,, 4 0 ‘, J4 F Approved for Release: 2024/01/30 C05098943F

I \pproved for Release: 2024/01/30 C05098943]



C05098943 Approved for Release: 2024/01/30 C05098943

Tris Document Contains 289 Paces

. Novemeer 1967

PROGRAM REPORT

N‘:““‘MMM.‘“M"‘”

o

L — R

VOLUME
r 4

APPENDIXES 9 THROUGH 11

Approved for Release: 2024/01/30 C05098943



€05098943 Approved for Release: 2024/01/30 C05098943

CONTENTS

APPENDIX 9
PAYLOAD SUBSYSTEM ENGINEERING ANALYSIS REPORT

APPENDIX 10
POST FLIGHT REPORT

APPENDIX 11
ADDENDUM TO POST FLIGHT REPORT

Approved for Release: 2024/01/30 C05098943



€05098943 Approved for Release: 2024/01/30 C05098943

APPENDIX 9

PAYILLOAD SUBSYSTEM ENGINEERING ANALYSIS REPORT

Approved for Release: 2024/01/30 C05098943



C05098943 Approved for Release: 2024/01/30 C05098943

ﬁ//
R-004002-RH- 5

This document

consists of
. 263  pages.

Subsystem Engineering Analysis Report
Through 1 June 1965

7th Issue

Prepared by

EASTMAN KODAK COMPANY
Apparatus and Optical Division
Rochester, New York 1L650

Under Contract

AF-33(616)-7704

Approved by:

y ),14;”
/4
Zél&2¢64%322/£19j2—£2~> Date: 12 August 1965

Approved for Release: 2024/01/30 C05098943



c05098943

CONTENTS

Approved for Release: 2024/01/30 C05098943

TABLE OF CONTENIS

LIST OF ILLUSTRATIONS

LIST OF TABLES
INTRODUCTION

SECTICON 1 DESCRIPTION
1.0 General

1.1 Mission and Objectives of the Photographic Subsystem

1.2 Design Criteria

1.2.1
1.,2,2
1.2,3
1.2, 4
1.2,5
1.2.6

Visible and Photographic Areas
Image Quality

Modes of Operation

Standard Orbit

Camera Aiming Considerations

Photographic Performance Considerations

1.3 Photographic Output

1.3.1
1.3.2
1.3.3
1.3.4
1.3.5
1.3.6
1.3.7
1.3.8
1.3.9

Film Format

Image Size

Fiducial Marks

S1lit Tdentification Streaks
Smear Record

Data Tracks

Format Simulation

Stereo Simulation

Interpretability

1.4 Numerical Summary

To.b,1
T.h,2

Photographic Output Data
Payload Package

Approved for Release: 2024/01/30 C05098943

Page

vii
xi
xiii
1-1
1-1
1-4
1-6
1-6



€05098943 Approved for Release: 2024/01/30 C05098943

TABLE OF CONTENTS (continued)

Page

1.4,3 Payload Camera 1-52
1.k.k Payload Film _ 1-53
1.4.5 Image Motion Compensation 1-53
1,4.6 Optical Aiming 1-55
1.4.7 Data Recording 1-55
1.4.8 General Data 1-56
1.4.9 Photographic Subsystem Requirementé on Other 1-56

Subsystems

SECTION 2 GRAPHIC DIAGRAMS 2-1
2,0 General 2=1
2.1 Payload Dimensions 2«1
2.1.1 C/P Space Allocation and Configuration 2-1
2.1.2 Engineering Model 2=-3

2.2 Companents 2=-3
2.2.1 Electrical Components 2=3
2.2,2 Supply Cassette 2=-7
2.2,3 7T7-Inch Lens 2=7
2.2.4 Component Support Tube 2=7
2,2.5 Stereo Mirror Assembly a-7
2,2,6 Camera 2-16

2.3 AGE Ttems 2-16
2.3.1 300-Inch Collimator 2-16
2,3.2 Test Console 2=22
2.3.3 Portable Test Set 2-22
2.3.4 Electrical Simulator 2-22
2.3.5 Cable Test Point Board 2-22

ii

Approved for Release: 2024/01/30 C05098943



(05098943

SECTION 3
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
SECTION L
4.0
b1

L.2

Approved for Release: 2024/01/30 C05098943

TARLE OF CONTENTS (continued)

2.3.6 Load Box

2.3.7 Command Monitor

2.3.8 Payload Lifting Yokes

2.3.9 Erector

2.3.10 Integration Lifting Yoke and Erector
2.3.11 Payload Shipping Container
2.3.,12 Record Viewer

DESCRIPTION DIAGRAMS

General

Photographic Record and Data Flow
Block Diagrams of theC/P Electrical Subsystem
Film Handling Subsystem Schematic
C/P Film Handling Logic

Focus Control Component Schematic
Cabling Subsystem Schematic

Thermal Control Subsystem Schematic
COMPONENT DATA

General

Structure

4,1.1 Structural Assemblies

4,1.2 Component Mounting

4,1.3 Payload Mounting

4.,1.4 Weight and Balance

C/P Optical Design

4,2,1 General Requirements

4,2.2 Lens Aperture

iii

Approved for Release: 2024/01/30 C05098943

4.6
4-8
L-8
49



C05098943 Approved for Release: 2024/01/30 C05098943

TABLE OF CONTENTS {continued)

Page

4,2.3 Focal Length L-g
L.2.4 Relative Aperture and f-Number L-10
4.2,5 T-Number of Optical System L-10
4,2.6 Lens Type bo11
4,2.7 Image Quality and Lens Accuracy Lo11
L,2,8 ZLens and Mirror Elements L-13
4.,2,9 TFlare Light L1k
4,2,10 Image Orientation and Film Motion Lh-1lb

4,3 Camera Design La1l
4,3,1 Design Requirements a1l
4,3.2 Camera Type Lo15
4,3,3 Film Platen and Drive L.15
4,3.4 Image Motion Compensation Lai6
4,3,5 Film-Drive Electronics L.18
4,3.6 S1it Aperture Plate and Filter 418
4.3,7 Time and Smear Recording L.23

L.4 TFocus-Control Component L.25
b.4h.1 General L.25
L. L.,2 Hardware Description L.27
4,4,3 TFocus Signal Outputs L.31
L,h.L Focus Instrumentation and Commands .31
4.5 Film Handling a3l
4,5,1 General Lo3h
4.,5.2 Film Environment and Tension L35
4.5,3 TFilm Handling Components L-36
4,5.4 Film Handling Logic L-Lo

iv

Approved for Release: 2024/01/30 C05098943



c05098943

L6

hot

4.8

4.9

SECTION 5
5.0
5,1
5,2

Approved for Release: 2024/01/30 C05098943

TABLE OF CONTENTS (continued)

Camera Aiming

4.6,1
4,6,.2
4.6,3

Alming Requirements
Aiming Drives

Northbound and Southbound Photography

Environmental Control

b, 7.1
L.7.2
ho7.3
L.7.4

General
Flight Test Through Ascent
On-0Orbit

Recovery

Camera Payload Electrical Design

b,8.1
L.,8.2
L.8.3
L.8.k
4L.8.5

Payload Power

C/P Commands

Camera Payload Instrumentation
Port-Open Telltale

Test Flug and Umbilical

Aerospace Ground Equipment

4,9,1
h,9,2
2“"11903

Purpose and Scope
AGE Requirements

Equipment Description

RELTABILITY

Reliability Program

General

Launch Phase Reliability

D.2.1
5.2.2

Liaunch Survival Demonstration

Launch Phase Reliability Estimate

Approved for Release: 2024/01/30 C05098943

Page
4oL
Lhla
L-43
L-U46
L-L6
L-L6
L-L8
L-L9
h-51
L-52
L52
L-55
L-59
L-60
L-60
L-66
L-66
L-66
L-69



€05098943 Approved for Release: 2024/01/30 C05098943

TABLE OF CONTENTS (continued)

Page
5,3 Orbit Operations Phase Reliability Sy
5.3.1 Mathematical Model of Orbit Operations Phase 5l
Reliability
5.3.2 Reliability of Amount Elements 5
5.3.3 Reliability of Quality Elements -9
5.3.4 Combined Reliability - Quality and Amount =10
Elements
5.4 Re-Entry Phase Reliability 5-10
5.5 C/P Reliability Prediction 5-12
Appendix A Welght and Balance Data A-1
Appendix B Sine-Wave Response 2-1
Appendix C Image Smear T
Appendix D Smear Budget O-1

Appendix E Exposure Modulation and Resolution E-1

vi

Approved for Release: 2024/01/30 C05098943



c05098943

Figure

1-3
1-4

1=5
1-6

1-7A

o

1-8

ot
i
\O

1-10
1-11
1-12
o-1
2-2
2-3
2-4
2-5
2-6
2-7

Approved for Release: 2024/01/30 C05098943

LIST OF ILLUSTRATIONS
Title

Launch Vehicle Configuration

Regolvable Ground Distance vs Altitude for Vertical
Photography

Modes of Photographlc Coverage

Time Interval Between Forward and Aft Sterec Locks
at a Point For Altitudes Between 70 and 150 n mi

Stereo Operation Schematic

Range of Crab Angles for 85-Degree Retrograde ‘
Flight at 95 Nautical Miles in a Circular Orbit

Response of a Perfect T77=-inch E/M.O Lens (with a
Rectangular Central Obstruction) to Monochreomatic
"D" Light (589 mu)

Response of Above Lens Degraded by a Gaussian
Manufacturability Function

System Ground Resclution vs Smear at 70 n mi
Altitude, for a Lens Resolution of 115 Lines/mm

51it Selection Parameters for the Programmable S1it
Plate

Film Format (Viewed from Emulsion Side)
Photographic Simulation of Area Coverage and Format
Stereoc Simulation

Camers Payload Schematic

C/P Engineering Model on Collimator

C/P Engineering Model on Truck

Electronics Packages

Film Supply Cassette Interior

Film Supply Cassette (film in looper)

T7-Inch Lens

vii

Approved for Release: 2024/01/30 C05098943

Page

1-3
1-9

1-11

2-5
2-6
2-8
2-9
2-10



€05098943 Approved for Release: 2024/01/30 C05098943

LIST OF ILLUSTRATIONS (continued)

Figure Title Page
2-8 Component Support Tube (lower half) 2-11
2.9 Lightweight Stereo Mirror 2-12 |
2-10 Stereo Mirror Support Assembly 2-13
2-11 Stereo Mirror (front) 2-1h
2-12 Stereo Mirror (back) 2-15
2-13 Camera, Exterior 2-17
2-1L Camera, Cover Open 2-18
2-15 Camera, Internal Components (Platen Removed) 2-19
2-16 S1it Plate (Viewed from Lens Side) 2-20
2=-17 300=Inch Collimator 2-21
2-18 Test Console 2-23
2-19 Portable Test Set 2-24
2-20 Electrical Simulator 2-25
2-21 Cable Test Point Board 2-26
2=22 Load Box Secondary Standard 2-27
2.23 Command Monitor 2-29
2-2L Payload Lifting Yoke ~ 2=-30
2-25 Vertical Lifting Yoke 2-31
2-26 Erector 2-32
2-27 Integration Lifting Yoke.and Erector 2-33
2-28 Payload Shipping Container 2-34
2-29 Record Viewerr | 2-35
3-1 Camera Payload Record and Data Flow 3-3
3-2 Electrical Block Diagram, Camera Payload (FM 1 and 2) 3-5
3-3 Electrical Block Diagram, Camera Payload (FM 3 and 4)  3-7

viii
Approved for Release: 2024/01/30 C05098943




105098943

3-7
3-8

3=10
3-11
Lol

hoo
. )4_,3

L6
L7

4.8
4-9

4-10
11

Approved for Release: 2024/01/30 C05098943

LIST OF ILLUSTRATIONS (continued)

Title
Electrical Block Diagram, Camera Payload (FM 5)

Electrical Block Diagrams, Camera Payload (FM's 6
through 12)

Electrical Block Diagram, Camera Payload (FM 13
and subsequent payloads)

Film Handling Schematic

Camera Payload Film Handling Loglc Diagram
Camera Payload Focus System (Effective FM 23)
Cabling System Schematic

Thermal Control System Schematic
Designation of Reference Axes

Expanded Schematic of C/P Optical Components
Camera Roller System

Camera Drive Schematic

20~cps Time=Track Format

Focus Assembly and Camera Position Schematic

Focus=Signal Characteristics at 107 n mi Slant
Range

Integrator Output Signal Amplitude vs System Focus
Position

Nominal Teke=up Velocity vs Fillm Footage on Take-up
Reel

Collimator Schematic

Test Arrangements for Collimator, Test Conscle, and
c/P

Probability of Operating for Mission,[]
Reliability Prediction for Photographic Phase

Demonstrated Minimum System Reliability Assuming
Succesg at Each Trial

ix

Approved for Release: 2024/01/30 C05098943

Page
3=9
3-11

3-13

3-16
3-20
3-22
3-24
3-26

I
ho17
419
Lok
L-26
L-32

L-33
L.bp

b2
b7

5=11
5-13



1C05098943

Figure
D-1A
D-1B
BE-1

Approved for Release: 2024/01/30 C05098943

LIST OF ILLUSTRATIONS (continued)

Title
Smear Probability Density - "A" Contributors Only
Smear Probability Density - Large "B" Contributors

Response of the G Lens in the Wavelength Region
0.480 to 0.720 Microns, for the Limiting Case of
Zero Smear

Approved for Release: 2024/01/30 C05098943

Page
D-4
D-L
E-6




1C05098943

Table
1-1

oy

h-2
4-3
bl
L5

L6
-7
‘l'. 4-8
5-1
5-2
A-1

D-1
D-2

Approved for Release: 2024/01/30 C05098943

LIST OF TABLES

Title
Cross Track Errors
Thermal Control Subsystem Component Identification

Film=Drive Speeds, Oszclllator Frequencies, and
Command Code

Servo Position Codes
C/P Operational Power Consumption
C/P Commands

Camera Payload Instrumentation Points (FM 21 and
Subsequent Payloads)

Camera Payload Test Points

C/P Unmbilical Points

Optical Data For Collimator
Reliagbility Estimate of Amount Elements
Summary of Photographic Quality Indices

Weight and Balance Data (Crab Servo on +Y Side of
Mirror Bridge)

Smear Equations

Smear Contributors

xi

Approved for Release: 2024/01/30 C05098943

Page
1-20
3-27
L-20

h-Llh
453
L-56
L-61

L-63
L4.67
L1
5-9
5-10
A-2

D-7
D-12



€05098943 Approved for Release: 2024/01/30 C05098943

INTRODUCTION

This is the last of a series of seven Subsystem Engineering Analysis Reports
prepared under paragraph 3.11.4 of Contract AF-33(616)-7704. The report
presents an analysis of the design of the Photogréphic Subsystem of a
Recoverable Satellite Reconnaissance System as of 1 June 1965. The general
technical direction and coordination of this compléte system 1s the responsi-
bility of Aerospace Corporation. Eastman Kodak Company (EXC) is responsible
for the development and production of the Photographic Subsystem, which
includes a Camera Payload and related Aerospace Ground Equipment. The
Camera Payload consists of a 77-inch focal length aerial camera and its

" associated airborne film-handling and control equipment. Aerospace Ground
Equipment is that test, handling, and auxiliary ground equipment that is
delivered te Vandenberg Air Force Base and GE which is used to prepare the
Camera Payload for operation in its intended enviromment.® General Electric
Company (GE) is responsible for the development and production of the sub-
system that provides an airframe, attitude control, a commanding system,
and electrical power for the Camera Payload while in orbit. GE is also
fesponsible for the development and production of the subsystem that provides
the Satellite Re-entry Vehicle that returns the exposed film to earth. This
exposed film constitutes the system output.

Each issue of the Subsystem Engineering Analysis Report is complete in

itself as of the closing date of the report period. The format specified

* In this report the special tooling, special test equipment, and special
industrial equipment used at EKC for test, fabrication, handling, or operation
of the Camera Paylcad was included under the general title of Aerospace
Ground Equipment because, in many cases, it igs identical with that equipment.

xiif
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in Section 3.15 of AFBM 58-1 was followed as closely as possible, although
this is not a contractual requirement. This format results in a report of

five sectlions.

Section 1 was written largely from a system concept of the subsystem. Starting
from mission requirements and the capabilities of film and optical systems,

a plan for the mission and the basic design parameters 'was established. This
evaluation was presented in an Initial Study Report (S~R-004). The material

of Section 1 reviews the concepts that underlie the desgign of the Photographic
Subsystem. Section 2 describes the payload by means of graphic diagrams and
photographs. In Section 3, block diagrams are used to present functional
interrelationships of subsystem components. Section 4 presents a more detailed
discussion and description of the major items of airborne and ground equipment.

Section 5 describes and discusses the status of the program being followed to

ensure subsystem reliability.

This report describes the expected characteristics of the Recoverable
Satellite Reconnaissance System when in full operational status. Although
modified mission and operating parameters were used on early flights for

test and reliability reasons, these will not be described in detail.

xiv'
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SECTION 1
DESCRIPTION

The Recoverable Satellite Reconnaissance System (RSRS) Aerospace Vehicle

consists of the following major flight components:

Q.

Launch Booster. Atlas, first stage booster; separates in

flight before orbit injection.

Satellite Boost. Vehicle. Agena, second stage booster;

separates after orbit injection.

Satellite Vehicle (S/V}. The orbiting photographic

satellite congisting of the following:

1.

Camera Payload (C/P). The Camera Payload portion of
the Photographic Subsystem consists of the flight
equipment required to collect visual information on

a photographic film, to transport and store this

film in the SRV (except for the film chute between
the supply cassette and the forward record storage
assembly), and the necessary C/P electrical eqguipment.

Payload Vehicle (P/V). The Payload Vehicle consists

of the Orbit Control Vehicle, the Satellite Vehicle
Adapter, and the Satellite Re-Entry Vehicle whenever
they are connected as a unit.

a. Qrbit Control Vehicle (OCV). The OCV is that
portion of the P/V which establishes structural
continuity between the Satellite Boost Vehicle
and the Satellite Vehicle Adapter. The COCV
houses the Camera Payload, the satellite programmer,
the battery power supplies, and other subsystems.

b. Satellite Vehicle Adapter (SVA). The Satellite
Vehicle Adapter is that portion of the P/V which

Approved for Release: 2024/01/30 C05098943
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joins the SRV to the OCV, containg the telemetry
instrumentation and communication subsystem, and
contains the record chute from the OCV to the SRV
with reguired thermal environmental control.

Satellite Re-Entry Vehicle (SRV). The Satellite
Re-Entry Vehicle is that portion of the P/V which
houses the recoverable capsule, forward record
storage assembly with exposed film, and the SRV
de-orbit propulsion, telemetry, and retrieval sub-
gsystems. The SRV supporting structure protects
the subsystems during descent from orbit through
re~entry into the earth's atmosphere to parachute
deployment. The recovery capsule protects the
exposed film and retrieval aids from parachute
deployment through air-snatch or water impact

and recovery.

A diagram of the launch vehicle configuration is shown in Figure 1-1. The

abbreviations given in the foregoing discussion are used throughout this

report.

1-2
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SRV ¥ T
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c/P
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Atlas

Figure 1-1. Launch Vehicle Configuration
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1.1 MISSION AND OBJECTIVES OF THE PHOTOGRAPHIC SUBSYSTEM

The objective of the Recoverable Satellite Reconnalssance System 1s to
photograph selected areas between 30° and 80° North latitude, The orbit-
ing vehicle was originally designed for operation at & nominal altitude
of 95 nautical miles, with special provisions for operation at a nominal
altitude of 116 nautical miles being made during early missions. The
Camera Pyaload was modified to operate over an altitude range of 72 & O
nautical miles for *ulL,7-degree obliquity angles for FM 7 through FM 10,
and 81+711 nautical miles, with the above obliquity constants, for FM 11
and subsequent payloads, Smaller obliquity angle requirements increase
the upper altitude limit. Photographs taken vertically from 95 miles
will resolve ground distances of 2 to 3 feet at the center of the field.

The exposed film is recovered at a preselected location within five days

after launch,

This program provides a Photographic Satellite capable of photographing
specific details of small, selected target areas and is not intended to
obtain large area reconnaissance. The vehicle has an obliquity alming

capability of approximately *Ll.7 degrees from the vertical. The camera
has a field-of-view half-angle of 3.2 degrees, Fhotography is possible

in the vertical direction and at forward and rearward stereo angles.

The camera photographs ground areas through a narrow silit near the camera
focal plane. Image smear is minimized by short exposure times and by
moving the film past the slit at nearly the same rate and in nearly the
same direction as the image from the ground moves past the slit, (The
film motion is called image motion compensation, or IMC). A crab adjust-

ment in the optical system corrects for the lateral velocity of the earth,

1-h
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Digcrete camera ON and interframe times are provided for stereo photography.

They are as follows:

Flight Nos. Stereo ON Times Stereo Interframe Times

1 through 17 2.0 to 12.5 seconds, in 3.2 to 17.9 seconds, in
0.7-second increments 2.]l-gecond increments

18 and subsequent 3.5 to 9.5 seconds, in 3.0 to 11.h4 seconds, in
O.h-gecond increments 1.2-second increments

Stereo pairs, lateral pairs, and strip photographs are normally programmed
within the rated dynamic capacity of the film-handling looper. The looper
capacity of approximately 25 inches (5.4 to 10.1 seconds of camera operation
for payloads after FM 10, depending upon the IMC velocity used) allows pho-
tography of ground scenes approximately 22 to 42 nautical miles in length,
which is adequate for most mission requirements. However, strip photographs
. can be programmed when necessary for intervals up to 102,4% seconds (in 0.1-
second increments)® with intermittent reductions of photographic quality due

to velocity variations each time the looper 1s emptied.

