rates 4id not contribute significantly to reduction of panoramic photo-
graphic quality. A comparison of ideal to actual yaw can be observed in

Figure 6-2.
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SECTION 7

FELIABILITY

Reliability estimates presented in this section begin with samples
taken from the Mural Program, M-7 system. As a result most of the Mural
Program and all of the "J" program have been included in the reliability
analysis. The DISIC camera (1100 series missions) is treated separately
from the Stellar-Index camera (1006 series missions).

Reliability estimates are shown for the Primary category that includes
the panoramic camcras, m2in panoramic door ejection, paylosd command and
conirol, peyload clock, and overall payload functioning on orbit. The
secondary reliability category includes the euxiliary camera functions such
as the DISIC and Horizon cameras.

Relisbility estimates deal entirely with {he payload. Only electrical
and mechanical functions are considered. Vehicle failures are not included.
Early reccvery is treated as a complete mission provided that early termina-
tion was nol caused by payload malfunction.

The following tabulation summarizes the reliability estimates for

Mission 1106. A 50 percent confidence level is used.

Primary Function Cpportunities Estimated
(M-7 and Up) To Operate Failures Reliability
Panoraric Cameras 234 3 98. 14,
Pancruric Camera Doors 138 0 99.5%
Courmmn? and Control 1h760 (Hrs) 2 96.8%
Cloxe 14760 (Hirs) 0 99.2%
Total Corbined Functions Above - - 96.7%
. Recovery Syclem 109 1 98. 4%
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