The ground area photographed in a single mission depends upon the number of
targets, available light, time from launch to recovery, and other factors.
A maximum capability of 600 stereo pairs has been specified. The C/P film
supply has a capacity of 3000 feet of Estar thin-base film, which is suf-
ficient to satisfy this requirement. Expoged film is delivered to the for-
ward record storage assembly in the SRV during C/P operation. Prior to the
recovery seguence, all unused film is normally transported to the forward

record storage assembly to increase the probability of a successful recovery.

This number is determined by the command system and is not a basic
limitation of the C/P.

1-5
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To increase the probability of program success, several changes were made
in mission requirements and configurations for early flights. For these
flights, the nominal operational altitude was increased to 116 nautical
miles. The Agena remained attached to the S/V and provided stabilization
during the photographic and SRV deboost portions of the mission. Obliquity
aiming was not possible and the photographic mission was limited to one or
two days. This mode of operation was known as Hitch-Up. The OCV was
separated from the Agena and re-oriented after SRV deboost, and was used

as an experimental unit for a short period of time. This mode of opera-

tion was referred to as 0OCV-Solo.
1.2 DESIGN CRITERIA

Some of the C/P design features are reviewed in this section. Parameter

cholices are based on a fundamental goal of keeping the orbiting vehicle

as simple and reliable as possible.

1.2.1 Visible and Photographic Areas

The S/V orbits the earth approximately 80 times in five days. The area

of interest is defined as the USSR, its satellite countries, and Communist
China. Approximately 39 of the 80 passes will be over this area (roughly
10.1 million square nautical miles) during daylight hours, for a total of
roughly 250 minutes during a five-day mission. However, the visible area
is not only a function of the number of orbital passes over the area, but
also of altitude, obliquity capability, and field of view of the camera
lens. At low altitudes, the area visible i1s limited by the maximum attain-

able obliquity angle. At high altitudes, the area selectable for photography

1-6
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is limited by the minimum available film-drive rate for IMC. The IMC

velocity limitation is more severe for stereo than for strip photography.

Nearly 100 percent of the area is visible on each mission using * L4, 7-
degree obliquity alming. Selected targets can always be made visible on
a specific mission by adjustment of orbital parameters. However, a
photograph taken with a large obliquity angle has lower quality (the
minimum resolvable ground distance is larger) because the slant range and

angle of view to the target are less advantageous.

The total photographable area depends upon S/V altitude, sterec angle,
obliquity angle, and upon preparation time for each photograph or stereo
pair. For example, a given mission may include 600 stereo pairs with an
average of 300 square nautical miles per stereo pair, The area photographed
in stereo will then be 180,000 square nautical miles, or nearly 1.8 percent
of the total, When strip mcde photography is used, the 3000 feet of film

is capable of covering up to 470,000 square nautical miles.

Camera Payload altitude and IMC ranges are shown in the following table

for O-degree stereo angle and an obliquity range of * LL.,7 degrees.

Camera Payload Nos. IMC Range Altitude Range
FM 1 through 6 2.0219 to 3.7845 inch/sec 95 £ 12 n mi
FM 7 through 10 2,7888 to 5.2200 inch/sec 72+t 9 n omi
FM 11 and subsequent 2.4841 to L4.6500 inch/sec 8l % 11 nmi

1.2.2 Image Quallty

One measure of image quality for a photographic system is resolvable

ground distance; that 1s, the distance between centers of two similar
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objects on the ground which can be just resolved on the photographilc
record. Because resolution varies considerably with changing objects (a
line is more readily resolvable than a spot), it is necessary to pick
some target shape for predicting resolution. For this program, resolution
predictions are based on resolving a group of three bars with a length-
to=width ratio of 5:1 having the space between adjacent bars equal to the
width of the bars. The contrast ratio of the bar target is 2:1, which is
the predicted contrast of the fine detail in a ground scene as seen from
above the atmosphere. For vertical photography from a satellite, resolv-
able ground distance is primarily a function of altitude, lens foecal
length, resolving power of the lens and film combination, image smear,
atmospheric effects, field angle, and subject contrast., Figure 1-2 shows
the approximate resolvable ground distance in feet at the center of the

field for vertical photography as a function of altitude in nautical miles.

1.2.,3 Modes of Operation

The capability for operating in many different modes can be bullt into
the 8/V. The C/P inherently allows almost all desirable modes. However,
to simplify both design of the OCV and programming, only three modes of
operation are commonly used. These are stereo palrs, lateral pairs, and

continuous-strip photographs.

1.2.3.,1 Stereo Pairs. Stereo photography is defined as two photographs of

the same area taken from different viewing angles. The sterec mirror is first

aimed forward and an exposure is made, The stereo mirror is then aimed aft

1-8
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toward the same general target area and another exposure is made from a

later position in the orbit. These photographs will produce a convergent
stereoc pair of the area of overlap with a stereo base-to-height ratio
dependent on the angle of convergence. With slight modifications in timing,
stereo pairs can be taken at any obliquity angle to provide stereo photography
of areas to the left and right of the ground track. (A sterec simulation is

shown in Figure 1-12.)

1.2.3.2 Lateral Pairs. A lateral pair consists of two photographs that

do not intentionally overlap but are parallel to the ground track and are
separated laterally. An obliquity movement of the S/V is required between
forward and aft stereo mirror positions to obtaln a lateral pair of photo-
graphs. A simplified diagram of a typical pair is shown in Figure 1-3.

This mode makes possible double swath widths for broader coverage without

stereo or the photography of two separate targets displaced laterally along

the ground track.

1.2.3.3 Individual Photographs. Conventional strip photography for record-

ing a continuous ground swath can be programmed to cover a long target within
the obliquity capability. This mode of photography is alsc indicated in

Figure 1-3.
1.2.4 Standard Orbit

The design of the C/P is strongly influenced by the orbit into which it is
to be injected. For this reason, the relationships between orbital parameters,
output requirements, and hardware design were studied. The output regquire-

ments place three primary restrictions on the choice of an orbit:

a&. The orbit must allow the vehicle to have a five-day life
with a minimum of orbit maintenance.

Approved for Release: 2024/01/30 C05098943
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~

. The orbital altitude must be low enough to provide for
2- to 3-foot ground resolution with a 77-inch §/h.0 lens.

c. The spacing of the ground tracks must provide the desired
coverage of the area of interest.

An orbit that allows the photographic system to fulfill the requirements

bty

for coverage, resolution, and lifetime was chosen and designated as the
standard orbit. It is circular, or nearly circular (see paragraph 1.2.4.2),

and 1t is defined by the following set of parameters:

Altitude: Average 05 £ 5 nautical miles
Instantaneous* 95 = 12 nautical miles

Tnclination: 80 to 105 degrees

Daylight equator crossing: A 1000 to 1L00 hours local time

later missions were equipped with higher IMC velocities to allow operation
at lower altitudes whereelliptical orbits with perigees o about 70 to 85 n mi

were used. For these orblts, verigee was usually lccated cover the area of

fterest, with the inclinstion cf the crbits and eguatcr crossing “imes
similar to the earlier circular corbits. 3By making a judicious selection of
epcgee altitude, an acceptable trade-off between coverage and lifetime is

1.2.4.1 Orbit Adjusts. Specific mission regquirements have dictated the

uge of thne OCV orbit adjust capability, generally to lower perigee altitude

The difference between the average altitude and the instantaneous
altitude 1s attributed to the fact that the earth 1s not a perfect
sphere, but is an oblate spherolid whose radius 1s approximately 12

miles less at the voles than it is at the eguator.
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over the area of interest. Orbit adjusts may also be used to vary the period
to ensure coverage of a specific target or to add energy to the orbit to counter-

act the effects of atmospheric drag or orbit injection anomalies.

Orbit adjusts normally result in uncertainty in the vehicle ephemeris
(particularly in-track) for several Revs afterward, until sufficient tracking
data has been accumulated. The uncertainty in in-track location requires
lengthened camera burst times to ensure proper target coverage. If the camera
burst times are extended beyond the capacity of the film looper, the take-up
motor will operate during the photograph and produce a region of banding and

degraded regolution on the film.

1.2.4.2 Altitude and Eccentricity. The altitude of the vehicle above the

earth depends on the orbital radius and the radius of the earth, with the

. orbital radius varying as a function of eccentricity and orbit decay. The
variation in orbital radius should be held to * 5 n mi for initial missions.
This variation may arise from eccentricity or from variation in the semi-
major axis of the orbit. In addition to the variation in orbital radius,
the radius of the earth varies with latitude. This deviation is approximately
5.8 n mi, using the radius of the earth at 45° North latitude as a mean.
Nominal altitude, defined as the mean altitude of the vehicle over a spherical
earth, is 95 n mi and average altitude is 95 * 5 n mi. This ig the altitude
range of the vehicle over a spherical earth resulting from variations in
orbital radius. Instantaneous altitude is defined as 95 * 12 n mi. This
covers the instantaneocus altitude of the vehicle over an oblate earth at any
time and includes variations caused by earth oblateness and orbital radius.
It is understood that for initial missions, any eccentricity and semi-major

axls combination which results in a departure in orbital radius of no more

1-13
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than 5 n mi from 95 n mi is acceptable. The low altitude missions will
require the use of orbits with eccentricities on the order of 0.02. (The
use of an elliptical orbit is dictated by the molecular heating of the S/V
at low altitudes). In addition, a large orbit-adjust capability would be

required to maintain a circular orbit at low altitudes.

1.2.4,3 Orbital Inclination. The prime requisite for the choice of orbital

inclinaticon is the coverage of the area of interest. The oblateness of the
earth causes the plane of the orbit to rotate about the polar axis of the
earth and the rate of this rotation is a function of the orbital inclination.
Because coverage of the area of interest depends on the spacing of the ground
tracks, it i1s necessary to chocse an orbital inclination which will provide
the desired coverage. (Exceptionally high or low inclination orbits will not
cover targets at far northern latitudes.) A nominal orbital inclination of

95 degrees has been specified, although specific mission requirements have

resulted in inclinations as high as 107 degrees.
1,2.5 Camera Aiming Considerations

S/V programming is affected by both orbital parameters and by camera
aiming (stereo, crab, and obliquity maneuvers). These effects are discussed

in the following subsections.

1.2.5.1 BSterec. Two views of a target area, at viewing angles of +15 and
~-15 degrees, from sequential positicns along the orbit produce a stereoc pair.
The necessary time interval vetween forward and rearward stereo views of

a target is primarily a function of altitude and obliquity angle. This time
relationship is shown in Figure 1-L, The diagram in Figure 1-5 clarifies

the stereo sequence.

1-1h
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T, Tl T2 T3 Th
! 1 i 1 o4
;
P )
X

Tl - TO = Preparation time for first shot of stereoc pair

T3 - Tl = Time between the stereo loocks at point P

T2 - Tl’ Th - T3 = Camers on time

‘T3 - T_ = Preparation time for second shot of stereo pair or

interframe time

e
[l

Point at edge of area to be photographed

1}

Region to be photographed in stereo

Figure 1-5., Sterec Operation Schematic
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Tl - TO is the time to make the necessary preparations for the first photograph

of the pair. These preparations may include S/V cbliquity positioning, stereo-
mirror positioning, crab adjustment, film-speed selection, opening the port

door, turning power on, and activating recorders. At time T., the camera is

l)
viewing point P on the edge of the area to be photographed. The camera

operates for a time interval T, - Tl to photograph the area. At time T?,

2
the camera ceases operation and preparations for the second half of the

sterec pair begin. These preparations include changes in stereo aiming, and

possible changes in S/V obliquity aiming and film drive velocity. At time TE’
the camera resumes operation and runs until time TM' Note that at time TB’

the camera is again viewing point P at the edge of the area to be photographed.

Time T, - Tl is thus the time interval between views of a point target and

3

is the time given in Figure 1-5 as a function of altitude and obliquity.

. In C/P programing,the time intervals T, - Tl and T, - T? are conveyed by

3

stored program commands. Time interval Tu - T, is always equal in duration

3

to interval T2 - fl. The sum of the intervals T2 - Tl and T3 - T2 should

correspond roughly to the interval T, - T. as given in Figure 1-4.

3 1

A set of times for each of these intervals wag chosen. They were selected
for the 95 n mi nominal orbits and were used for the low altitude missions

through Flight 17. They are listed below:

Interval Time (in seconds)
T, - Ty (Camera 2.0, 2.7, 3.4, k.1, 4.8, 5.5, 6.2, 6.9
ON time) 7.6, 8.3, 9.0, 9.7, 10.4, 11.1, 11.8, 12.5
T3 - T, (Inter- 3.2, 5.3, 7.4, 9.5, 11.6, 13.7, 15.8, 17.9,
frame time)
&
1-17
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Effective with Flight 18, the time intervals given above were changed to
optimize the performance of payloads utilizing the 70 n mi camera. They

are as follows:

Interval Time (in seconds)
T, - T, (Camera. 3.5, 3.9, 4.3, 4.7, 5.1, 5.5, 5.9, 6.3
ON time) 6.7, 7.1, 7.5, 7.9, 8.3, 8.7, 9.1, 9.5
T3 - T, (Inter 3.0, k.2, 5.4, 6.6, 7.8, 9.0, 10.2, 11.4

frame Time)

The capacity of the film looper is approximately 25 inches. If camera
burst lengths exceed this capacity, the take-up motor will empty the looper
during ‘photography and preduce a region of banding and degraded resclution

on the film.,

The lens provides a 6.Lk-degree field of view across the ground track. This
corresponds to a 7.8 n mi swath width for vertical photography from a 70 n mi
altitude. Swath width increases directly as a function of altitude and also
increases in proportion to the tangent of the cbliguity angle. When the

stereo aim angle is O degree, the swath width 1s determined using the follow-

v

: _ e 8
Swath width = h tanﬁj2+ 5} - tan[{]- é}

where h = vehicle altitude

§2= obliquity angle

ing expressiocn:

B = field angle of lens

Camera aiming maneuvers are normally programmed to place the target near

the center of the field of view to increase the probability of covering
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the full target area. In addition, placing the target near the center of

the field takes advantage of the high on-axis resolution of the lens.

During the time interval between halves of a stereo pair, the earth
rotates and the target assumes a different lateral position with respect
to the vehicle. For example, if a 9-second time interval 1s programmed
between halves of a stereo pair taken from an altitude of 70 n mi at 30°
North latitude, the target will move laterally about 2.3 n mi with respect
to the S/V. Therefore, to maintain the target near the center of the
Tield of view, a roll maneuver may be necessary for certain combinations

of orbit parameters, target location, and stereo interframe times.

If an obliquity maneuver is performed between photographs, the resulting
(cross-track) error in overlap between photographs can never exceed the
error resulting from the coarseness of the obliquity steps. This is about
+ 0.35 degree because the S/V attitude control subsystem provides 0.709-
degree obliquity steps. Under these circumstances, the apparent target
displacement error is * 0.43 n mi and the resulting stereo coverage is

7.8 - 0,86 or about 6.9 n mi, Obliquity maneuvers to take into account
the earth's rotation will not exceed 2 degrees, However, OCV roll

settling times can make such maneuvers impractical.

1.2.5.2 Aiming Requirements (Cross Track). Table 1-1 lists the major

pointing errors cross-track.

Because these errors are independent and random, their combined effect
can be estimated as the root-sum-square. The 3-sigma (3CY) value of
target displacement relative to the center of the field 1is * 1,11 n mi

for vertical photography at an altitude of 70 n mi.

Approved for Release: 2024/01/30 C05098943



C05098943 Approved for Release: 2024/01/30 C05098943

TABLE 1-1
CROSS TRACK ERRORS

Approximate Magnitude Error

Error at 70 n mi Altitude Squared
Discreteness of obliquity steps 0,43 n mi 0.1849
+0.35 degree (0.709 degree obliquity
interval)
Attitude (roll error) 0.7 degree £0.86 n mi 0.7396
Satellite position uncertainty 0.5 n mi 0.2500
(cross track)

Sum-sqguared error 1.2370

Root -sum-squared error £1.11 n mi

For stereo photography, coupled with this error is the error resulting from

movement of the target caused by the earth's rotation. If an obliquity
maneuver 1s programmed between shots of a sterec pair, the effective stereo
overlap is reduced by 0.86 n mi, and as much as 2.3 n mi (for a 9.0-sec
interframe time) if no maneuver is executed. The effective stereo coverage
is then 6.9 n mi and 5.5 n mi, respectively. Subtraction of the maximum
possible root-sum-square error from the nominal swath width shows that in
the first case there is a 3¢ probability of covering a 4.7 n mi target

and in the second case a 3( probability of covering a 3.6 n mi target.

A more general analysis was conducted for stereo photography at any obliquity
position to determine the tracking reguirements and the probable location of
the target within the field of view. The analysis for vertical photography
igs the limiting case, however, and established that the 0.703-degree obliquity

steps provided by the attitude control subsystem were adeguate.

1-20
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1.2.5.3 Crab Correction. Crab correction is used to compensate for the

apparent rotation of the image velocity vector as the §/V orbits the earth.
The velocity vector is made up of two components. One is the velocity of

the $/V, which is fixed for any given altitude. The other, which is much
smaller, is the velocity of the surface of the earth at the point being
photographed. Because the earth rotates on its axis with a constant angular
velocity, the velocity of a point on the earth's surface varies with latitude.
The second component therefore varies and produces rotation of the total image

velocity vector,

The range of crab angles for vertical photography between the poles and

the equator 1s O to -3.5 degrees for southbound photography and O to +3.5
degrees for northbound photography. A graph of this is shown in Figure 1-6,
The crab angle required is also a function of the stereo and obliguity angles.
The number of crab settings required for adequate compensation is determined
by the permissible image smear. Eight crab settings, with three command bits
required to program these settings, are currently available for either north-
bound or southbound photography. The choice of northbound photography (mid-
night launch) or southbound photography (noon launch) must be made prior to

the time that the C/P completes subsystem tests at the Missile Assembly
Building (MAB).

1.2.5.4 Tracking and Ephemeris Prediction Requirements. The location of the

satellite at any time must be known to command the S/V to photograph specific
targets. The S/V location must be predicted accurately enough to ensure that

a target of given size is included in the photograph.

The attitude error, accuracy of aiming, the obliquity angle, and the precision

to which the target position 1s known are taken into account to determine how

1-21

Approved for Release: 2024/01/30 C05098943



Approved for Release: 2024/01/30 C05098943

c05098943

3TQIQ JIBOOJIT) B UT SI3TIW TBOINEBN 46 98
1US1TI 9praIBCoILaY 98I99(~6Q I0J saTuy qea) Jo IJusy *g~T 2an81g

0t

5 389I99UT
) 30 woxy

o,
!
5
o

©
L
o
i
¥
gy
e
o
e
RS

9704 Uznog RS

e
&
%
5
&
o
&
%
'

.
%
&
3
o
&
'a2atel

punoquinoeg QRIS

3704 YIION SN

“
i
T
P,
o
8
3
3
e
a2 ale’ L)

)
O
o
o
<
o

o 2
oy

..
apn31q8T e
i

OO ¥ ¥ v i L

oom OO oom om&s ooa

OO0
R
XN
e
S
et
ety
ofete?,
X
e
e
s
S
XS
X
s
S0
ataty ook

!
o
)
!
.
)
&

,
e
ole et ottt e e et
R AN
IS R XK
| SRR

s
‘s
&
O
e
o
&

e

&
<
O\

3T0d Y340K
PUnoqui.IoN

1$9.19qUT JO BIIY

0"t 4

O.JH

122

Approved for Release: 2024/01/30 C05098943



c05098943

Approved for Release: 2024/01/30 C05098943

accurately the position of the S/V must be known. The ephemeris prediction

requirements differ for cross-track, in~track, and altitude,

1.2.5.4.1 Cross-Track Error, The analysis of cross-track aiming require-

ments given in paragraph 1.2.5.2 indicates that errors in tracking and
ephemeris prediction should contribute approximately £0.5 n mi to un-
certainties in the cross-track displacement of the target relative to the

vehicle.

1.2.5.4.2 In-Track Error. The in-track prediction error is less critical

because the length of the photograph can be varied to allow for system
errors and the size of the target. With an in-track prediction error of
2 n mi and a timing error of 0.2 second in the command to start photog-
raphy, an 8.2-second burst will ensure coverage of a target 28-miles long
from an altitude of 70 n mi. In addition, the discrete "on" and interframe
times provided for stereo photography can reduce the in-track stereo over-
lap. For example, an error of *0.2 sec (one-half the stereo interframe
time increment) will result in a loss of stereo coverage of about 0.8 n mi

at each end of the frame, at an altitude of 70 n mi.

1.2.5,4,3 Altitude Error. The smear considerations given in Appendix D

1limit the allowable altitude-prediction error to 0.5 n mi to meet system

performance requirements.

1.2.6 Photographic Performance Considerations

The requlirements of the photographic system are stringent because of the
limitations imposed by the objectives of the C/P. The requirements of the
photographic image and factors influehcing the resolvable ground distance
of the image are discussed to show how the 2- to 3-foot ground dimension
can be achieved by means of a photographic payload carried by an orbiting

satellite.
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1.2.6.1 Definition of Resolution. Resolution is a measure of the ability

to distinguish between closely spaced objects under specific viewing conditions.,
For example, a photograph is saild to have 2-foot ground resolution at a
specified contrast ratio when light stripes one-foot wide, one-foot apart,

and five-feet long, with a contrasting dark background are distinguishable

in the developed negative.

Resolving power depends not only on the quality of the optics but also on

the contrast of the target being photographed. Contrast of a bar-chart

test object is defined mathematically as the ratio of the brightness of the
light bars to the brightness of the dark background. The apparent contrast
of a target photographed from an orbiting satellite 1s greatly reduced after
transmission through the atmosphere. On the basis of extensive high altitude

aerial photography above the majority of the atmosphere, a test object with

a 2:1 contrast simulates the fine detail in the majority of the ground image

as seen from a satellite.

Thus, this contrast ratio represents an appropriate test condition and the
resolving power of the C/P is measured in the laboratory by photographing a
series of test charts at 2:1 contrast, as designated in Figure 7 of MIL-STD-1504,

using the collimator described in paragraph 4.9 of this report.

1.2.6.2 Measurement of Photographic Quality. The use of solid bars and

contrasting backgrounds is the familiar form of specifying resolutiocn. This
method does not lend itself to any known, well-defined method for analyzing
or synthesizing - photographic - systems component by component. Photographic-
image quality can be measured and analyzed, however, by transfer functions
frequently called sine-wave response, This method is analogous to the

determination of .the transfer function of electronic circuitry where each

Approved for Release: 2024/01/30 C05098943
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element in the optical system may be regarded as a low-pass filter. The
sine-wave response gives the bandpass characteristics of each optical ele-
ment as a function of spatial frequency. As is done in electronic circuiltry,
the susbystem can be divided into elements such that the output of each in-
dividual element is independent of the characteristics of the next element;
for example, the image formed by the lens at the film plane is independent
of the smear caused by the IMC errors. Under this condition and with the
assumption that the system is linear, the output of one element can be
treated as the input of the next element, Therefore, the sine-wave response
of each element can now be multiplied to obtain the combined effect of two
or more elements; that is, the total sine~wave response of the system. This
total i1s then used to mathematically obtain a measure of image quality as
presented to the film., Xnowledge of the film response characteristics

then makes "It possible to predict the performance of the system.

Because the output of the S/V’is intelligence information, the measure of
photographic quality should be related to information capacity. It’is theo-
retically possible to calculate the information capacity from measurements
of the sine~-wave response. Such measurements are tedious, however, and
would not be suitable as a production test. It is felt that with proper
consideration given to the scale and contrast of the detail to be recorded,
the measurement of system resolution will provide an adequate indication of

information capacity or photographic guality.

1.2.6.2.1 Sine-Wave Response. Sine-wave response curves used in deter-

mining system response are shown in Figure 1-7, Figure 1-7A represents

the calculated response of a perfect 77-inch f/ﬂﬂo lens to a target of 2:1
contrast ratio, However, perfect optics camnnot be achieved. Manufacturing
tolerances and imperfections are therefore assumed to follow a Gaussian

probability distribution; the perfect lens response curve is therefore

Approved for Release: 2024/01/30 C05098943
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degraded slightly as shown in Figure 1-7B. Mathematically, this procedure is
referred to as determining the response of the lens to a Gaussian spot have

ing a diameter proportional to the size of the manufacturing tolerances used.

A general discussion of the concepts used in sine-wave response analysis
is presented in Appendix B. The assumptions involved in establishing the
magnitude of the smear allowed and the method of conversion from linear
smear on the ground to the corresponding sine-wave response are given in

Appendixes C, D, and E.

1.2.6.2.2 System Resolution. Using the technique outlined in Appendix E,

the resolution of the system is calculated for varicug smear values. The
approximate ground resolution can be plotted as a function of smear. Such
& plot is shown in Figure 1-8 both for vertical photography and photography
at 30 degrees obliquity and 15 degrees stereo, and in each case for resolu-

tion parallel to and perpendicular to film travel.

-

1.2.6.3 System Design Goals. To achieve the system performance objective

of 2- to 3-foot ground resclution, specific design goals are required not
only for vertical photography, but also for photography at oblique-stereo
positions. These design goals are then used to establish the maximum

allowable smear for the S/V,

In a slit camera, the resolution of perfect optics may be diminished by a
difference in the motion of image points in the film plane and the moticn

of the corresponding points on the film, If these motions are not the same,
the image of the corresponding ground point will bé Spread out along the
direction of any such differences. The magnitude of this spread is called
smear and is usually projected back to the ground plane and measured at this

projection in feet.
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Ground Resolution (Feet)

Obliquity 30° Stereo 15°
K Obliquity O° Stereo 07 .

\ Parallel to Film Travel

2/\
Perpendicular to Film Travel

0 2 L 6 8 10 12
Smear (Feet on the Ground)
Figure 1=8, System Ground Resolution vs Smear at 70 n mi Altitude,

for a Lens Resolution of 115 Lines/mm
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For vertical photography, the design goal of 115 lines/mm requires that the
geometric mean ground resolution be 2.6 feet from 2 nominsl altitude of 95
n mi., For photography from 95 n mi at 30 degrees obliquity and 15 degrees
stereo, the design goal requires that the geometric mean ground resolutions
be less than 3.8 feet. (The design goal stated in terms of the geometric
mean resolution in the film plane is 115 lines/mm, However, recent improve-
ments in the optical system have resulted in increased specified resolution
levels. Effective with FM 21, the specified minimum resolution was 130

lines/mm. )

At 70 n mi, a camera system will have a predicted resolution of sbout 1.9
feet for vertical photography and about 2.6 feet for photography at 30
degrees obliquity and 15 degrees stereo. TFigure 1-8 indicates the allow-

able smear if a specified ground resolution is to be obtained.

1.2.6.4 Allocation of Smear. The total S/V smear is made up of the con-

tributions of smear production by the C/P, the OCV, and ephemeris prediction
uncertainties. A reasonable division of the total smear must be made as a
basis for allocating allowable smear to these contributing components., This
division of the total S/V smear can be determined from the magnitude of
smear expected in the operation of the C/P. It thé smear contributed by

the C/P is combined in a statistically prescribed manner with that of the
OCV and ephemeris-prediction uncertainties, the resultant must not exceed
the total allowable S/V smear. The smear formula and the method for com-

bining smear components are presented in Appendix D.

The allocation of smear to the OCV, the C/P, and the tracking subsystems

is summarized as follows:
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For 95 Nautical Miles:

Camera Payload (C/P)

Vertical photography 30° obliquity - 15° stereo
SX(C/P) = 0,83 £t SX(C/P) = 1,32 £t
Sy(C/P) = 0,35 ft Sy(C/P) = 0,49 ft

Orbiting Control Vehicle (OCV)

Vertical photography 30° obliquity - 15° stereo
On-axis Sx(ocy) = 0.31 £t Sx(ocy) = 0.77 £t

Iphemeris Prediction

Vertical photography 30° obliquity - 15° stereo

Knowledge of

= 0O B P
altitude SX(ALT) = 0.2l % SX(ALT) = 0,20 ft

For 70 Nautical Miles:

Camera Payload (C/P)

Vertical photography 30° obliquity - 15° gtereo
Sx(c/p) = 0.9 Tt Sx(c/p) = 0.77 ft
Sy(C/P) = 0,26 ft Sy(C/P) = 0,36 ft

Orbiting Control Vehicle (0Cv)

Vertical photography 30° obliquity - 15° stereo
On=-axis SX(OCV) = 0.17 £t : SX(OCV) = 0,52 ft
Sy(ocy) = 037 £t Sy(OCV) = 0.62 ft

Ephemeris Prediction

Vertical photography 30° obliquity - 15° stereo

Knowledge of

altitude Sx(app) = ©.2L £t Sx(aLT) = 0-26 7%
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The symbols SX and S_ represent the summation of smear contributors in
accordance with the procedures presented in Appendix D. I the S/V is
designed to these tolerances, the degsign goals stated in paragraph 1.2.6.3
will be met for vertical photography and for photography at 30 degrees
obliquity and 15 degrees stereo.

1.2.6.5 Photographic Material., The photographic film must have high

resolving power and must also be compatible with the exposure available.
A f1lm which meets these requirements is Kodak High Definition Aerial Film
(Estar thin base) Type 3404, This film is a photographic negative material

that has an extended red light (panchromatic) sensitivity.

It has low speed but fine grain. When developed, an image with excellent
resolving power i1s produced on the film. The 0.0025-inch-thick polyester

. support 18 coated with a thin emulsion layer, resulting in a final thick-
ness of approximately 0,003 inch. The width of the film in this applica-
tion is 9.460 inches.

A nominal length of 3000 feet of film wound on a 4-inch diameter core

results in a 13-inch diameter roll which weighs 52 £ 3 1b,

1.2.6.6 Exposure., Photographic exposure is the product of illumination

and time; that is:

E o= It

where E = eXposure 1in meter-candle-seconds,
I = 1illumination expressed in meter-candles, and
t = time that the illumination acts on the

rhotographic material in seconds.
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The exposure time must be selected so that the illumination-time combina-
tion results in an exposure within the useful range of the photographic

film under consideration.

For high-resolution satellite photography, it is desirable to use short

exposure times, thereby minimizing the image motion during exposure.

1.2.6.6.1 Exposure Time. For a strip camera, the exposure time is

expressed by the equation:

.. &
y
where t = exposure time in seconds
d = slit width in inches and
y = Tfilm veloclty in inches per second
The nominal exposure time (l/hOO second) was selected as the exposure time ‘I’

to be obtained when photographing at a slant range of 95 n mi. At many
stereo and obliquity angles and at all altitudes greater than 95 nautical
miles, the velocity of the film moving past the aperture will be slower and
the exposures will be longer than nominal. Prior to FM 13, the slit
aperture that was most appropriate for the mission was selected and position-
ed in the camera prior to completion of subsystem testing at the MAB. TFor
rhotographing targets having lower than nominal brightness, and those at
low sun altitudes, exposures longer than l/MOO second will be necessary to
expose Kodak Type 3404 Film correctly. Therefore, effective on FM 13, a
programmable slit aperture plate was installed in the camera for operation-
al photography. The plate contains three operational slits providing nomil-
nal exposure times of 1/L00, 1/200, and 1/100 second at a slant range of

95 n mi. A fourth slit is sometimes used for photographic testing while on-

orblit. BS1lit changes are programmed primarily to compensate for variations

1-32

Approved for Release: 2024/01/30 C05098943



c05098943

Approved for Release: 2024/01/30 C05098943

in sun angle, IMC velocity, and target brightness. Figure 1-9 contains

the sun angle and IMC glit-selection criteria.

1.2.6.6.2 Illumination. The luminance of a target depends on the illumi-

nation falling on the target area and the ability of elements within the
target area to reflect the incident light toward the camera. Every target
element becomes a secondary source of the illumination that is "seen" by
the camera and recorded on the film; exposure thereforedepends on the
illumination of the target area and its reflectance characteristics, and on

the absorption and scattering of light through the atmosphere and lens.

Exposure is selected so that the average minimum scene luminance is placed
s ‘Xﬂ I} 13 s s

at or near the speed point on the characteristic curve. This selection

of exposures will provide sufficient contrast for shadow detail (minimum

reflectance) and at the same time will use the minimum exposure time,

The available illumination for satellite photography depends largely on
the altitude of the sun above the horizon (solar altitude), The solar
altitude is a function of the time of day, the time of year, and the

geographic latitude of the target.

A graph indicating the increase in exposure and the required slit aperture
as a function of sun angle and IMC velocity is shown in Figure 1-9 for
the 70 n mi camera. A noon equator crossing was assumed for the calcula-
tion. The curves are extended to give the additional exposure required

down to and including twilight levels of illumination

“From extensive experience with high altitude photography, it was empiri-
cally determined that the correct exposure for an average aerial scene
can be predicted from the characteristic curve at the speed point., Speed
point is defined as the log exposure in meter-candle-seconds corresponding
to the point of the toe of the characteristic curve where the slope is
equal to 0.6 gamma., Gamma is defined as the slope of the straight line
portion of the characteristic curve.
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1.2.6.6.3 Photographic Speed of the Lens. The properties of the lens

which affect image brightness are lens speed and transmission.  For
objects at or near infinity, lens speed can be gpecified in terms of the
relative aperture which for the lens in this system is approximately'ifh.o
(actually £/3.95). Recent measurements have indicated that the transmit-
tance of the system is approximately 38 percent, giving a T-number of 6,4,
This includes the effect of the haze filter. The light which is trans-
mitted by the system and produces exposure on the film is limited to the

500~700 millimicron region,

1.2.6.6.4 Exposure Index. The exposure index is a number used to

degscribe the light sensitivity of a photographic material under fixed
processing conditions. The aerial exposure index 1s inversely proportional
to the exposuré required to produce the speed-point density and is defined

by the expression:

Aerial exposure index = é%
where E is the exposure in meter-candle-seconds at the speed point of
the film-characteristic curve. For aerial films, the speed point is de-
fined as the exposure for which the gradient on the toe of the character-~
istic curve is 0.6 gamma. The aerial exposure index corresponding to full
processing for Kodak Type 3L4OL Film is 3.6 and the corresponding speed-
point exposure is 0,138 meter-candle-seconds or a log exposure of 9.14 - 10

(1.14).
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1.2.6.6.5 Brightness of Target. The exposure required for Kodak Type

3LOL Film can be determined from the average minimum brightness level of

the target. The relationghip ¢f illumination in a photocgraphic image to

target brightness is expressed as follows:

]

where I illuminance in meter-candles at the image

i

N . ‘ . 2
B = luminance of the target area in lumens/meter
f = f-number of the lens
kK = transmission of the lens

lens f-number and transmission characteristics and the luminance

e
values of targets thotographed from high altitudes, it is possible to

4

For a target photographed from nigh altitude where the photographic scale

ig small, the areas of minimum scene luminance have calculated brightness
. 2 . . .
ima y 9593 Lumens/meter (890 foot-lamberts) when 5 percent

4+

X
1 S 3 I
haze is included, and at sun angles greater than 60 degrees. Measurements

(.

rade of observed minimurm scene Zuminances from previcus G-Program missicns
indicated that the average minimum scene luminance above 60-degree sun angle
could te as low as 800 foot-lamberts. The illumination produced at the film

vilane by each of these scene luminances is as follows (for a lens transmission

Percent haze is The contribution of haze to the apparent scene luminance
expressed as a percentage of an assumed nomiral solar scene luminance of
10,000 feoot-lamberts. Thus; 5 percent haze implies that 500 of the 890
foot-lamberts of average minimum scene Iuminance is contributed by haze.
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Calculated Approximate Obgerved
Average minimum scene 890 foot-lamberts 800 foot-lamberts
luminance
T1llumination at the 57.5 meter-candles 51.8 meter-candles
focal plane '
Exposure time " 1/k00 sec 1/400 sec
Exposure 0.1h4 meter-candle-sec 0.130 meter-candle~sec
Log exposure 1.16 1.11

Both of these values of log éxposure are near the speed point of LLOL
film (1.14).

It should be noted that the units of candles, lumens, etc. used here are not
identical with their photometric definitions, which refer vspecifically to

the spectral sensitivity of the normal human eye. For convenience in handling
data and interpreting photographic measurements, the spectral sensgitivity of
the film in combination with the optical system 1s substituted in the place

of the response of the eye.

1.2.6.6,6 8lit Aperture Selection. Prior to incorporation of the programmable

slit aperture plate, the most appropriate glit aperture for the mission was
selected on the basls of the projected launch date, launch window, orbital
inclination, and the distribution and priority of targets. For the programmable
slit aperture plate, Figure 1-10 shows the recommended slit as a function of

sun altitudé :and the IMC velocity. Corrections for variations in target
brightnegss must be made by the customer on the basis of individual target

characteristics.

1.2.6.7 Envirommental Effects on Film. Tests were performed on Kodak Type

3404 Film to determine the range of envirommental conditions that it could with-
stand. Major consideration was given to the effect of extreme temperature

and radiagtion.
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1.2.6.7.1 Temperature. Keeping tests indicate that Kodak Type 3bok Film
can withstand temperatures between 36 F and 90 F for periods of time greatly
in excess of the mission life. However, as temperature increases, sensito-
metric changes occur at a faster rate, and physical deterioration eventually
takes place. Kodak Type 340L Film may remain satisfactory for photographic
ugse provided a temperature of 125 F is not exceedéd. Above 125 F, physical
changes occur in this film and exposure to excessively high temperature can

cause adjacent layers in a roll to laminate.

Whenever the ambient temperature exceeds 90 F, temperature control 1s required
to ensure that the cumulation of high-temperature exposure of the film does
nct exceed allowable limits. Because film damage 1s a function of temperature
and time, the following integral is used to express the limitations on

a3

cumulation of time-temperature between 90 F and 125 F:

t
f
D < L )
2 dt = 4000 hours
t
o]
(7(t) - 90 F)
D = damage index = = ‘ <
zmage ——
5 ¥
to = tim= film is removed from conditioned storage prior to
installation in the C/P
t,. = time film 1s returned to conditioned storage after
- retrieval
T(t) = temper:ture of film environment at time t in degrees F

This limitation is based on 2 maximum relative humidity of U5 percent and a

maximum temperature limit of 125 F.
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1.2.6.7.2 Radiation. Radiation falling on a satellite with an unshielded
photographic payload can fog photographic film, The extent to which the
film is fogged depends on the tolerance of the photographic film to this
radiation, the radlation levels encountered by the satelilite, and the

duration of the exposure.

tudies were conducted tc determine the photographic effect of X-ray and
camma radiation on Kodak Type 3404 Film. The results of this study in-
vlcated that this film, like all other types, is more sensitive to low-
energy X-rays than to highw-energy X-rays or gamma radiation and that a

limited tolerance to these exposures exists.

All radiation effects can be expressed in terms of the amount of high-

energy gzamma rays that would be required to produce a given density. This
‘ type of data is called photographic roentgens. Laboratory tests indicate

that 3404 film will tolerate exposures up to approximately 30 photographic

roentgens.

To investigate the radiation levels encountered by the film on-orbit,

strips of radiation-sensitive test film were installed in the SRV during

Flight Nos. 8 and 15. The results of analysis of the film strips after
recovery indicated that the total radiation absorbed by the test film dur-
ing these missions was approximately 20 to 35 milliroentgens per day in

orbit. This is well below the allowable level for type 3404 film.

1.2.6.7.3 Haze and Cloud Cover. By reflecting sunlight, haze in the

atmosphere increases the apparent minimum brightness of a scene photographed

from high altitudes, adding non-image-forming light to the image-forming
light reflected from ground objects. The ratio of light resulting from haze
to light reflected from the ground is such that light from the haze is the
predominant factor in determining the minimum exposure. Haze has little

effect on the apparent brightness of light colored objects, but it increases
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the apparent brightness of dark objects and thereby lowers the luminance
range of the ground areas to be photographed. The reduced luminance range

limits the contrast range of the photographed image.

By limiting the width of the spectrum received by the film, the effects of

haze may be reduced, slong with the color aberrations of the optics. Because
haze is normally most intense in the blue region, a yellow filter is incorporated
in the optical system of the payload. This filter, which is a part of the

s1it aperture plate of the camera, is made of filter glass and has blue-light-
absorption characteristics. Other atmospheric effects, such as clouds, can
affect the illumination in some portions of the target area or increase the
average scene brightness. No exposure corrections, however, are made to

compensate for the effect of clouds.

1.2.6.8 TFilm Processing. Although processing of the photographic image .
ig not a reguirement of the Photographic Subsystem, knowledge of what processing

will accomplish is necessary for estimating the performance of the C/P. For

Y
o

o

this reason, a brief discussion of processing is included.

Many aerial films, including Kodak Type 340OL, lend themselves to a method

of variable processing referred to as interrupted processing. By this method
of processing, the apparent speed of the film can be varied, within limits,
without significantly affecting the contrast or density range of the developed
image. This flexlibility can be used in conjunction with the programmable slit

aperture plate to accommodate the variations in scene brightness which result

in a variable exposure.

Experimental data currently indicate that when the interrupted process is used,

film can be satisfactorily processed (full process) to obtain a maximum
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speed of 3.6 (with speed point corresponding to a log E of 1.14), an
intermediate speed (intermediate process) of 2.3 (with the speed point at
T.34), and a minimum speed (primary process) of 1.4 (with the speed point at
I.SM). All process levels will retain a gamma of 2.0 to 2.2. This technique
improves the capability of recording the entire range of scene luminances

in spite of variable minimum scene brightness.
1.3 PHOTOGRAFHIC OUTPUT

The output of the §/V is the exposed film recovered in the SRV. The elements

of’ the photographic image after processing are described below.
1.3.1 Film Format

In addition to the primary photographic exposure of the ground target with
fiducial lines along the sides, the film format includes two image strips of
smear-error information (called smear-slit images), time-data tracks, and slit
identification streaks. The fiducial lines serve to locate a point on the

film accurately with respect to the camera platen, regardless of film wander.
The smear-slit images serve the purpose of determining the degree and direction
of smear error existing at the time of photography. The time-data tracks
correlate photographic information with vehicle time. The film format is

shown in Figure 1-10.
1.3.2 Image Size

The image on the film is 8.718 inches wide including the smear-slit images

cn each side. The length of image will depend on such factors as target-

area coverage, vehicle altitude, and the time and/or mode of camera operation,
as determined by vehicle programming. The scale will range from approximately

1:66,000 to 1:112,700 depending on the altitude and look-angle used.
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1.3.3 Fiducial Marks

To minimize the errors in determining geographic locations caused by
lateral film wander, fiducial lines approximately 0.002-inch wide are
exposed along the edges of the primary image during camera operation.

These lines are produced by overexposing (by 1 stop) a narrow strip along
each edge of the film as 1t passes under the slit. These lines are located

between the picture area and the smear-glit image, as shown in Figure 1-10.
1.3.4 81it Identification Streaks

Effective with FM 16R (on Flight No. 22), slit identification data will

be recorded along the edge of the film on the side opposite the data-mark
side. The slits will be identified by overexposed streaks between the smear
slit images and the edge of the film. The number of streaks will correspond
to the glit number (that is, 3 streaks mean slit no. 3). The streaks are

illustrated in Figure 1.1Q,
1.3.5 Smear Record

The camera photographs ground areas through a narrow slit near the camera
focal plane. The image of the ground sweeps past the slit at a constant
velocity. Ideally, a sharp photograph is obtained by moving the film past
the slit at the same velocity as that of the image. The film motion is
called image motion compensation, or IMC. Smear is a degradation in photo-
graphic quality caused by errors in IMC, both in magnitude and direction.

It is minimized by short exposure times.

Post-flight analysis of image smear is permitted by smear-slit photographs:

along the two edges of the film. The aperture plate at the camera focal
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plane includes a wide and a narrow smear slit at each end of the main photo-
graphic slit. Each pair of smear slits is in tandem; they sequentially photo-
graph the same ground region and produce a double exposure, If IMC is not

perfect, corresponding details in the two recorded images are separated.

The two smear slits on each side of the film are sufficiently separated so

that image separation in the area of double exposure offers a magnified

(13:1 for the No. 1 slit) measure of image smear near the adjacent end of

the camera slit. Separation between smear-slit images on the film is therefore
a measure of the IMC error vector, Direction and magnitude of the IMC error

vector can be measured on each edge of the recovered film.

Analysis of smear-slit data can include continuous measurement of the x-component
(parailel to film motion) and y-component (perpendicular to direction of film

motion) of the smear slit image separation on each edge of the film. These .

data permit estimates of (1) smear for any part of the photograph, (2) vehicle

yaw error, (3) S/V roll position or obliguity angle, and (4) IMC error.
1.3.6 Data Tracks

Two data tracks are located between the left-smear-slit image and the edge of
the film (as shown in Figure 1-10). These data tracks permit the recording

of the §/V time and other pertinent data as a series of photographic code-
marks on the f£ilm. The data-signal configuration consists of time-mark bits
exposed for 0,001 second which are presented on separate tracks at 0.05-second

(20 pps) and 0.002-second (500 pps) intervals during camera operation,

A digital time label is presented in the 20-pps data track at intervals of 0.8
second, The time label references vehicle time on the film and is used to
identify each frame. The information provides a means for locating target

area.

1-LhL
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The data signal circultry is designed so that a pulse is deleted in the
500-pps track whenever a pulse occurs in the 20-pps track. Therefore, both
the 20-pps marks and the time label appear in the 500-pps track as a series

of missing pulses.
1.3.7 Format Simulation

The format of the photographic output is illustrated by the simulation in
Flgure 1-11. This photograph was printed from a negative transparency
having a brightness range of 5:1, Fiducial lines and simulated data tracks
were added artificially. It represeénts the scale obtained when photograph-
ing vertically from an altitude of 95 n mi. The dimension of the photograph
across the width of the film represents approximately 10.6 n mi.

The resolution obtainable is not shown because the mosaic that was used

. for this photograph does not have consistent three-foot ground resolution,

Just below the lower border of the image area in Figure 1-12 is a simula-
tion of a typical time track. A track of very small dots can be seen which
illustrates the location of the data marks with a time label periodically
superimposed on the same track., The time tracks shown in this simulation
are of the type that were used in early missions; no simulation of the

later mission (SOO-pps) time tracks is included.
1.3.8 Stereoc Simulation

The stereo prints shown in Figure 1-12 were made from a negative simulating
the quality of the ocutput of the Camera Payload. The prints were made
using conventional enlarging equipment at a magnification of 10X and they

have a low contrast resolution of about 5 feet.

1-U45
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The negative from which these prints were made corresponded to the typical
output of the Camera Paylcad. The scale of the negative on Kodak Type 3hol
Film was 1:90,000, and it had a ground resolution of 3 feet, The bright-
ness range of the scene photographed was 5:1. The sterec convergence angle

used was 33 degrees, 4O minutes.

1.3.9 Interpretability

The conventional method used to evaluate photographic quality is stated in
terms of a resolving-power test pattern. This method is good for categori-
cally classifying photographs according to the ability of the photograph to
define objects, but it is not a complete measure of the information which
is obtainable from a reconnaissance photograph. Many objects and forms
with dimensions less than the regolvable dimension can be seen. The char-

acteristic 1s notably ftrue of objects that are long and narrov.

Of more importance is the information that can be obtained from the size,

shape, contrast, brightness, positions, shadows, and patterns of the cobjects
in photographs. A trained photo interpreter can therefore make numerous
associations from information that cannot be described by a resolution test

pattern.

Stereo photography provides additional information beyond that from a con-
ventional aerial photograph. A sterec palr can provide information about
the height and movement of objects., The ability to determine the height
of objects in a palr of stereo photographs is defined as stereo acuity and
is approximated by the following expressions:
R
g g

T 5 tan 0/2
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Photographic Simulation of Area Coverage and Format
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Figure 1-12. Stereo Simulation

L=1;9
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where Rg is the ground resolutlon of the system and © is the convergence
angle. Using this expression, stereo acuity will be 2.1 feet with a 30~
degree convergence angle when operation at 95 n mi and O-degree obliquity

(2.8 foot ground resolution) is used as the basis for calculation.
1.4 NUMERICAL SUMMARY

The numerical values assoclated with the various system and payload param-
eters are summarized below, The numbers given are cérrect as of 1 June
1965. Minor changes in these values may occur as a result of changes in
system requirements and/or receipt of more accurate information. Unless
there are major changes in direction, however, the numbers in this summary

will not change appreciably in the future.

1.4.1 Photographic Output Data

A. Ground resolution 2 to 3 feet
(vertical photography)
B. Lens-film resolution 104 to 150 lines/mm at 2:1
contrast
C, BScale of photography
(95 n mi altitude) 1:90,000
(70 n mi altitude) 1:66,000

D. Width of photographed strip
(vertical photography, 95 n mi 10.6 n mi

altitude)
(vertical photography, 70 n mi 7.8 n mi
altitude)
E. Scene width on payload film 8.518 inches
F, ©Scene length on payload film Variable
G. Scene length on the ground Variable
H. Number of photographs 300-600 stereo pairs or

equivalent amount of con-
tinuous strip photography

Approved for Release: 2024/01/30 C05098943



C05098943 Approved for Release: 2024/01/30 C05098943

1.4.2 Payload Package
A. Weight (%2%)

C/P components in OCV 1079.5 pounds (without film)
C/P components in SRV 22.6 pounds (without film)
Film 52.0 pounds (3000 feet)
Total 1154.1 pounds

B. Dimension of C/P

1. Maximum diameter 54 inches
2. Length 190 inches {front of recovery
cassette to aft mounting plane)

C. Internal Pressure Environment

1. Payload in general Amblent

2. Film handiing On orbit - 0.10 psia max.
Ascent - ambient to ambient
+2.5 psig

1.4.3 Payload Camera

A. Camera type Strip

B. Exposures (nominal) 1/400 second with 0.0085-inch-
wide slit

1/200 second with 0.0160-inch-
wide slit

1/100 second with 0.0338-inch-
wide slit

C. Number of slits 3 photographic; 1 orbital test;
1 ground test
D. $S1it dimensions
1. Length 8.718 inches (including smear slits)
8.518 inches (without smear slits)
2. BSlit-to-film distance 0.007 inch
E. Lens
1 Type Maksutov
2. Focal length 77.0 £0.1 inches
3. Aperture 19.50-inches diameter
L. Half-field angle 3.2 degrees

150
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F. Filter
1. Type B and L Type Y-10
2. Spectral range, film and 500-700 millimicrons
filter

Focus Adjustment

(@]

1. Tyvpe Single grid, single detector,
dual channel with rotating
focus shifter

2. Range 0,010 inch
3. Platen Drive Rate 0.00025 inch/second (nominal)
4. Sensor Grid, detector, AGC amplifier,

signal-gating module, inte-
grators, and differential
amplifier

5. Focus drive Direct-current motor

1.4.4% Payload Film

A. Type Kodak High Definition Aerial
‘ Film (Estar Thin Base) Type 3L0L
B. Dimensions
. | +0.010 |

1. Width 9,460 ~0.005 inches

2. Length 3000 feet

3. Thickness 0,0030 *0.0003 inch

4. Base type Polyester

Weight 50 = 3 1b (3000 feet)
D. Roll dimensions

1. Core diameter L 1/L inches

2. Outer diameter 13 inches )
E. Film Tension 3.00 £0.25 pounds from FM 11R

and subsequent
3.50 0,25 pounds FM 1-10
1.4.5 Image Motion Compensation
A. Film drive

1. Veloclity Range ,
(95 n mi nominal mission) 2.0219 to
(FM 1-6) 3.7845 inches per second

1-53
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g63 n mi minimum mission) 2.789 to
FM 7-10) 5.220 inches per second
(70 n mi minimum mission) 2.484 to

(FM 11 and subsequent FM's) 4,650 inches per second

Image moticon compensation

tolerances
a. Average velocity +Q0,2 percent
b. Smoothness {BMS of +0.8 percent

velocity transients)
¢c. Velocity transients
(maximum)
Number of speed steps 64 + on/off
Speed change per step 1 percent of previous step
Drive speed command bits 7
required

+1.2 percent

Design Parameters

-5, L o +Lk,7°
-15°, 0%, +15°

Obliquity range

Stereo aim angle

Altitude ranges (for full
obliquity, but 0° stereo)

&. C/P 1-6 05£12 n mi
b. C/P 7-10 72+9 n mi
c. C/P 1ll-Subsq. 81£11 n mi

Operation Times Command Bits
required Range* Intervals
Camera on times:
Stereo photography b 2.0 to 12.5 sec 0.7 sec
Flights 1-17
Stereo photography i 3.5 tc 9.5 sec  O.L gec

Flights 18-Subsq.

Strip photography 7 0.1 to 102.4 sec 0.1 sec

all flights

* These ranges are determined by the command subsystem furnished by GE.
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Command Bits

Required Range¥* Intervals

2., ©Stereo pair interframe
times:

Flights 1-17 3 3.2 to 17.9 sec 2.1 s
Flights 18-Subsqg. 3 3.0 to 11.4 sec 1.2 s
1.4.6 Optical Aiming
A. Stereo
1. Positions -15°, 0°, +15°
2. Steps 3
3. Command bits required 2
B. Crab
1. Positions 0° to +3.5° or 0° to -3.5°
(selected before completion
of subsystem tests)
2. Steps 8
3. Angular intervals 0.5°
4, Command bits required 3
1.4.7 Data Recording
A. Smear recording
1. "Length of smear slits 0.100 inch
2. Smear slit spacing 0.108 inch
(center-to—center)
B, 81it identification slits
1. Length of slit 0.060 inch
2. Width of glit 0.004 inch
3. Slit spacing _ 0.010 inch
(center-to-center)
C. Data recording (2 tracks)
1. Track width 0.005 inch each

The electrical input for the time signal will come from another
subsystem. It is described in Section 1.4.9, item E,of this
sSummary.

*These ranges are determined by the command subsystem furnished by GE.
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1.4,8 General Data

Selected areas between 30°
and 80° North latitude during
daylight hours

A. Area of interest

B, Launch Parameters

\Jr w N H

Launch booster
Orbital booster
Launch time

Launch site
Launch direction

Atlas

Agena

1000 to 1400 hours or 2200
to 0200 hours

Point Arguello, California
Southward

C. Orbit (Original Design)
1. Altitude

Average 95 5 n mi

Instantaneous 95 12 n mi
2. Inclination

Range 80 to 105°

3. Period 38.0 minutes, nominal
i

Orbital
lifetime 5 days 5
5. W/CA 66 1b/ft

Early missions had an average altitude range of 116 % 13

n mi and an instantaneous altitude range of 116 £ 20 n mi
to avold orbit maintenance requirements. Later low orbit
missions used a perigee altitude of about 70 n mi and an

apogee altitude of about 200 n mi. The other parameters

will remain essentially the same.

D, Components recovered SRV with film

1.4.9 Photographic Subsystem Requirements on Other Subsystems

A. OCV Smear Allocation (70 n mi mission)

Smear resulting from attitude rates and displacements,
C/P-0CV alignment errors, vibration, and thermal dis-
tortion shall not exceed the following:
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Vertical Photography

. _ - :
On Axis SX(OCV) 0.17 foo
Sy(OCV) = 0,37 foot

Ephemeris Prediction Contribution

5. = 0.21 foot
bl

B. Position prediction over target

1. Xnowledge of altitude

2. XKnowledge of wvehicle
location

3. ZEKnowledge of target
position

C. Obliquity aiming

Pogition range
Angular Intervals
Command bits required
Angular Rate

Roll settling time

(WERNAOI

T 4

D. Electrical power from GE

Nominal input voltage
Instrumentation voltage

2.
E. Time recording signals

Time mark periods

Period between time
labels

Number of bits in time
label

L. Time label bit period
(mark and space)

Duration of time mark and
time label bit

P

W

1

30° Obliquity 15° Stereo

. = 0,52 t
Sx(OCV) 0.52 foo

0.62 foot

[

“y(ocv)

S = 0.26 foot

o

0.5 n mi

1.5 n mi - in track
0.5 n mi - &ross track
0.25 n mi

from +ul . 667 to -45.376°
0.709°

5
/4, 1-1/2, 3°/sec

6 sec (max

28 volts dc, unregulated
5 volts de, regulated

Data Track A Data Track B

0.05 second 0.002 second
0.8 second 0.8 second
23 23

0.002 second

0.001 second
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SECTION 2
GRAPHIC DIAGRAMS

2,0 GENERAL

This section presents the general arrangement and dimensions of the C/P

portion of the S/V in photographs and drawings.,

A C/P space allocation and configuration line drawing shows the relation-
ship of the various C/P components and their orientaticn within the S/V.

A list of the major component assemblies is given in Section 2.1.1,

Several photographs are included that show the location and configuration

of components as they appear in the C/P.

The brief descriptions and labeled illustrations in this section are
intended to gilven an over-all view of the subsystem and to provide o ref-

erence when: the detailed descriptions in Sczetion & are read.

n

.1 PAYLOAD DIMENSICHNS

Mo

.1.1 C/P Space Allocationand Configuration

The C/P consists of 1l major assemblies., These are: the camera, lens,
film supply cassette, forward record storage assembly, structure, stereo
servo, crab servo, focus control electronics, film-~drive electronics,
electrical distribution component, and cables., The location of these

7
0

assemblies can be seen in Figure 2-1
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Figure 2-1. Camera Payload Schematic -
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The electrical distribution components, film-drive electronics, and focus
control electronics packages are mounted on the component support tube,
which surrounds the 77-inch lens-barrel. Two servos, providing stereo and
crab movement of the stereo mirror{ are mounted to the stereo mirror support
structure. The structure assembly supports the C/P and attaches it to the
OCV. The film take-up cassette is integrally attached to the SRV.

2.1.2 Engineering Model

Figures 2-2 and 2-3 show the Engineering Model of the C/P mounted in a
cradle. The take-up cassette and chute, shown supported by the take-up
cassette bracket, are not part of the current C/P configuration. They are
now used, however, for EKC tests. Callouts on the photograph indicate the
location of the various components. The use of the truck and C/P 1ifting
yoke are shown as well as the arrangement used to mount the payload on the

collimator.
2.2 CCMPONENTS

2.2.1 Electrical Components

Figure 2-4 shows the arrangement of the electrical components that are
mounted on the component support tube. Callouts indicate the film-drive
electronics, electrical distribution component (distribution box, junction
box, test box), and the mounting location of the focus control electronics.

The location of the various cabling and the cable bracket is also shown.

2-3
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-2

1. Payload Positioner 3. Take-up Cassette Bracket 5. Forward Record

2, Lifting Yoke L. Collimator Storage Assenbly
6. Chute

(used for in-house testing)

Figure 2-2. C/P Engineering Model on Collimator
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1. Torsional Stop Pin 3. Camera Cover
2. Truck Lk, Supply Cassette

Figure 2-3. C/P Engineering Model on Truck
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1. Film Drive Electronics 3. Junction Box 5. Cable Support Bracket
2, Distribution Box h, Test Box 6. Focus Control Electronics
Mounting Location

Figure 2-1i, Electronics Packages
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2.2.2 Supply Cassette

Figure 2-5 shows the interior of the film supply cassette with the looper
empty. The supply reel location and various sections of the looper assembly

are indicated by callouts,

Figure 2-6 ghows the interior of the supply cassette as it appears when film

is installed and the C/P is threaded up.
2,2.2 77-Inch Lens

The 77-inch lens is shown in Figure 2-7. The camera mounting pads, diagonal
mirror, and pressure reliel filters are indicated by callouts. The Invar

stiffening ribs and the primary mirror cell are also clearly visible.
‘ 2.2.4 Component Support Tube

The lower half of the component support tube is shown in Figure 2-8. The
various heaters, thermostats, and instrumentation points can be seen.
Specific portions of the thermal control subsystem can be identified by

referring to Figure 3-10.
2.2.5 Stereo Mirror Assembly

Figures 2-9, 2-10, 2-11, and 2-12 show the characteristics of the stereo

mirror and its support assembly.

Figure 2-9 shows the front and back surfaces of the lightweight stereo
mirror used for the thermal mockup. This mirror was fabricated to represent
the type being used for the stereo and primary mirrors. The honeycomb

pattern of the sandwich and the two flat face plates can be seen clearly.

2-7
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1. Looper Position Semsor 3. Film Alignment Roller

2. Supply Spool Brake Band 4, Exposed Film
Figure 2-6. Pilm Supply Cassette (film in looper)
2=9
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l. Primary Mirror Cell 3. Camera Mounting Location
2. Pressure Relief Filter L, Diagonal Mirror

Figure 2-7. T7-Inch Lens
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TI-2

Component Support Tube (lower half)

Figure 2-8.
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S Pigure 2-9. Lightweight Stereo Mirror
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l. Stereo Mirror Support 3. Spherical Pads
2. Payload Socket Mounting k., Primary Structure Support
Ring Ring Assembly
. Figure 2-10. Stereo Mirror Support Assembly
2-13
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3. Stereo Mirror Support Assembly
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Stereo Servo

1.
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1. Crab Servo 3. Stereo Servo
2. Alternate Crab Servo 4, Bridge
Mounting Point

. Figure 2-12. Stereo Mirror (Back)

2-15
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Figure 2-10 shows the arrangement of the components that comprise the stereo
mirror support assembly and the forward spherical seat. The relationship
of the primary structural ring, the socket mounting ring, and the stereo

mirror support can be seen.

Figures 2-11 and 2-12 show front and rear views of the stereo mirror mounted

in its cell and installed in the C/P. The mirror mounting adjustment
devices, positioning servos, movable mask, and final assembly of the support
structure are shown., The relationship between the stereo mirror and the

77-inch lens can also be seen.

2.2.6 Camera

Figure 2-13 shows the exterior of the camera. The supply cassette and looper

assembly is attached to the cassette by means of a flexible joint at the
mating face shown in the photograph. The camera is bolted directly to the

lens barrel by means of the mounting feet shown.

Figures 2-1Lk and 2-15 show two views of the interior of the camera. Call-
outs indicate the location of such items as the platen, drive roller, camera

drive motor, and focus drive motor.

The slit plate contained within the camera is shown in Figure 2-16. The
two test slits and the three flight slits are indicated. A pair of smear
slits can be seen at both ends of each flight siit. The fiducial mark used

for alignment and line-of-sight measurements is also noted.

2.3 AGE ITEMS

2.3.1 300-Inch Collimator

Figure 2-17 shows one of the collimator installations at EKC that is used for
testing lenses and camera payloads. A section of the positioning table where

the payload or lens is mounted for photographic tests is shown in the fore-

ground of this photograph.
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1. Flexible Joint Mating Face

Figure 2-13. Camera, Exterior
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Camera Drive Motor 4 Data Lamp Housing
Camera Drive Roller 5 Focus Drive Motor
Upper Damper Roller with 6 Platen

Damper Arm
Figure 2-14, Camera, Cover Open
2-18
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o ‘ i ﬂg}

Pivot Flexures (Behind Wires) Tdler Roller

Camera Drive Motor S1it Posgitioner Detent Arm

Lower Damper Roller Data Lamp Housing

= oW
@ -3 O wn

Programmagble S1it Aperture Plate Platen Position Potentiometer

Figure 2-15. Camera, Internal Components (Platen Removed)
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300-~Inch Collimgtor

gure 2-17.

:
1

7
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2.3.2 Test Console

The C/P test console described in Section 4.8 is shown in Figure 2-18, It
ig used to operate both C/P equipment being tested and the ccllimator itself,
Several of the various panels contained in the test console are indicated

by callouts.
2.3.3 Portable Test Set

The portable test set, which has limited payload command and monitoring
capabilities, is used to operate the C/P to a limited extent when the C/P

test console is not available.(see Figure 2-19).
2.3.4 Electrical Simulator

Thig item, shown in Figure 2-20, is used to simulate the C/P during compati-

» bility testing. Its purpose is to énsure that the C/P can be electrically
mated with the OCV, SVA, and SRV and coperated without damage.

2.3.5 Cable Test Point Board

This item, shown in Figure 2-21, is used during C/P testing to provide g
means for meonitoring any interface cable. It consists of a jack panel and
sufficlent cabling to connect to the plug and jack of each interface con-
nector on the C/P.

2.3.6 ILoad Box

Figure 2-22 shows the load box portion of the secondary standard. This
equipment is used to test and calibrate the operation of the test console

(see Section 2.3.2).

2-22
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gec-¢

L. Test Drum Speed Control I, Payload Power Monitor 7. Instrumentation Test
2. Collimator Position 5. Instrumentation Patch Point Panel

Control Board 8. Payload Command
3. Target Illumination 6. Digital Instrumentation Control

Control Monitor

Figure 2-18. Test Console
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Portable Test Set

Figure 2-19.
2-2h

Approved for Release: 2024/01/30 C05098943




€05098943 Approved for Release: 2024/01/30 C05098943

A Y L LA RN
seepereceneesnd

gag ERER EpBEEE RE ¥
E1d FYYIII N A #

FHeE
ppesed 28

Figure 2-20. Electrical Simulator
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Figure 2-21.
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Figure 2-22.

2-27

: 2024/01/30 C05098943

Approved for Release



C05098943 Approved for Release: 2024/01/30 C05098943

2.3.7 Command Monitor

The command monitor is shown in Figure 2-23. It connects to the C/P test
box by means of the cables shown. It is used to indicate the state of all
C/P commands, to monitor the C/P operating voltages (28, 22, and 5 v dc) or
the output of any test point, and to check the continuity loop.

2.3.8 Payload Lifting Yokes

The C/P 1lifting yoke, shown in Figure 2-24, is used to move the C/P when it

is mounted in the cradle (see Figure 2-2 also). It is required when the C/P

is moved between the truck and the collimator, erector, or shipping container.
The vertical 1ifting yoke shown in Figure 2-25 is used to lift the payload

out of the cradle (in the vertical position on the erector) and into the OCV.
2.3.9 Erector

This item, shown in Figure 2-26, is used to rotate the G/P cradle, or other .

handling fixtures from the horizontal into the vertical position. This
operation is required before mating with the OCV, for weight and balance

measurements, and for vibration testing at EKC.

2,3.10 Integration Lifting Yoke and Erector

Figure 2-27 shows the integration 1lifting ycke being used to remove the
C/P dynamic simulator from a vibration fixture. This fixture has been

rotated into a vertical position by the erector.
2.3.11 Payload Shipping Container

The exterior of a payload shipping container is shown in Figure 2-28., The

casters shown are removable and are not attached while the container is in transit

2.3.12 Record Viewer

A record viewer used for viewing test film is shown in Figure 2-29. This

viewer has variable-gpeed motor-driven reels as well as adjustable iliumination

levels. .

2-28
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fting Yoke

1

o

Payload L

Figure 2-24,
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Vertical Lifting Yoke
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Figure 2-26. Erector
2-32
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1. ZErector 2. Integration Litting yoke

Figure 2-27. Integration Lifting Yoke and Erector
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Figure 2-28. Paylo
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Figure 2-29, Record Viewer
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SECTION 3
DESCRIPTION DIAGRAMS

3.0 GENERAL

This section provides a group of diagrams, accompanied by brief descrip-
tions, that indicate the function and pufpose of the elements of the C/P,
Included are (1) a data flow diagram for the C/P, (2) electrical block
diagrams, (3) schematics of the film handling, focus control, and cabling
assemblies, (4) a thermal control diagram, and (5) & logic diagram of the

film handling system.
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3.1 TPHOTOGRAPHIC RECORD AND DATA FLOW

Figure 3-1 is a block diagram of data and film flow through the C/P. It
outlines the primary operations of the C/P without indicating components

whose functions are secondary in nature,

The ground scene, reflected from the mirror to the 77-inch lens, 1is

focused on the film through the slit aperture plate. The slit aperture
plate also provides exposure control and permits the recording of fiducial
marks. The ground scene image, fiducial marks, time data, slit identifi-
cation streaks, and (through use of the smear slits) the total smear in

the photograph, are recorded on the film., The time data record is optically
recorded on the film by the use of electronically controlled light flashes
(see Section 3.2). The spools in the film supply cassette and in the for-

ward record storage assembly are mechanically isolated from the camera by

the looper (see Sections 3.3 and 4.5). The double arrows from the camera
to the looper to the forward record storage assembly represent the flow
of the film with its photographically recorded data. A general description

of the film format is given in Section 1.3.

3-2
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FILM : FORWARD
e L 0OPER -————=1 RECORD
SUPPLY STORAGE
CASSETTE ASSEMBLY
CAMERA
IFiouciaL sceNE |SMEAR]SLIT IDENT,
Ti ME MARKS IMAGE | STREAKS
DATA SLIT APERTURE PLATE pogggggtwe
RECORD i
77 - INCH LENS
POSITIONING
MIRROR =1 SERVOS
GROUND
SCENE
Figure 3-1. Camera Payload Record and Data Flow
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3.2 BLOCK DIAGRAMS OF THE C/P ELECTRICAL SUBSYSTEM

Detailed block diagrams of various configurations of the electrical portion
of the C/P dre shown in Figures 3-2, 3-3, 3-4, 3-5, and 3-6. As the diagrams
gshow, each assembly receives two inputs: power and commands. Each assembly
has a functional output. Only the electrical outputs have been indicated,
with the reallzation that certain assemblies (such as the stereo servo
assembly) have a functional output that is mechanical. Each assembly has

a secondary output that indicates the operational status of the eguipment
and is referred to as instrumentation. The C/P électrical configuration
used in FM's 1 and 2 is shown in Figure 3-2. Figure 3-3 shows the con-
figuration for FM's 3 and L4, Figure 3-4 for FM 5, Figure 3-5 for FM's 6
through 12, and Figure 3-6 for FM 13 and subsequent payloads.

3-k
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INSTRUMENTATION

Figure 3-2. Electrical Block Diagram, Camers Payload (M 1 and 2) 35
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3.3 FILM HANDLING SUBSYSTEM SCHEMAT IC

The film handling system is composed of 32 film-contacting rolling surfaces
located within three separately mounted components. The components are the
film supply cassette, camera, and forward record storage assembly. These

compecnents and the rollers are located as shown in Figure 3-7.

The following 1list ldentifies the components, subassemblies, and rollers

associated wibtn each suvassembly in the C/P film handling system,

Each of the rollers identified with a given subassembly is aligned angularly
with the other rollers in that subassembly. Each of the subassemblies is
aligned angularly with the reference surfaces in its respective component.
Both the film supply cassette and forward record storage assembly components

are aligned with respect tc reference surfaces on the camera,

Component Subassembly Rollers
Film Supply Cassette Supply Spool 1
Film Supply Cassette looper Assenbly 2,3,k,5,0
,8,9[,1@,1@;}
20,21,22,23,
2L,25
Eni < - ] - PRI 7 S T Ay
Film Supply Cassette Guide Rollers 26,27,28
R B i 14 16
Camera, Guide Rcllers 11,12,16,18
Camers Damping and isolation 13,15
Camera Camera Platen 1h
Camera Camera Drive 17
Forward Record Storage Digplacement
Compensation 29, 30
Forward Record Storage Guide Roller 31
Forward Kecord Storage Take-Up Spool 32
3=-15
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The path of the film through the film handling assembly may be traced by
following the sequence c¢f the numbered rollers. The function and purpose
of each of the rollers are indicated in the following list. By referring
to Figure 3-7 and the following list, the detailed functions of the film

handling system may be understood.

Roller Description
1 Film supply spool. This spool stores the unexposed

f1ilm for the C/P and supplies film to the {ilm supply
looper upon demand.

2 Tension sensor for supply-spool mecharnic servo brake
3.7, 8 , 9,10 Guide rcilers. These rollers control film direction
lO ,20,22,24 and position through the film handling system.
l:,t._/,;.)k.*

L,6,21,23 Movable rollers of film loopers. These roliers are

attached tc a movable truck in a track. Movement of
‘ the truck toward the camera will fill the camera

supply-storage looper (film between rollers 3 and 7)
and empty the camera take-up storage looper {£ilm

hetween rollers 19 and 2kL).

Tension roller. This roller pivots on a spring-loaded
arm and maintains film tension in the film handling
system. Switches moun}od at the low-tersicn extreme
of the tension-arm-travel opeérate the take-up motor
and tension instmumentation when tension ig lost,

\n

11,12,16,18 Camera guide rollers. These rollers control film
position and alignment within the camera.

1k Camera film platen. This rcller controls the ncsition
of the film with respect to the slit aperture plate in
the camera. The platen is positioned to ensure that
the film passing the aperture slit is exactly at the
focal plane.

n
N

Senses film quantity in supply cassette section of fi
handling assembly., Medium and fine ranges (O «282 fe
0 - b5 feet) used in FM 19 and subsequent piyloads
(see Section 4.5.2.5.1 for a listing of the ranges of
se sensors).
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Description

Guide roller which is also used to sense film guantity
coarse in take-up cassette. Coarse range of O - 1017
feet used on FM 19 and subsequent payloads (see secti

L10n
4.5,3,5.1 for a list of the ranges of this sensor).

Camera isolation rollers. These rollers are mounted on
pivot arms which are connected by a spring mechanism and
individually damped by arn cil-filled bellows arrange-
ment. They attenuate the high-freguency film-velocity
variation at the camers platen.

Camera drive roller. This roller is driven directly by
the camera drive motor. It is Necprene~covered and
utilizes a greater than 180-degree wrap to drive the
film.

Displacement compensation rollers., Thege rollers pro-
vide compensation for any displacement or migalignment
of the film that has occurred in the film handling systenm.

Take-up spcol. This spocl winds up the exposed 1"m a"d
D

stores it within the SRV until recovery and retr al ha
been accompiished. In additiocn, magnetic pickups loca ted
in the core of the take-up reel sense reel rotation (FM 5

and stubsequent payloads).
direction within each component is controlled Tty accurate angular
the internal rcllers The sidewise position of the fiim ig rnot
trne integrated effect of the angular alignment of <he

4 Y
/

Except for the flanged roller in the displacement comrersator (29;

\

all rollers are wide enough to accommodate gidewise movement of tThe film base

vnder all

Film motion

contreolled

corditions of film wander

3

direction vetween the film assette and the camera is

3
w
C

(o]

3
'«.A

“3
It

by accurate angular alignment of the cassette reference surflaces

with the camera reference surfaces. Film motion direction between tne Tilm

[@e)
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supply cassette and the forward record storage assembly is controlled by

the displacement compensator.

Accumulated angular misalignment of the film path is corrected at various
points in the film handling system by the use of pivoted rollers followed
by a wrapeangle controlling roller that also defines the corrected film
path., The four pivoted rollers (8, 19, 27, 29) used for correcting angular
misalignment of the film path are located as fcllows: before entering the
camera, after leaving the camera, before leaving the film supply cassette,

and after entering the forward record storage assembly.
3.4 C/P FIIM HANDLING LOGIC

Figure 3«8 is a logic diagram of the film handling assembly. It details
’ the condition and relaticnships between elements required for operation
of the variocus portions of the film handling assembly. Some of the major

relationships are:

1. Camera Start
4 A " 3 .
(a) When 28v dec is on, and
(b) When camera drive command is given, or

’ AY N ~ .
¢ Auxiliary record advance command is present

(not used in flight, for MSBE use only).

o

Take-up Motor Start

{a) When 28v Jc is on, and

(b) Film tension is not present, or
{c}) Take-up side of looper is full, or

(d) Take-up side of looper is not empty and camera is not on,

9]

Torque-Mctor Start
(a) When torque motcr command is given, or
(v) 28v dec is on, and

{c) When take-up motor is stopped.

3-19
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3.5 FOCUS CONTROL COMPONENT SCHEMATIC

Figure 3-9 ghows a gchematic of the focus control component. The mechanical
and electrical elements are located either in the camera or in the focus

control electronics package.

The 45-degree mirror is located near the camera optical axis and directs a
small portion of the ground scene through a rotating focus shifter disk
and onto the reticle and detector. Image movement across the reticle chops
the ground scene, causing the detector to generate an amplitude-modulated
signal. The focus shifter, by sequentially introducing two different
thicknesses of glass into the optical path, causes the image to be alter-

nately focused in two planes.

. Since the image focal plane is changing as a result of the action of the
focus shifter, two out-of-focus image conditions are alternately present
at the reticle. The detector output therefore containg two signals on
a time-shared basis. The signals are amplified, separated by the signal-
gating module, integrated to produce a d-c level, and then compared in

the differential amplifier. The difference signal can be monitored in

regl-time or via recorded data by an operator who then controls the platen
position by direct commands to the focus drive motor. This signal can also
be used in & closed loop mode whereby it controls the focus drive motor

directly.

3-21
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Input ‘
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Focus Shifter Sync @
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Drive Generator - S
Channel A
™ Integrator
Channel B ##4 Di fferential
Integrator = Amplifier
) CPL 21
w Max. Signal t=a- CFL, o2
n 9 Detector it * Inst. - <
Output }epr, 23
Selectay
CPL 20 _’ M}n Level : [
D Pact +4 oensor
CFL 27 Platen Losit}on !
wsf— Instrumentation
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1 Control
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Power from GE Auto  [Manual
Commands from GE
Figure 3-9., Camera Payload Focus System (Effective FM 23)
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3.6 CABLING SUBSYSTEM SCHEMATIC

Figure 3-10 shows a schematic of the C/P cabling. This schematic shows the
relationship of those components having electrical significance ag well as
the appropriste connector and cable identifications. UNote that all
connections which cross the SRV separation plane are provided by GE (the
OCV-SRV Associate Contractor). All connectors are standard Bendix Pygmy
connectors. The W-1 cable support bracket shown is considered part of the

cabling assembly.

Approved for Release: 2024/01/30 C05098943



Approved for Release: 2024/01/30 C05098943

c05098943

oT3EWeYDE WeqsAg ButIge) QT-¢ 2an3trg

ARG 5030
nu«..:o:‘&soﬁi#@n

PIRITHG
SOZE0L I T34S BOXM

IO HIYIWIHDG

R Ot SOLY NG NOIRRILE0

200415 yoa ARDwe

‘HQ Lo WeEPHA LA

|
TS0 ASHY X0 NOUNDASS

RGBS A6 BTV wrare g
1O8-Q08  WYETHIC MRIHTS
Yae 3 O -G ».M&J AR LM
SNl AnSY i -
5;5» By ORLGOU  ASSY RITY) RPN AGCY TTRD ZM \
BB DR ERET
§ LW WS oo o1 PATIG JwRe L3AR
e MW LY S0 h IORLNOD N |
YYD TEORMINY GBI HVEIQ 2 I i
ORI MLOMIZY
SLr-TL  OIESY TR0 106-H9 HNRITY AEGY 10119 HLANIZY
, GHCCH GRERECH F19¥ 908 IR ABSY OAFHS
G, PO IR
AR TI94S
acmamn
TESWD  ANREHS € L1008 . .
NI AGEY 961419 WRTOD XNFOE e A ARSY T
FW Y AOH WBLT ONE¥e ROUVATT X e - -
AP
1699 HOUSATTE ASSY e & 13 POV TY :
RN PXOYHALRS AGSY ONESS
~t
QJ
i
o

SOV -GG ABAY F e v %

PO 816

A3
POXAOR PRGN BE U
§ I 0SS

1)
£
W

VORIV NLTRNK
m S0 T T
§

; AR m}.r.ﬂwm.
BCOC G TR TELNCRCRAANG
W2Y-gR  B000

o ) ' ‘
NEAY FI LTI 4 ] ]
e ————— ¢ - :ul.wﬂw.k%%l
n EnEEEn 4 . »
e e o o e e VR R o IS I )
< ) ~ ! . i - - . I
NOLTRROGIN 19 ; [ri3omR

v
(A SLMOL »nw»qL

I

%

m W PRI LIV DX
! H m NG et 3G
:
GANGMI ANYAOD o) b Bl LOW AGEH GNI
& 333790 5¥
% Wmaoe AGEY 1NOH
(LA Giroa 16 < RO

. P
PLETHRITS

ANt BINGe

AN S LONUMNDD

MO NOILELNFMNB IS

_ SAMIOE TYIIBY B GUNIOT MO DL SO LS~

1
{
l
i
!
1
!
!
1
1
1
Gifldt BIMOS P SLOGM ARYARGD —) “
1
|
i
1
!
i
!
i
!
|
]
1
i
'

Approved for Release: 2024/01/30 C05098943



c05098943

Approved for Release: 2024/01/30 C05098943

3.7 THERMAL CONTROL SUBSYSTEM SCHEMATIC

A schematlc layout of the thermal control components Zs shown in Figure
3-11, This diagram shows the approximate location of the various elements.
These include both thermal control and temperature instrumentation com-
ponents. The numbered callouts are identified in Table 3-1. The heater
powers shown in this table are specified at a nominal voltage of 29,5 volts
dc. The thermistor probe temperatures sgpecified are turn-on temperatures

with turn-off temperatures as much as 0.6 F higher

3-25
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Figure 3-11. Thermal Control System Schematic
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TABLE 3] kS
THERMAL GONYROL SUBSYSTEM COMPONENT IDENTIFICATION TABIE 3-1 (contimied) INSTRUMENTATYON COMPONENT IDENTIFICATION
Heater Heater
System Sysbem
Tten b Conponert N Iben Yumber Gomponent Zoestion Item CGFL Fo. Deacpiption
1 2 Heater Controlier Primary Structural Ring, -Y 21 12 Thermistor Probe 59.8 F Camponent Support Tube, +Z LE 1 Camers Filw Path Demperature
2 3 Theymistor Prove 69.8 F* Primary Structural Ring, -Y EN 12 Heater 5.0 ¥ Component Support Tube, +Z il 2 Forward Record Storage Temperature
3 3 Heater 5.0 W Primary Structural Ring, -¥ 23 3 Heater Cantroller Component Support Tube, -Z 5 3 Stereo Mirror Differentisl Temperature, Face Sensor
4 U Heater Controller Primary Structural Ring, ~Z S 13 Tharmistor Prebe 69.8 F Component Support Tuve, -4 b6 3 Bterec Mirror Differential Temperature, Back Sensor
5 1 Thermistor Probe 69.8 ¥ Primary Structural Ring, -2 25 13 Heater 5.0 W Component Support Pube, -Z w7 i Sterec Mirror Temperature
& 4 Heater 5.0 W Primary Structural Ring, -Z 26 prs Hester Controller Component Support Tuve, =% g% 5 Lens Barrel Differentisl Temperature, Forward
7 5 Heater Controller Primary Structural Ring, +¥ 27 1h Thermistor Prove 569.8 F Componient Support Tube, - Sensor
o " i feerential . .
8 5 Pricary tursl Ring, ¥ 28 H Meater 5.0 % Component Support Tube, -5 ug s Lens Berrel Differential Temperatire, AfE Sensor
9 5 Henter 5.0 % Prigary Structural Fing, +% 29 15 Heater Controller Component Support Tube, -% 59 6 5-Degres Mirror Teaparaturs
10 3 Heater Controller Component Support Tube, Rear % 30 15 Thermistor Probe 69.8 ¥ Component Bupport Tube, -% 7 T Component Support Tuve Temperature, -¥, Sta 149
11 & Thermiskor Probe 69.8 ¥ Component Support Tube, +X 3 b5 Heater 5.0 W feaponent Support Trbe, -2 52 8 Component Bupport Tube Temperature, -¥, Sta 179
12 [3 Reater 2,5 W Componert Support Tube, Top, +X 32 1% Heater Controller Component Support Tube, +% 33 9 Component Swpport Tube Temperature, -Y, Sta 198
13 & Heater 2.5 W Compenent Sugport Tube, Bottem, +X 33 % Thernistor Probe 59.8 ¥ tomporent Suzport Tube, Top, 4 b Reference Volbage
i 10 Heater Controller Component Support Tube, +2 & 55 n Component Bupport Tube Temperature, -Z, Sta 179
15 10 hermistor Probe 69.8 F Component Support Tuve, 4% kL 16 Hester 2.5 W C)(émpensut Support Tube, Top, 56R% &l Supply Cassebte Film Path Temperature
3 0% © Tube, +2 57 BB 3 Stereo Mirror Temperature (Hardlise Data Only)
v v Semponert Buppers i, ¥ ® Heater 2.5W Component, Support Tube, E BT 4 Gomponent Support Tube Tewperature, -¥, Sta 17T
17 0 Heater Controller component Support Tube, +5% Bottom, HK > & (%isiiée ml’!" cuperature, -¥, fba 1
18 1 Thermistor Probe 69.8 F Component, Support Tube, +4 % 7 Heater Controller Gomponent Support Tube, +% .
19 2 Heater 5.0 W ) Component Support Tube, +2 37 7 Thermistor Prove §9.8 ¥ Component Support Tube st
20 12 Heater Sontrolier Component Support Tube, +3 Torsional Restraint Pin (%) CPL-5 changed to "Teas Barrel ATt End Dempersture” effective
28 17 feater 5.0 W Component, Support Lube at BN 13, Yo apeomplich thisc, Them hd was chavged bo s precisicn
Torsional Restraint Pin resistor. Item 40 is therefore CPI-5 for the current
e o eats (controliing to 7.4 ) Laced b 39 8 Heater Controller camponent, Support Tube, +2 (o0) ;i""é“"“‘”m“r o
grfective with FM 7, thermostats {eontrolling to 57.4 F) were replaced by s ; - Yiminabed, effective M 16
‘thernistor proves (sontrolling to 65,8 ), 40 18 Theraistor Probe 69 Component Suppart Tube, +2%
51 18 Heater 1.0 W Comgonent Bupport Tube, +%
4z pt:} Heater 1.0 W Component Support Tiube, +%

3~27
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SECTION 4
COMPONENT DATA

1,0 CGENERAL

This section describes the C/P component design including structure, optics,
camera, focus control, film handling, aiming mechanism, environmental control,
and the related power and instrumentation circultry. These components are
located in the OCV except for the forward record storage assembly which is
located in the SRV. This description includes the function, design, and
principal parameters of these components. Any modifications scheduled for

use in later flight units will also be described whenever possible. In
addition, this section includes a description of various supporting equipment,

generally known as Aerospace Ground Equipment (AGE).

L.1 STRUCTURE

The C/P structure establishes the position of and supports for the major
components and assemblies of the payload such as the lens, sterec mirror,
camera, and film handling assembly. The structure zllows the C/P to be
meunted so as to fulfill alignment requirements. It also provides the

support for the stereo and crab positioning mechanisms. (Sections 2 znd 3
contain photographs and drawings of the structural components.) The structure

also minimizes the effects on the C/P of satellite vehicle bending.
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L,1.1 Structural Assemblies

The structure consists of the following assemblies:

a. Payload socket mounting ring assembly
b. Primary structural support ring assembly

Component support tube assembly

O

d. Spherical bearing housing assembly

e. Stereo mirror support assembly

4,1,1.1 Payload Socket Mounting Ring Assembly. This assembly provides

the main support and mounting surfaces between the C/P and the OCV, It

is bolted to the OCV (at station 125.25) through three equally spaced holes
at a radius of 25.25 inches. This ring assembly also contains three equally
spaced sphefical mounting pads which form the socket portion of a ball and

socket joint. The purpose of this jolnt is to minimize the external forces

which are applied to the payload package (see Figure 2-10).

4,1.1.2 Primary Structural Support Ring Assembly. This assembly provides

the main structural support and reference surfaces for the C/P. Also provided
are the three spherical pads which form the balil portion of the ball and socket
joint formed by thils assembly and the payload socket mounting ring. The support
ring carries all longitudinal and some lateral loads imposed on the C/P by
environmental conditions, and transfers these loads through the ball joint
described in paragraph 4.1.1.1 It also provides mounting surfaces for the
stereo mirror support assembly, the 77-inch lens, the component support tube,
and the film supply cassette. The mounting surface provided for the 77-inch
lens (station 121.75) is also used as the primary C/P reference surface (see
Figure 2-10).

o
i
no
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L.1.1.3 Component Support Tube Assembly This assembly surrounds the lens

and camera assembly except in the area of the optical path., The functions

of the tube assembly are: (1) to provide support for film-drive etectronics,
focus control, and electrical component boxes, {2} to provide therma! pro-
tection for the lens apd camera by acting as a radiation shield and thermal
shunt to minimize temperature gradisnts, and {3} to provide structural
stiffening for the lens barrel. The ends of the tube assembly are thermally
grounded to the lens and to the structural comporients. The highly reflective

surfaces aid in maintaining an even heat distribution {see Figure 2-8). A
removable cover is provided for access to the camera. One end of the com-
ponent. support tube is supported by the primary structural support ring
asgsembly and the other end of the tube is attached to the aft end of the

lens (see Figures 2-2 and 2-3),

b,1,1.4 Spherical Bearing Housing Assembly. This assenbly is attached to

the OCV just aft of the 77-inch lens, It provides an iunterface mounting

Vi

point between the C/P and the OCV bulkhiead at staticn 210.5. All environ-
mentally produced lateral loads not borne by the primary structural ring
are supported and transrerred to thne OCV bulkhead by the spuerical bearing
nousing. Thils housing contains a uni-ball peariag which engages with a

[ .

stud on the aft end of the lens to transfer lateral lcads to the bulkhead

1 L

without imposing pvending muments on the lens tube.

Stereg Mirror Support Ass=mbly. Trne assembly consists of & main

structural support, ¢rabbling bearing tracks, a sterec-mirror crab pivotl,
sterec~-mirror piveot-pearing blocks, and mounting surfaces for the sterco

and crab control and drive assemblies. It aisc provide: mounting surfaces

for the forward end of the film supply cassette assembly. Under gravitational
loading, this assembly i1s capable of maintainiag the Y or plvet axis of the
gtereo mirror parallel to *thne plane of the reference surface of tne primary
structural support within O.C10 1nch over the length ¢f the pivol axils

{see Figures 2-10, 2-11, and 2-127.

o
H
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L.1.2 Component Mounting

4.1.2,1 77-Inch Lens. The 77-inch lens is rigidly attached at its forward

end to the primary structural ring. This mounting restricts the lalteral

and longitudinal movement of the lens. The aft end of the lens contains a
stud that engages with the uni-ball bearing of the spherical bearing housing,
an arrangement that provides lateral support for the lens, but allows freedom
for differential longitudinal movement. The spherical bearing housing and

lens stud is also the aft mounting support for the C/P (see Figure 2-7).

4,1.2.2 Stereo Mirror. The stereo mirror assembly is mounted to the stereo-

mirror support by means of bearing blocks supporied on a movable bridge.
This mounting arrangement allows the mirror two degrees of freedom for con-
trolled movement about the optical stereo and crab axes. Stereo movement

is achieved by rotating the mirror in the bearing blocke about an axis

parallel to the * Y axis (at O-degree crab angle). The movable bridge

1s pivoted at one énd and moved in bearing tracks at the other end by the
crab~-servo lead-screw mechanism to achieve crabbing movement. It is designed
go that the pivot point and the crab-servo atltachment can be interchanged;
therefore, elther positive or negative rotations can be obtained. The
capability of moving through the range of 0 to -3.5 degrees or O to +3,5
degrees must be selected prior to final subsystem tests at the MAB. This
movement of the bridge physically occurs about an axis parallel to the vehicle
X axis, but optically represents crab movements about the Z axis {see Figures
2-10, 2-11, and 2-12).

4.1.2.3 Camera. The camera is aligned and rigidly attached to the lens barrel.
The mounting pads used for camera attachment are shown in Figure 2-7. For
illustrations of the interior and exterior construction of the camera, see

Figures 2-13, -14, and -15.

L-k
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h.1.2.4 Electronics Packages. The component support tube is the support

structure for the electrical-distribution component boxes, the film-drive
electronics package, and the focus control box. These boxes are thermally

and electrically grounded to the component support tube (see Figure 2-4).

4. 1.2.5 Servo Mechanisms. The stereo servo is mounted to the bridge

portion of the stereo-mirror support and moves in crab with the mirror and
bridge assembly. The crab servo is mounted to the truss portion of the
stereo mirror support assembly. ZEach of these servos is mounted on a pivot

bearing. This mounting method allows the servo and lead-screw mechanism

to follow the motion of the mirror. Bending moments in the lead screw are

thereby avoided. A secondary effect of this mounting arrangement is to
convert the linear movement of the lead screw to an approximately linear

rotational movement of the mirror (see Figure 2-12).
4.1.3 Payload Mounting

As described previously, several of the structural elements are used to
support the C/P in the OCV. The main design goal of the mounting arrange-
ment used is to isolate the C/P from the OCV with regard to both mechanical
strain and thermal conduction. The strain isolation is achieved through
the use of ball and socket joints at both ends of the C/P. This allows the
OCV structure to bend, within limits, without exerting any significant
forces on the C/P. Such bending of the OCV may occur because of residual
stresses caused by assembly in a gravitational environment, loads imposed
during launch, and orbital thermal distortions. In additon, although the
ball and socket joint at the forward end supports the C/P both laterally
and longitudinally, the aft spherical bearing assembly incorporates a

longitudinal slip joint that allows the C/P and OCV to expand and contract

ke
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in length independently. Roll motion of the C/P within the OCV is restricted
by a torsional stop pin which engages with the OCV bulkhead at station 209.37
(see Figures 2-1 and 2-3). The total mounting arrangement of the 77-inch lens
can be thought of as a suspension between two universal (ball and socket) joints
with lateral support at each end and longitudinal restriction at onlty one._end.
The forward universal Jjoint is formed by the payload socket mounting ring
assembly and the primary structural support ring assembly and has a rotational
capability of 0.2 degree. The aft joint contained in the spherical bearing
housing assembly can permit differential rotation greater than 5 degrees and

a 0.5-inch longitudinal expansion or a 0.19-inch longitudinal contraction of

the OCV.

Thermal conductive igolation is achieved through use of fiber glass epoxy
insulation inserts at the forward mounting points and a Delrin housing for

the aft spherical bearing assembly. In addition, the thermal isolation of

the lens from the OCV is achieved through the attenuation of radiation by the

component support tube and S/V insulation.
4,1.4 Weight and Balance

L.1.4,1 Reference Axeg. Vehicle fixed-axis designations and nomenclature

are as follows (see Figure L-1):

Roll Axis X - The longitudinal axis of the vehicle;
negative in the direction of the SRV.

Yaw Axis Z - This axis is perpendicular to the roll
axis and parallel to the C/P nominal
line of sight and negative in the
direction of the earth.

Pitch Axis Y - This axis is defined by the right-hand
rule and is perpendicular to both yaw
and roll axes. ’

All positive rotations are in a right-hand sense.

L-6

Approved for Release: 2024/01/30 C05098943



C05098943 Approved for Release: 2024/01/30 C05098943

Figure 4-1. Designation of Reference Axes
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L.1.4.2 Data Reguirements. Weight, center-of-gravity location, and moments

and productsg of inertis are of importance in a satellite. Prior to shipment
from EKC, Rochester, the weight of each C/P is determined within one percent.
Maximum weight allocation for the C/P flight hardware is 1159 pounds, % 2

percent.

To achieve the location accuracies required for the S/V, the center-of-gravity’
of the C/P must be precisely located. A goal was established to position the
center-of-gravity of all C/P's within 0.5 inch of the geometric X axis of

the 8/V. The precise location of the center-of-gravity of each C/P must be
known more closgely. Prior to shipment from EXC, the center-of-gravity of

each C/P is measured to *0.05 inch in the radial direction and to +0.10

inch in the longitudinal direction. A table showing computed center-of-gravity

locations and weights for the various C/P components and a summary of the

totals, as of 1 June 1965, is given in Appendix A. There are no specifications .
for the moments and products of inertia of the C/P; however, their magnitudes

are obtained by calculation, and are tabulated in Appendix A.
L.2 C/P OPTICAL DESIGN

4.2.1 General Requirements

The fundamental design objective of the C/P is to photograph, from an orbit-
ing satellite, ground scenes with a maximum of detail. A second requirement
is to minimize the size and weight of the C/P. To accomplish these objectives,

the lens used must approech diffraction limitations.

L-8
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4L.2.2 Lens Aperture

The diameter of the lens aperture required is determined by the altitude
from which the lens is to be used and the minimum grouand dimensiocns to be
regsolved., The altitude and the minimum ground dimensiocn establish an
angular resolving power requirement. Angular resolving power of a perfect
lens is a function of the lens aperture and the wavelength of the light to
be focused and is:

Angular resolution = %r

{(high contrast)

where D is the diameter of the leng aperture, A i1s the wavelength, and C

is a constant depending on the criterion used to determine resolution

(C = 1.22 in the case of the Rayleigh criterion). The most efficient aperture,
. in terms of size and weight, is an aperture just large encugh to resolve the

size object required where the theoretical minimum aperture for the lens

alone 1s gilven Dby the above expression.

In actual design, the lens aperture is always larger than this theoretical
minimum to allow for loss of resolution as a result of geometrical aberrations,
target contrast, and effects of other elements. The minimum aperture diameter
capable of meeting the resolution requirements of this system 1s 19.2% inches.
To guarantee that this minimum aperture will be obtained after assembly. the

lens is designed with an aperture diameter of 19.50 inches.
4L.2.3 TFocal Length

The focal length of the lens 1s determined by the desired relationship or
scale Dbetween the ground and image size. The cptimum focal length is found

by applying sine wave responge techniques to determine the ground resolution

Approved for Release: 2024/01/30 C05098943
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for a range of focal lengths, each having a 19.25-inch effective aperture.

Based on such a study, a 77-inch focal length is considered optimum under

ideal conditions for photography with Kodak Type 3404 Film or its equivalent,

L.2.4 Relative Aperture and f-Number

Relative aperture ig defined as the ratio of the diameter of the effective
aperture (entrance pupil) to the focal length of the lens. This ratio,
together with the transmittance of the lens, determines the illumination

of the image or the speed of the lens. The notation most commonly used to
indicate the relative aperture or speed of a lens 1s the f-number, written
as £/U4, where the f-number (4) is the reciprocal of the relative aperture.
Thus, as the relative aperture increases, the f-number decreases, and speed

of the lens increases.

The f-number of the lens used (aperture = 19.50 inches) is 3.95 (or £/3,95).

4.2.5 T-Number of Optical System

The f-number as defined in paragraph 4.2.4 must be combined with the lens
transmittance (t) when used for exposure calculations. The lens speed is
stated in terms of a T-number which is defined as follows:

f=number
T-Number = =

N ot

The transmittance is determined photometrically and therefore takes into
account all light losses including those attributable to obstructions in
the aperture and the spectral absorption of filters, Measurements of the
transmittance of the C/P optical system indicate that approximately 38 per-

cent of the incident light flux will be transmitted to the film plane. This

4.10
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transmission of the lens is limited by the yellow filter (B and L Type ¥Y-10)

to wavelengths longer than 500 mp. Therefore, the

. . s .
T-Number = i = O, 4

4.2.6 Lens Type

The lens used is a Maksutov-type lens and has the advantage of using only
spherical surfacesg, It is a 77-inch focal length £/3.95 lens with a halfl
field angle of 3.2 degrees. The depth of focus ig £0.000% inches at the

image plane. The optical system 1s shown schematically in Figure 4-2.
L.2.7 TImage Quality and Lens Accuracy

. The quality of the image produced by the lens was demonstrated by photo-
graphic resolution tests performed on the lens by itself and as an integral
part of a C/P. Sine-wave response techniques, described in paragraph 142.6.2,
dre used to relate these resolution measurements to the predicted theoretical

performance of the lens,

To achieve the reguired image quality, the optical elements are precisely

located and mounted t¢ prevent distortion of lens and mirror surfaces. Tho
Lensg must maintain the best focus position within +0.0005 inch , or excessive

loss of resolution will result. To maintain this critical focus positiocn
throughout the mission, temperatures and temperature gradients are controlied
within narrow Llimits. Careful consideraticn was alsco given to the lens moants

and to the choice of materials used in the lens components.

* This value was determined from calculations based on criteria that inzlivded
f1lm response, film process control, and the manufacturability of the lens

formula.

o1l
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L.2.8 Lens and Mirror Elements

The elements of the optical assembly include both mirrors and lenses. In

the order that a light ray passes through the optical agsembly, these

elements are: the stereo mirror, the meniscus lens, the primary mirror,

the diagonal mirror, and two lens ' elements which make up the field-flattener.

L.2.8.1 Stereo Mirror. The stereo mirror is a 1/10 A plano mirror which is

mounted in front of the lens assembly. It reflects light from the target

into the main lens assembly. The stereo mirror can be positioned for either
vertical or stereo photography and is also rotated to the correct crab

angle (see Figures 247, 2-1l,and 2-12).

4.2.8,2 Meniscus Lens. The menisgscus lens is a concave-convex element with

very 1little optical power. This lens is used to correct the spherical
’ aberration produced by the primary mirror. At the level of performance
required of this lens system, the quality of the meniscus has a very significant

effect,

h.2.8,3 Primary Mirror. The primary mirror is a first surface 1/10 A spherical

mirror, the rear surface of which is made parallel to the front to ald thermal
and structural gtability. The primary nirror alone has a focal length of
approximately 84 inches. This mirror provides the principal focusing action

in the 77-inch lens assembly,

4.2.8.4 Diagonal Mirror. The diagonal mirror is a rectangular flat mirror

mounted in the center of the lens barrel on a hub supported by tubular Invar
arms welded to the front of the lens barrel. The diagonal mirror reflects
the light coming from the primary mirror through a 90-degree angle to direct

the light rays into the camera.

L-13
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L.,2.8.5 Field Flattener. The field flattener consists of two lens elements

in a cell near the film plane. As the name implies, a flat image plane is
produced. Chromatic aberrations are also corrected by the fileld flattener

elements.
L,2.9 Flare Light

Baffles are incorporated in the Invar lens barrel and the field-flattener
assembly to shield the focal plane from stray light. Experience with previous
lenseg of similar desgign indicates that the amount of extraneous light should

not exceed 1.5 percent of total light.
4,2.10 Image Orientation and Film Motion

The ground-scene image undergoes a complete inversion as it passes through the

lens agsembly. This simply means that the ground scene is inverted in the Y

plane. Because geveral changes in orientation of the image are involved,
Figure 4-2 is included to illustrate the relationship between the initial

ground scene and the final image recorded on the film,

4.3 CAMERA DESIGN

4.3.1 Design Reguirements

The function of a camera is to provide controlled exposure of the film on
which the image is to be recorded. To do thig, the camera must hold the film
in the image plane and control the time of exposure. An additional require=-
ment for cameras used in moving vehicles such as satellites is the provision

to move the film in synchronism with the image of the gcene during exposure.

L1k
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This provision is necessary to prevent smearing of the photographic image
because of the high speed of a satellite with regpect to the ground scene,

An external structure is also included as part of the camera assembly to
provide a lighttight enclosure for the camera mechanism. Figures 2-13, 2-14,

and 2-15 are photographs of the camera.

L.3.2 Camera Type

The camera is a strip-type, which continucusly exposes a narrow strip across
p-type, Y exp p

the film as the camera passes over the area being photographed. The image

is focused through a slit aperture ontc a moving strip of film. The exposure time
ig determined by the width of the slit and the speed at which the film moves
past the slit.

. The film is held firmly on a cylindrical drum (platen) whose diameter (L4.625
inches) is large enough to provide the necegsary film flatness in the narrow
area behind the slit., The velocity of the film is changed to match the image

motion.

The field of the lens covers the width of the photograph only. Because lens
gberrations increase rapidly with field angle, the strip camera performance
over a given format will be better than the performance of the frame-type

camera whose lens must cover the diagonal of the field.
_h.3.3 Film Platen and Drive

The film is wrapped nearly around the platen and moved at a constant rate
past the slit. Mechanical power to move the film through the camera is supplied
to a film drive roller by & hysteresig-synchronous motor, whose speced is

controlled by the film-drive electronics.

Lk-15
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The roller arrangement within the camera is shown schematically in Figure

4-3. The neoprene-covered drive roller (roller 7 in Figure L-3) is driven

by the synchronous motor through a gear box. Film drive without slippage

is ensured by a wrap of approximately 210 degrees around the drive roller,

The damping rollers (3 and 5) are mounted on pivot arms and are connected

by a2 spring mechanism to attenuate the high-frequency film-velocity variations
at the platen. Damping is provided by a fluid-filled bellows assembly coupled
to the pivot arms. The other rollers (1, 8, 2, and 6) are idler rollers that
guide the film into and out of the camera and provide correct film alignment

for the damping rollers.

The platen (which is driven by the film) has high inertia to help eliminate

high-frequency vibrations and a special coating to eliminate surface reflections.

4.3.4 TImage Motion Compensation

During photography, the film drive must provide a constant velocity to prevent
(1) variation in exposure which would produce bands of non-uniform density
(banding) and (2) differential movement of the aerial image and the film (smear).
To compensate for image motion over the expected range of altitudes and camera
aiming angles, provision is made for programmed film-velocity adjustments in
sixty-four steps in 1.0 percent increments. The velocity range and size of the
increments are derived from the required altitude, aiming parameters, and the
resolution requirements of the system. Changes in film-drive veloclty are
achieved by varying the power supply frequency. (The speed of an a-c hyster-
esis~-synchronous motor is directly proportional to the frequency of the supply
voltage.) The power supply frequency and voltage are altered from the nominal

by changes in the circuitry in response to a binary coded command signal.

L-16
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Figure 4-3. Camera Roller System
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4.3.5 Film-Drive Electronics

Variable~fregquency power for the film drive motor is supplied by the film-

drive electronics, a block diagram of which is shown in Figure L.k,

A binary command when received is used to actuate a relay-tree decoder to
select one of eight capacitors and one of eight inductors in the tank circuits
of a Clapp (series-tuned Colpitts) oscillator to provide the desired electrical
freguency. The output of the ogcillator ig fed into a constant volts-per-
cycle network which maintains an output voltage proportional to the freguency.
Thisg network is required to provide the proper input power and to match the
operating characteristics of the camera drive motor. This output is fed into

a phase shifter to achieve the two-phase power required for the synchronous
motor. The two phase-ghifter cutputs are amplified in separate circuits to

provide power directly to the motor. Use of a special low-voltage motor

has permitted direct coupling between the transistorized power amplifier and

the motor.

Tatle 4-1 shows the film-drive speed, electrical fregquency, and command code

associated with each of the 64 film-drive steps.

L.3.6 Slit Aperture Plate and Filter

The sglit aperture plate contains the slits which control expcsure. The three
exposure slits are 0.0085, 0.0169, and 0,0338 inch wide and are equivalent
respectively to exposures of 1/L00, 1/200, and 1/100 seconds, when used at a
film velocity of 3.381l7 inch/sec (Step No. 32). When operating at higher
velocities, the exposure time will be decreased proportionately. Each slit is
8.518 inches long wnd contains a fiducial mark at each end. Two setg of smear

slits are adjacent to emch slit pogition and two test slits are also included

L-18
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TABLE -1

FIIM-DRIVE SPEEDS, OBCILLATOR FREQUENCIES, AND COMMARD CODE
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2
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Oscillator
Frequency

__¢ps

290.92
293.83
296.77
299.75
302.73

305.76
308.82
311.91
315.03
318.18

321.36
324,57
327.82
331.10
33441

337.75
331,13
3kk, 54
347.99
351.47

354,98
358.53
362.11
365,74
369.39

373.09
376.82

Command Code

CB1 CB2 CB3 CBL CB5 CBb
o 1 1 0 1 0
[ 1 1 1 0 1
0 1 1 1 1 ]
0 1 1 0 0 1
0 1 1 1 0 0
0 1 1 0 1 1
s} 1 1 0 0 0
[} 1 1 1 1 1
1 0 0 0 1 0
1 0 0 1 0 1
1 0 0 1 1 0
1 0 0 0 0 1
1 0 0 1 0 0
1 0 0 0 1 1
1 0 0 0 0 0
1 0 0 1 1 1
0 1 0 o 1 0
0 1 0 1 0 1
0 1 0 1 1 [
0 1 0 e} 0 1
0 1 0 1 o 0
0 1 0 0 1 1
s} 1 0 0 0 0
0 1 0 1 1 1
1 0 1 0 1 0
1 0 1 1 o) 1
1 0 1 1 1 o
1 0 1 0 0 1
1 0 1 1 0 0
1 0 1 o 1 1
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4

in the slit aperture plate (see Figure 2- 16). A fiducial mark, used for
alignment and line-of-sight testing, is included on the edge of the wide
test slit. It is located on the -X side of the test slit and is 0.066-1

. f center in the +Y

5. The slit plate is potted into a frame which

supperts it in the camsra at a distance of 0.010 irch from the platen.

o

s1it aperture plate,

he slit numb lits produce exposed
the Tilm, and specify =1it number; 1.e., three steaks

two identify slit No. 2, ete.

slit aperture which was most appropriate for a given
migsicn was sslected and positioned manuslly by means of an sexternal position-
ing arm. Tnis operation was accomplished during testing at the MAB. Effective
FM 132, a s1it positioning mechanism was added to the camera. The slit

positioner ig capable of movine the slit aperture plate to any of 4 pcsitions

while on orbit. The positioner consists of a Geneva mechanism driving a

rack and pinicn arrangement, with a detent arm being used for accurate Tinal

A shaft enccder is used to provide digital to
analog conversion such that voltage, of the correct polarity, is applied to
a d-¢ drive mctor until the commanded position 1s reached. During ground
testing, the slit aperture plate may be commanded to a fifth position by
the use of an additional command tit. The orbital command code 1s as follows:
S1it Position CB20 CB21
A

(@]

0
1
C IS 0
1

S1it position changes can be accomrlished through the use c¢f stored commands.

Y e

s used for operatlionai photcography are normally manufactured

on yellow filter glass (B & L Type ¥-10) which limits the transmission of
Lhozo
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the system to light having wavelengths greater than 500 mu., The yellow
filter is used to subtract the short wavelength (Blue) light reflected by
atmospheric haze, because this light is non-image forming and thus decreases
the apparent contrast of the scene. The use of this filter also limits

the spectral bandwidth of the image to correspond more closgely with the
chromatic aberration corrections, improving resolution of the lens (the

exact increase is difficult to measure, but was estimated at 10 lines/mm).

With the incorporation of the programmable slit plate, a number of test
slits of different configurations were designed. In general, the use of
gpecific test slits is intended to:

a. Determine optimum exposure and filter combinations
for both black-and-white and color films.

b. Investigate the feasibility of photography over
the dark side of the earth.

¢. Investigate the characteristics of out-of-focus
imagery through the use of variable-thickness glass
blocks placed over the glit.

4.3.7 Time and Smear Recording

Two separate time tracks are recorded on the film through the use of light
pulses of l-millisecond duration. The pulses are repeated at 50-milligecond
intervals in the A (20pps) channel and 2-millisecond intervals in the B
(SOOpps) channel. In addition, a 23-bit time label generated by the vehicle
clock is presented in the A time track at intervals of 0.8 second. The
data-signal circuitry 1s designed such that a pulse 1s deleted in the 500
pps channel whenever a pulse appears in the 20 pps track. In this manner,
both the time label and the 20 PPs track can be obtained from this channel
by examining the missing pulse positions. The time tracks are not redundant
for 9.7 days, and are used to establish target locations and to make accurate
measurements of distances in the photograph. Figure L4-5 is a sketch of the

20 pps format.

L.23
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Smear information is also recorded on the film by using the smear slits
at either end of the slit aperture plate (paragraph 1.3.4). The smear
slits provide a measure of the magnitude and direction of the smear present

at the edge of the frame.
i L FOCUS-CONTROL COMPONENT
L.Lh,1 General

The focus-control component operates by analyzing a small portion of the
ground scene after the scene has passed through all Camera Payload optical
elements, except the slit aperture plate, After the image has passed through
a focus-shifter disc, a W45-degree mirror mounted in the camera and located
near the optical axis of the system directs a portion of the ground scene
image onto a reticle (Figure 4-6). The movement of the image across the
reticle produces an amplitude-modulated light signal, which is a function of
both scene contrast and the sharpness of the image at the reticle. Con-
densing optics then image this modulated light signal onto a photocell,
producing an electrical: output signal., The electrical output of the photo-
cell varies as two different glass thicknesses and therefore two different
focal planes are introduced into the optical path by the focus shifter disc.
The difference between the two outputs is directly related to the state of

focus of the primary optical system.

The focus control components are arranged so that the reticle is between,
and equidistant from, the two focal planes when the plane of best focus is
located at the film plane. It should be noted that the effects of scene
content are nearly the same for both channels, due to the rapid rotation

of the shifter disc (about 10 percent of the scene changes between channels).
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The focus-control component can be operated in three modes. The first is a
manual mode (F-1). The operation takes place over the Vandenberg tracking
station; focus output signals are telemetered to the ground and monitored
by the 126 console operator who then moves the platen by real-time command,
if necessary. The second mode of operation is called the remote record
mode (F~2). The outputs of the focus sensors are recorded on the vehicle
recorder over any sultable scene and then read out during the next tracking
station contact. The data is analyrzed, and any necessary platen movements are
sent by real-time commands during subsequent %tracking station contacts. The
third mode of operation (F-3) is automatic. The focus output signals are
used in a closed loop circuit to control the platen drive motor. The auto-
matic focus system is capable of positioning the platen to within £0.0005
inches of the point of best focus. Effective with FM 23, an inhibit loop
was added to the logic circuitry to prevent platen movement by the automatic
. focus system when scene input (optical signal modulation) falls below a
pre-determined level. An indication of inadequate scene will also appear
on two telemetry points (CPL's 22 and 23). Figura-3—9> is a block diagram
of the focus system. The operation of the individual components is dis-

cussed in the following paragraphs.
L.4.2 Hardware Description

4,4.2.1 Focus Shifter Disc, The focus shifter disc is 6 inches in diameter

and consists of an aluminum hub encircled by a ring of glass approximately

1 inch wide. The glass ring consists of two different semi-circular
thicknesses of glass, 0,030 inch thick on one half, and 0.065% inch thick on
the other. Both of thege plates are parallel-sided optical glass. The

thickness difference between the two produces a shift in the focal plane of

b-27
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about 0.012 inch. A small iron slug is imbedded in the gluminum hub such
that the slug passes over two magnetic pickups placed on either side of the
disc, remaining over each pickup for about 1/4 revolution., This process

generates timing signals used in the signal gating module discussed below.

The shifter disc is rotated by a d-c motor at 30 rps nominal. The motor is
driven by the GE 28 v d-c supply; the 30 rps may vary slightly as the
voltage level changes. The focus system 1s not sensitive to small changes

in the angular velocity of the disc.

L.h.2,2 Reticle. The reticle is a glass plate (approximately 2 7/8 x 1/2
inches) aluminized on cne side and ruled and etched to form a grid pattern
having a spacing of 10 lines/mmq A multilayer interference filter is coated
on the reticle plate; combined with the spectral response of the photocell,
the focus control system responds to light in the 500 to 700 millimicron

region. The reticle is installed in the camera with the rulings running in

the cross-track (£Y) direction.

Movement of the image of a ground scene across the reticle produces an
amplitude-modulated light signal which is a function of the scene content

and the sharpness of the image at the reticle. The effect can be visuslized
by considering a ground scene consisting of an orchard, with the rows of trees
lined up parallel to the reticle rulings, and with the width of the rows and
spacing between them equal (in the image plane) to the reticle line spacing.
Movement of this scene across the reticle will produce a cyclic intensity
variation; in essence, the entire reticle will appear to "wink" on and off.
The amplitude of the variation will depend on the contrast between the rows

of trees and the spaces between them, and on the sharpness of this image

as 1t moves past the reticle. A random scene produces essentially the

L-28
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same effect, the difference being that the amplitude of the variation will
be much smaller because the entire scene will no longer "wink" on and off

at the same time.

4,4,2.3 Condensing Optics and Detector, Condensing optics image the

-

amplitude-modulated light signal produced by the reticle onto a photovoltalce
(silicon) cell. The condensing optics produce an image (of the reticle) which
is approximately 0.6-inch square; this is the size of the sensitive area of

the silicon cell.

The focus shifter disc rotates and introduces two different glass thick-
nesses into the optical path in front of the reticle, The sgeparation between
the two thicknegses of glass appears as a dark line, as viewed by the reticle
and photocell. While this line is passing in front of the reticle, the
average illumination level present at the photocell decreases somewhat,

causing a dip in the output of the cell,

4.h.2.4 Preamplifier and Bandpass Filter. The oubput of the photocell is

fed into a preamplifier which amplifieg the signal by a factor of 10h, A
bandpass filter is alsc contained in the preamplifier. Prior to FM 17, the
bandpass filter limited the operating Trequency range of the focus subsystem
to 74l £37 cps to improve the signal-to-noise characteristics of the system.
This limitation placed stringent requirements on the slant range programmed
during focus experiments. Effective with FM 17, the bandpass Tilfer was
modified to allow a wider range of cperating frequencies in the focus sub-
system to a range of 660 to 1300 cps {equivalent to a slant range between
63 and 120 n mi) with nominal response at 825 cps. This modification
effectively eliminated the constraints on slant range which were present

before the change.
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L. k.2,5 Automatic Gain Control (AGC) Amplifier. The AGC amplifier is a

medium-gain amplifier with a variasble gain input stage. Input gain is con-
trolled by a feedback loop from the larger of the two signals coming out

of the integrators (see paragraph L.L.2.7). The amplifier is designed to
maintain the larger of these two signals at a constant level; the difference

<+

between the two signals is thus a function of the focus error.

L 4,26 Signal-Gating Module. The signal-gating module is a gating net-

work ~which separates the signals corresponding to the two focal planes
produced by the shifter disc. The network is operated by synchronizing
signals generated by the shifter disc. Besides separating the two focus
signals, the gating network blocks all signals during the periods when the

shifter disc transition line ig passing across the reticle.

L. 4.2,7 Integrators and Differential Amplifier. The two signals coming

from the signal-gating mocdule are fed into separate integrators. These are
rectifiers having a short time constant (3 seconds) for rising voltages,
but a long time constant (10 seconds) for decreasing voltages. The result
is two glowly varying d-c levels which are proportional to the a-c portion
of the input signal. The differential amplifier amplifies the difference
between the two d-c levels producing a signal which is proportional to the

focus error.

The time constant characteristics of the rectifiers tend to minimize any

errcre caused by the partial scene change between the two focal planes.

L,4.2.8 Monitoring Logic. Logic circuits are incorporated in the focus-

subsystem circuitry. In the automatic mode, these circuits protect against
incorrect platen movements resulting from electrical failures., In
addition, effective with FM 23, the automatic focus subsystem will have an

inhibit mode incorporated to prevent accidental platen movement in the

D

presence of inadequate scene input. When thig condition occurs, an indication of

4-30
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inadequate scene will appear on the telemetry circuits, with CPL's 22 and 23
dropping to continuous l-volt readings (whether or not the system is in the auto-

matic mode).
L, 4.3 Focus Signal Outputs

The output of the photocell is a complex signal which contains many frequencies.
The distribution and amplitude of these frequencies are functions of the ground
scene, the gscene velocity st the reticle, the grid pattern, and the sharpness
of scene focus at the reticle. The output of the photocell is shown in

Figure 4-7A. The relative amplitude of the focus signal after integration

is also shown in Figure L-T7B,

The integrator outputs as a function of distance of the reticle from the point
of best focus for each channel are plotted and shown in Figure u—8, with

. their maximum values separated by a distance corresponding to the differences
between the two focus positions produced by the shifter disc. The location
of the PBF can be determined from this curve if the two signals (or the
difference signal between the two and its polarity) are known. Because the
AGC amplifier is included in the circult, a direct relationship between

focus error and difference signal is maintained between the two channels.
L. k.4 Focus Instrumentation and Commands

L4, 4.1 Focus Instrumentation. The integrator outputs from each channel

are monitored through the telemetry points CPL's 22 and 23. In addition,

the output of the differential amplifier, a signal proporticnal to the
difference between the integrator outputs, is read-out through telemetry
point CPL 21. The difference signal indicates the direction and magnitude of

the focus correction required, with the integrator cutputs being used as additional

L-31
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verification. CPL's 22 and 23 are also used to determine the presence of

inadequate optical signal modulation, as discussed in paragraph L.L4.2.8.

To determine the effect of the platen-positioning-moctor commands, two
instrumentation points, CPL's 20 and 27 respectively, are included. These

sensors monitor coarse and fine platen position.

L,L b 2 Focus System Commands. Four commands are used for focus detection

and adjustment. They are:

Command Name Command Type
Focus control power (on-off) Stored
2, TFocus control mode (manual-
automatic) Stored
Platen positioning motor-forward Real time (manual mode only) |
L, Platen positioning motor-reverse Real time (manual mode only) |

e

t should be noted that operation in the automatic mode will result in platen

movements (if necessary) without the use of real-time commands.

4,5 FIIM HANDLING

4,5,1 General

The film handling assembly (shown schematically in Figure 3-7) consists of
a film-supply spool, a storage looper, a take-up spocl, and the necessary
guide rollers., The complete film-handling assembly is housed in a light-
tight enclosure, supplied partly by EXKC and partly by GE. The film take-up
mechanism in the SRV is called the forward record-storage assembly., Film

take-up quantity sensors are included in all C/P'sn The film used in the

L3k
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C/P has a nominal width of 9°h6 inches and a thickness of 0.003 inch. Both
the film chute (connecting the film handling system and the forward record

storage assembly) and the recovery capsule are provided by GE.
4.5.2 Film Environment and Tension

h.5.2.1 Temperature. To meet film environmental requirements, the temperature
of the film handling area is maintained from 40 F to 90 F during flight checkout
and the orbital period of the miésiong The upper Llimit (90 F) is based on
film-keeping studies, discussed in paragraph 1.2.6.7. The lower limit (LO F)

is based on the low-temperature operating characterigtics of the film transport

components in the recovery vehicle,

4.5.2.2 Pressure and Humidity. There are no operating pressure requirements

for the Camera Payload. Pressure relief valves are incorporated to limit the
pregsure to a maximum of 2.5 pgl above ambilent during launch. On orbit, the
pregsure will initially be reduced to 0.1 psia by supplementary relief valves

and will later be determined by system leakage.

Relative~-humidity control will be provided by the hygroscopic characteristics

of the film emulsion because the free volume iIn the film enclosure is low.

No active humidity control is required. As film is unwound, the system humidity
will vary with leakage from the enclosure and the rate at which the film is
removed from the supply spool. Vacuum-chamber tests indicate that 0.01 psia

ig the minimum acceptable presgsure for operation of the film-transport hard-
ware. Tests at pressures down to 0.0006 psia indicate no problem with

gensitometry, handling characteristics, or static charge exposures.

L35,
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4.5,2,3 Shock and Vibration. Film handling components are designed to

withstand the shock and vibration specified for the launch phase. A supply-
spool torque motor is energized during all periods of powered flight to
prevent the film from unwinding. The forward record-storage assembly is
designed to withstand the forces encountered during both launch and recovery.
During ground operations involving the film handling assembly, shock and

vibration forces will not exceed those which will be encountered during launch.

L.,5.2.4 Film Tension. Nominal film tension is as follows:
C/P Nos. Tension

M 1-10 3.5 £ 0.5 1b
FM 11R-Subsequent 2,0 0.5 1b

When the camera 1is running, input tension is from zero to 0.5 1lb greater

than the ocutput tension due to the dynamics of the assembly. Uniform tension

is necessary to ensure smooth film drive through the camera, and is controlled

by the supply spool brake and the tension looper.
4,5.3 Film Handling Components

4.5.3.1 Film-Supply and Take-up Spools. The film-supply and take-up spools

are simllar in design except for the mechanisms inside the hollow core.
Each spool consists of a core with approximately l/u—inch-thick removable
flanges (see Figures 2-5 and 2-6). The spool capacity is 3000 feet for
0.003-inch~thick film. The supply spocl is a passive device except for the
action of a torgue motor which provides additional drag on the supply spool
at the end of each take-up cycle to prevent excessive spool coast. A
mechanical servo braking mechanism varies the supply-spool drag torque 1o

maintain uniform film tension.

h-36
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The drive motor for the take-up spool is housed within the hollow core;

the spool is driven by gears meshing with the motor pinion. The drive
train provides a filmetake-up velocity from 11 to 18 inches ver second

when driving against a film tension of 3.0 pounds. A ratchet installed in
the core prevents loss of tension when the take-up motor is not energized.
For FM I and subsequent payloads, a reversible clutch is installed to allow

film to be unwound from the take-up spool during ground tests.

},5.3.2 Film Looper. The dynamic capacity of the film looper is approxi-
mately 25 inches., This looper is located in the film supply cassette., The
film looper consgists of rollers fixed to a movable truck which slides back
and forth (on ball bearings) on two longitudinal tracks. The position of the
truck is determined by the quantity of film in either side of the looper be-
cause there is no force exerted on the truck except by film tension. The film
looper operates such that a decrease in the guantity of film in the take-up
side of the looper will be accompanied by an equal increase in quantity in the
supply side. The looper engages a switch at each of its travel limits to pro-
vide control information to the take-up motor. A tension looper also ig in-
cluded in the film handling system. The tension looper is a redundant tension
system consisting of a roller (No 5 in Figure 3-7) capable of pivoting around
a center located at roller No. 7. Roller No. 5 ig restrained by two tension
springs. If film tension ig reduced or lost, this device pivots away from

the camera and is capable of taking up two inches of film while restoring

tension.

4.5,3.3 Film Housing Structure. The housing for the film supply spool and

the looper serves as a light and moisture seal for the film handling assembly

and its components.,

A flexible connection is used between the housing and the projecting lip of

the camers.

Approved for Release: 2024/01/30 C05098943




€05098943 Approved for Release: 2024/01/30 C05098943

4.5.3.4 TForward Record Storage Assembly. The forward record storage assembly

consists of a mounting base for the film take-up reel, the take-up reel,
several gulde rollers, and associated instrumentation points. During launch
and recovery, acceleration and shock forces on the film spool are borne by

the bearing shaft and transmitted to the SRV frame through the shaft bearings.

4.5.3.5 Film Handling Assembly Instrumentation. Several instrumentation

peints are provided in the film handling assembly to allow the performance
and operation of the various elements to be evaluated during both ground

testing and the on-orbit phase of the mission. They are as follows:

CPL No. Function
15 Film quantity, coarse/take-ug
‘ reel rotation
16 Film quantity, fine
17 Looper position/film tension
28 Film quantity, mediumr .
29 Take-up motor current

See Table L-5,

4.5.3,5,1 Film Quantity Sensors. Changes to the film quantity sensors are

as follows:

CPL No. Effectivit Range
15 FM 1.8 0~300 feet
FM 9-18 0-254 feet
FM 19-Subsqg. 0-1017 feet
16 FM 1-2 Not installed
M 3-18 0-30 feet
v ~ FM 19-Subsqg. 0-45 feet
28 FM 1-2 Not ingtalled
FM 2-18 0-300 feet
FM 19-Subsq. 0-282 feet
L4.38
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Each of the above

[47]

ensors 1z operated by rollers geared to potenticmeters;
one revolution of the potentiometer takes place when the correct length of

£ilm has traveled past the roller.

4.5.3.5.2 TLooper Positicn Senscr, The looper position sensor (CPL 17)

consists of a potentiometer coperated by a cam which is turned by the movement
of the looper carriage. This seasor provides an output voltage which varies
from 2 to 5 volts ag the film guantity in the looper varies from 2 to 25 inches.
On FM 3 and subsequent payloads, the absence of film tension is also indicated
by this instrumentation peint, If film tension i1s lost, the sensor will cease

to 1ndicate looper position and wilil drop to a constant 1l-velt output.

4.5,3.5.3 Take-up Reel Rotation Sensor. Effective with FM 5, CPL 15 also

monitors take-up reel rotation. This senscr consists of a gear, with 15

0 ferromagnetic pins egqually spaced around its edge, connected to the take-up
motor and located in the take-up reel hub, A magnetic pickup is located 0.0035
inch away from this gear and as these pins rotate and generate a magnetic
field, a voltage is induced in the pickup and monitored by the tracking station.
Any ocutput between 1 and 4.5 volts indicates that film take-up quantity is

being monitored. An cutput of 5 volts or more indicates reel rotation. Any
output under 0.5 volit means that the take-up is energized but the reel 1is

not rotating:; that is, a malfunction indication.

4,5,3,6 PFilm Handling Elements Provided by the Associate Contractor., GE

supplies the portion of the film handling agsembly that connects the supply
cassette and the forward record storage assembly. It consists of a film chute,
film cutters, chute separators, and a sealing device for the film path into

the SRV. ©No film contacting surfaces (rollers, ete, ) are reguired in the eguip-
ment furnighed bty GE. The commands to operate the cutter, sealer, and chute

separator are also the responsibility of GE.
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L.5.4 Film Handling Logic

4.5.4.1 Command Logic. The take-up motor will operate and empty the film

looper whenever the camera 1s turned off, or when the looper becomes full
while the camera is operating. As the looper ig emptied, film is pulled

from the supply spoocl and stored in the supply side of the looper.

The intent of the command logic in emptying the looper when the camera is
turned off is to eliminate unnecessary vibration caused by reel rotation
during a camera run., Twenty-five inches of film are stored in the supply side
of the looper to provide for most operations. If the camera operation calls
for more than 25 inches of film, the capacity of the supply side will be
exceeded causing the film reels to operate intermittently during the camers
run. Vibrations and variations in tension will result in a region of banding

and degraded resolution on the photograph.

The de-orbit command and assoclated programming are part of a re-entry
sequence, Before this sequence occurs, the camera is normally run until

the film supply spool is empty. (The SRV, however, 1s capable of recovery
independent of the film load). At that time, loss of tension will cause the
take-up drive to run continuously until payload power is turned off. -The
film cutters, capsule sealer, and chute separator provided by GE will then

be operated.

L.5.4.2 Film Handling and Photographic Modes. Stereo and continuous strip

photography require variable camera operating times. Each photographic
mode was studied to determine the capacity of the looper and the velocity
of the take-up drive that would 1limit take-up motor operations to camera

noncperating periocds. A film looper capacity of 25 inches, combined with

Lokl
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the current minimum take-up speed of 11 inches per second, meéts all of the
expected requirements for stereo photography with approximately 3.5 seconds
interframe time. (Minimum take-up speed is only experienced early in the
mission when the supply spool has maximum inertia, and late in the mission
when the supply spool brake has maximum leverage. See Flgure 4-9.) Strip
photographs can be programmed for durations up to 102.4 seconds. However, as
previously noted, frames longer than 25 inches will cause the take-up motor
to operate during photography while emptying the looper, resulting in an

intermittent loss in quality.

4.6 CAMERA ATMING

4.6.1 Aiming Requirements

Three angular degrees of freedom in aiming the camera are necessary to ful-
i1l the requirements of stereo and lateral photography. The OCV is rotated
about 1ts roll axis to provide obliquity aiming. The other two degrees of

freedom are provided by movement of the stereo mirror in the C/P.

4.,6.1.1 gtereo. In-track (stereo) aiming of the camera is accomplished by
rotating the stereo mirror to any of three positions about an axis parallel
to the C/P pitch axls. These mirror posgitions are +7.5 degrees, O degrees,
and ~7.5 degrees. The stereo mirror reflects light from the ground into the
lens and enables the C/P to photograph objects 15 degrees ahead of, directly
below, or 15 degrees behind the vehicle. Convergent stereo photography makes
use of the two extreme positions; the O-degree position is used for vertical
photography.

4.6.1.2 Crab. For oblique viewing,the lens and stereo mirror rotate with
the OCV about the roll axis. The stereo mirror by itself is then rotated about
the same axls to make a crab correction. In addition to the crab correction,
the motion of the mirror introduces a further change in the obliquity angle.

In practice, therefore, a computation 1s necessary to program the proper

I
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combination of roll and crab angles needed to achieve the desired viewing

angle. Crab correction from O to 3.5 degrees can be made in 0.5-degree

steps (see paragraph 1.2.5.3).

4,6.2 Aiming Drives

The stereo and crab aiming drives are digital servomechanisms. Each of
these servos drives thestereo mirror by means of a lead-screw and nut combi-
nation having a 0.2 inch-per-inch pitch (see Figure 2-12). As a result of
this lead-screw pitch, the servomechanisms need not be locked in position
during powered-flight sequences. (A lead screw whose pitch is below a
critical angle determined by the coefficient of friction will not convert
thrust loading into rotational motion.) Each aiming servo is capable of
positioning the mirror in a number of discrete positions within a specified
. time after receipt of a command. Commands are supplied to the servos from
the OCV. Each command consists of several bits presented to the servo in
varallel form. The commands are satisfied by rotating the servo output shaft

until the internal position code (within the encoder) matches the input command.

Each servo receives two electrical power inputs. These are +28 volts, un-

regulated, for operational power and +5 volts for the instrumentation circuits.
Each servo assembly contains a potentiometer which is geared so that the out-

put voltage corresponds to servo position in stereo or crab.

4L.6.2.1 BStereo Servo. The stereo servo is capable of positioning the stereo

mirror at any one of 3 discrete positions. The commands and assoclated mirror
positions are shown in Table 4-2. Under conditions of low voltage and maximum
anticipated load, the stereo servo can move the mirror from one extreme position
to the other within 4 seconds. The average electrical power required by the
servo when driving the stereo mirror is 32 watts. No operational power is

required after a given command has been satisfied.

L-h3.
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TABIE L4-2
SERVO POSITION CODES

Command Codes

Stereo Mirror Position CB8 CB9

-7.5° 0
OO
+7.5° 1 1¥
Crab Position CB10 CB11 CB12
o° 0 0 0
0.5° 0 0 1
1.0° 0 1 0
1.5° 0 1 1
2.0° 1 0 0
2.5° 1 0 1
3.0° 1 1 0
3.5° 1 1 1
*

Prior to Flight No. 17, a 1,0 command was used to move the stereo
mirror to the +7.5° position. Effective Flight No. 17, a 1,1
command was used to produce this movement.
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Means are included to automatically disable the servo drive if it is impossible
to satisfy a command within approximately 7.0 seconds. Should this oceur, the
servo drive is re-enabled whenever the most significant command bit (¢B8)

is changed, or whenever power to the gervo is turnasd off and re-applied. The
servo has an electrical limiting action which prevents the mirror from being

driven more than 0.277 degree beyond The two extreme positions.

Mechanical stops are also provided should a malfunction occur which would

attempt tc drive the mirror ocutside the electrical 1imit stops.

L.6.2.2 Crab Servo. The crab servo is capable of positioning the stereo
mirror at any of eight crab positions. The servo can be mounted to produce
either positive or negative crab correction (see Section 4.6.3). The positions
and associated command codes are given in Table 4-2, The same command and
position relationship applies to both positive and negative correction.

Under conditions of maximum load and low supply voltage, the servo can drive
the sterec mirror from one crab extreme to the other (3.5° to 0°) within

elght seconds. The average electrical power required while the servo is
driving 1s 27 watts; no operational power is reguired once the command is

satisfied,

The crab servo also has a disable circult which will operate if a command

is not satisfied within approximately 13 seconds. This circuit is reset

in the same way as. the stereo servo (see paragraph h.6,2.1). The servo
assembly i1s electrically constrained tc limit motion of the mirror to within

0.178 degree of the two extreme positions. Mechanical stops are also included.

L-h5
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4.,6.3 Northbound and Southbound Photography

By mounting a servo at one of two specific locations (see Figure 2-12)
two crab correction directions are available, one for northbound and one

for southbound photography.

L,6,3,1 Southbound Correction. With the crab servo mounted on the

positive (+) Y side of the mirror bridge, commands to the servo cause
negative (-) mirror rotation in the Y-Z plane. In this manner crab
correction for southbound (noon launch) photographic passes is provided.
It is currently planned that all payloads will have the servo mounted in

thls southbound position when delivered by EKC.

4L.6.3.2, Northbound Correction. With the crab servo mounted on the

negative (=) Y side of the mirror bridge, commands to the servo cause
positive (+) rotation of the stereo mirror in the Y-Z plane. In this
manner the required crab correction for northbound (midnight launch)

photographic passes is provided.
L.7 ENVIRONMENTAL CONTROL

4,7.1 General

The high resolution required of the photographic subsystem necessitates
close control of temperature and humidity from fiight checkout to retrieval.

The purposes of the environmental control system are:

a. To keep the lens in focus,

b. To prevent condensation on or contamination of
any optical surface,
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c. To prevent condensation on any surface that
comes in contact with the film, and

d. To prevent environmentally caused change in
the film (see Section 1.2.6.7)

The optical surfaces of the plano stereo mirror and spherical primary

mirror are ground and polished within l/lO waveleﬁgth of light (or 2.5 micro-
inches). Distortion of these surfaces by more than l/h wavelength (6 micro-
inches) as a result of mechanically or thermally induced stress will defocus
the lens enough to degrade resolution to more than 3 feet on the ground.
Asymmetric stresses may produce astigmatism in addition to defocussing, so
that a feocus adjustment cannot re~focus the lens. Thus, the environmental
control problem,with respect to large optical elements,is to pfevent the
creation of large enough temperature differentials across or through the
mirrors to cause them to flex more than 1/4 wavelength. In addition, thermal
expansion of the lens tube must be limited to a value such that the focal

plane will not move out of the *0.0005-inch depth of focus.

Whenever moisture condenses on a surface, it carries airborne solids with

it. Inland, dust particles comprise the principal solids, but near the
ocean, the alr also contains consgsiderable salt. When the condensate re-
evaporates, the dust and salt are left as a residue on the surface. As a
film on an optical surface, such a residue reduces the transmittance and/or
reflectance of the surfaces. A complex relationship exists between resclution
aﬁd exposure from which it is known that a loss in exposure from the nominal
will degrade resolution from the optimum value. In the case of salt residue,
chemical attack on the optical surface may occur. For this reason, it is
essential that no condensation take place on an optical surface at any time
after the optical element has been fabricated. Care must alsc be taken that

clly films are not deposited during environmental tests.

bl
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Condensate on the film-contacting surfaces may cause emulsion to be trans-
ferred from the film to such surfaces. This transferred emulsion may
later mar, or be wiped off on, other areas of film, damaging these areas

as well as the area from which it came. In addition, marring of the film-
contacting surfaces may cause errors in film handling alignment and film
drive velocity. Therefore, the humidity within the film handling enclosure
must be controlled so that condensation is prevented at all times., The
film itself normally effects this control, so that special conditioning

other than temperature control is not required.

By its nature, C/P environmental control is inseparable from that of the

OCV and the SRV. Therefore, its design and evaluation are a joint effort

of GE and EKC.

4,7.2 Flight Test Through Ascent

4,7.2.1 Temperature. Uniform and stable payload temperatures can be
achieved soon after launch only by adjusting the temperatureé to the
desired orbit temperature of 70 F while on the launch pad. Analysis in-
dicates that the large mirrors as installed in the OCV have thermal time
constants in vacuum of approximately 12 hours. This time constant repre-
sents the time required for 63.2 percent of a temperature adjustment to be
completed; 86.5 percent adjustment requires twice as long, and 95 percent
adJustment requires three times as long. Thus, GE's ground conditioning
equipment and techniques must be capable of bringing the C/P te flight

temperature by lift-off.

The high skin temperatures produced during ascent by friction with the
atmesphere are attenuated by insulation in the O0CV and the SRV and they

therefore have no significant effect on the C/P.

T
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L,7.2.2 Pressure. Both the simulated ascent tests on the thermal mockup
and the flight results nave proved the .adequacy of the vent designs for both

the lens and the film handling enclosure.

h,7,2.3 Relative Humidity. Control of the ambient relative humidity is

necessary at all times from fabrication through lift-off to prevent moisture
condensing on any C/P optical surface, as discussed in paragraph 4.7.1.
While indoors, such control is produced by air conditioning in assembly and
test areas. During shipment from EKC-Rochester to EXKC-VAFB, the payload

is contained in a pressure vessel purged with dry nitrogen to a dew point
below -35 F. Under nominal controlled conditions at the MAB of 70 * 5 F and
50 £ 5 percent relative humidity, the highest dew point expected is 58 F.
Therefore, the minimum C/P temperature allowed between integration and lift-
off has been set at 60 F. The ground handling equipment and procedures must
be adequate to prevent the C/P from cooling below that temperature or from
being exposed to an atmosphere having a dew point above the payload

temperature.

The film handling enclosure‘is closed and is not affected by ambient humidity
except when i1t 1s open during loading. The nature of the film is such that,
if the film is loaded at a temperature of 70 £ 5 F and a relative humidity of
LO + 5 percent, no temperature cycle between 60 F and 90 F can produce con-

densation inside the enclosure,
h.7.3 On-Orbit

L.7.3.1 General. Once on-orbit, heat transfer takes place by radiation
and conduction only; all heat eventually flows to or from the skin. The on-
orbit effective thermal time-congtant of the vehicle is large because of the

large heat capacity and thermal insulation of the skin.

li-bg
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4,7.3,1.1 Heat Loads. External irradiation on the vehicle comes from

three sources: earth emission (long wavelengths); insolation (direct solar
irradiation of shorbt wavelength); and albedo (solar energy reflected from
the earth, in short wavelength). Earth emission is assumed constant for

the entire orbit. The amount of this radiation received by a surface of the
vehicle 1s a function of altitude, orientation, and absorptivity for the
long=-wavelength energy. The effects of ingolation and albedo on a vehicle
surface, however, vary with the orbit inclination to the earth-sun line in
addition to the altitude, orientation, and absorptivity for short-wavelength

radiation.

The heating effect on the cylinder arising from frictional resistance as the
vehicle moves through the low-density atmosphere (2 to 9 x 107t lb/ft3) is
estimated to be on the order of 0.5 to 1.0 watt/ft2 at 95 n mi altitude,

which is usually considered negligible compared $o the radlant-heat leoads. .
Internal heat leads are discontinuous. For example, the internal component

power dissipation of the C/P is about 32 watts in the OCV during photographic
periods over the target; however, it drops to about 0.3 watt during the

remaind;r of the orbilt cyele. Average C/P internal power dissipation during

the mission is less than 2 watts.

4,7.3,1.2 Control System. The temperature of the payload is controlled in

a passive manner supplemented by active heaters (see Figure 3-11), This type
of design is dictated by the large payload mass, the relatively small internal
power dissipation, and the short operating 1life of the payload. Control is
accomplished by choosing surface finishes and materials having the proper

emissive and absorptive properties. The control of the skin Temperature ig

the responsibility of GE. Heat transfer between the C/P and the skin is reduced
by minimizing the number of conducting paths and by use cf insulating materials

for all mounting supports. Stabilization of the payload will occur within the
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allowable average temperature range of 70 F 5 F. Conversely, the payload
components are mounted so as to insure high conductances among themselves,
tending to minimize temperature gradients within the payload. The allowable
temperature differentials within the C/P are as follows: lens, end-to-end,

10 F; stereo mirror bay to lens bay, 10 F; sterec mirror and primary mirror,

‘linear front to back, approximately 0.2 F.

4.7.3.2 Opties Environment. To thermally isolate the optics, the lens. assembly

(excluding the stereo mirror) is surrounded by an outer aluminum cylinder
(component support tube) that acts as a radiation baffle and an end-to-end

thermal shunt. This construction helps produce an isothermal operating zone

. for the lens. Further protection is afforded by thermostatically controlled

resistance heaters mounted on the component support tube and the primary
structure ring. Thermal analysis of the stereo mirror showed the necessity
for a door over the viewport during portions of the orbit when photographic

or focus cperations are not under way.

Heat flux in or out of the S/V ags a whole through the open viewport is reduced
to a minimum by use of the aperture mask and the flexible thermal boot which

blocks all ‘holes but thoge through which photégraphic light rays must pass.

4,7.3.3 Film Environment. See paragraph 4.5.2.
L.7.4 Recovery

Environmental control in the SRV ig GE's responsibility. An environment must
be provided during re-entry and retrieval that will protect the film from
foreign matter and from temperatures beyond the limits described in Section

1.2.6.7.1.
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4.8 CAMERA PAYLOAD ELECTRICAL DESIGN

The C/P electrical assembly is comprised of the necessary electrical components,
cabling, and packaging necessary to transmit power and commands to, and derive
instrumentation data from, the C/P. Block diagrams of the C/P electrical
assembly are shown in Figures 3-2 through 3-6. Figure 2-4 shows the location
of the primary electrical packages. A cabling block dilagram 1s shown in

Figure 3-10.
4.8.1 Payload Power

Electrical power for the C/P is supplied by the OCV. Three separate power
supplies are reguired; operational, environmental, and instrumentation.

These sources are provided at the following d-c voltage levels:

Operational power +28 volts nominal (unregulated)
Environmental power +28 volts nominal (unregulated)
Instrumentation power +5 volts nominal (regulated)

4.8.1.1 Operational Supply. The unregulated +28 volt d-c operational

supply is the primary power source for the C/P. During normal operatlon,

the energy consumption of the C/P components drawing power from this supply

is 254 watt-hours for a 5«day orbital lifetime and a 600 sterec-pair mission.
An analysis of the energy consumption of the C/P, by components, is presented
in Table 4-3. The operational supply voltage measured at the interface between
the C/P and the OCV is from 27 to 32.5 volts if the C/P is not operated during
the first hour of flight. The steady state lcad current is less than 7 amperes
during gny operating period. Surge current will not exceed 15 amperes, and
gurge transients decay to normal load currents in less than 0.5 second. The
spplication of operational power to the C/P is controlled by the §/V programmer.
The operational circuits are isclated by at least 30K chms from the environmental

circuits except for a commeon d-c return.

L.52
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TABLE 4-3
C/P OPERATTIONAL POWER CONSUMPTION

Estimated  Maximum Estimated Energy  Maximum Energy
Operational Power Power Digsipation Dissipation
Ttem Duty Time (Hours) _(Watts) (Watts) (Watt -Hours) (Watt-Hours)
Stereo servo 6 sec/stereo pair 0.57 18 38 10.0 21.5
3 sec/strip shot 0.26 13. 32 3.5 8.5
Crab Servo 16 sec/active orbit 0.29 13. 33 4.0 9.5
Camera 2400 sec-focus 0.67 2 3 1.3 2.0
operations
Film Drive electronics 6 sec/stereo pair 0.5 36 kg 18 25
14 sec/strip mode )
operation 2.2 36 Ly 80 110
Distribution component 7 min/active orbit L.g 7 18 35 87
40O sec/R.0. contact 1.1 7 18 8 20
i 2400 sec-focus )
ot operations 0.67 16 18 11 12
Film transport C/P 2 sec/stereo pair 0.2 10 1 2 3
1 sec/strip mode )
operation 0.16 10 1k 1.5 2
Film transport SRV 2.7 sec/stereo pair 0.26 15 18 i 4.5
3.5 sec/strip
operation 0.57 15 18 8.5 10
Focus control 2L00 sec-focus )
operation 0.67 16 19 11 13
Cables
{approximation) 2 3
Total 199.8 331.0

For the calculations, it was assumed that there were 350 stereo pairs
each using 1.7 Tt of film, 570 strip mode operations each using 4.1 fi of Tilm,
and 81 Revs prior to SRV de-boost.
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4L.,8.1.2 Environmental Supply. The environmental supply provides power for

all environmental heaters within the C/P. Total energy consumption is not
specified because energy demands are dependent on the thermal control of the
OCV. The maximum current drain is 4.8 amperes, and the voltage measured at

the interface is from 26.0 to 33.4 volts. Environmental power is supplied

on demgnd from launch until the photographic portion of the mission has been
completed under nominal operating conditions. Environmental power may also

be removed or applied by stored command from the OCV during unusual situations.
All environmental power inputs to the C/P have some form of overload protection

within the C/P.

L.8.1.3 Instrumentation Supply. The instrumentation supply provides regulated

power to a number of instrumentation transducers within the C/P. The voltage

at the interface between the instrumentation supply and the return wires is

between 4.9 and 5.1 volts dc. The maximum current drain of the instrumentation
circuitry is 10 milliamperes. Power application is controlled by the S/V
programmer. The energy consumption of the instrumentation supply is slight

and has been included with the various C/P components listed in Table L-3.

4.8.1.4 Electromagnetic Interference, Grounding and Shielding. Care has

been taken in the design and construction of all C/P components to reduce
the susceptibility to, and generation of, electromagnetic interference
(EMI) to a tolerable level. The EMI limits defined by MIL-I-26600 have been

used as the design goal and testing guide.

To minimize ground loops, no low impedance, direct-current paths exist
between C/P circuitry and the structure. In addition, cables that may
cause or be susceptible to EMI radiation, were shielded. Each assembly
enclosure and all shielding is grounded to the C/P structure, which is in

turn grounded to the S/V through ground strasps. The forward record storage
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assembly is electrically isolated from the remainder of the C/P and is grounded
to the SRV. The remainder of the C/P is grounded to the OCV by a strip "tied"

to hardware mounted on the component support tube.

4.8.1.5 C/P Power Control. The 28-volt, d-c operational power supply is

modified in the C/P to supply the various input voltages necessary for the
operation of the electrical components. This voltage is inverted, transformed,
rectified, and regulated to provide *22 volts de for some instrumentation
clrcuitry and the focus control electronics. The film drive electronics is

a variable frequency supply which furnishes power for the camera fllm-drive
motor. Aside from these power control functions, the C/P generally uses

unregulated operational power.
L.8.2 C/P Commands

Operation of the C/P ig controlled by the S/V programmer in the OCV. Commands
will be transmitted to the S/V during tracking station contacts. Some of
these commands may be executed immediately; others are stored for use during
photography, recovery, and other phases of the mission. The nature of the

commands required by the C/P is discussed in the following subsections.

4.8.2.1 Command Requirements. The C/P commands are listed in Table k4-L.

Commands CBl through CB12 and CB20C and 21 are required for every photographic
sequence; that 1s, for each stereo or lateral pair and each continuous strip
photograph, The supply-spool torgque motor (command CB24) is operated during
powered flight. Focus commands CB15 through CB18 are required whenever a
focusing sequence is desired. Furthermore, focus commands CBLS and CB16 are
required whenever operation of the focus control component in the remote-record

mode is desired.
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TABLE 4L
C/P COMMANDS
Code Function Type of Command
CBl1 Film speed bit No. 1 Stored
CB2 Film speed bit No. 2 Stored
CB3 Film speed bit No. 3 Stored
CBL Film speed bit No. k Stored
CBS5 Film speed bit No. 5 Stored
CR6 Film speed bit No, 6 Stored
CB7 Camera drive Stored
CB8 Stereo, most significant bit Stored
CB9 Sterec, lesst significant bit Stored
CR10 Crabbing, most significant bit Stored
CBll Crabbing, 2nd most significant bit Stored
CRr12 Crabbing, least significant bit Stored
CB15 Focus control power ' Stored
CB16 Focus control mode Stored
CBLY Focus forward drive Real time
CB18 Focus reverse drive Real time
CB20 S1it, most significant bit Stored
CR21l Slit, least significant bit Stored
CBR2L Supply-spool torgque motoer Stored
L-56
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4.8.2.2 Film-Drive-Speed Commands (CB1l through CB6). A separate film-drive-

speed command 1is required for each photograph of a stereo or lateral palr

and each continuous strip phobograph.

Six command bits are used to command the selection of one of 64 drive speeds;

each differing by one percent of the previous step.

The film-drive electronics recelves the film-drive-speed commands as pulses
on six palrs of wires and decodes the command through a relay tree to produce

the proper frequency for the film drive (see Table L4-1 and paragraph L.3).

4L.8.2,3 Camera Drive Command (CB7). A camera drive command is used to

turn a camera power "ON" and "OFF" before and after each photograph of a

stereo palr, lateral palr, or continuous strip photograph.

4.8.2.4 gtereo Mirror Position Command (CB8 and CB9). A stereo mirror

position command must be received for each photograph of a stereo or lateral
pair, for each continuous strip photograph and for each focus operation. The
btereo mirror 1s commanded to assume one of three pogitions. These are +7.5,
~7.5, and O degrees. A two-blt binary code command specifies the stereo

mirror position (see Table 4-2).

L.8.2.5 Crab Pogition Command (CB1O through CB12). A crab setting 1s required

for each stereo or lateral pair, for each strip photograph, and for each focus
operation. It is not necessary to change the crab setting between shots of

a stereo or lateral palr. Eight crab settings are possible from O to 3.5
degrees in 0.5-degree steps. These settings can be either positive or
negative depending on the location of the crab servo in the C/P. A three-bit

binary code command specifies crab position (see Table L4-2).
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L.8.2.6 §lit Aperture Plate Position Command (CB20 and 21). A slit setting

is required for each photograph. On orbilt, the slit aperture plate may be
commanded to any of four positions. During ground tests only, the slit
aperture plate can be commanded to a fifth position by means of an additional

command bit.

L.8.2.7 Supply Spool Torgue Motor Command (CB2L). Because the camera drives

film by frictional contact, tension must be maintained in the film handling

system at all times. Two possible causes of film tension loss are coast-
ing of the film supply reel at the conclusion of the normal film transport
cycle, or movement of the film supply reel caused by vibration during powered

flight. To prevent these from occurring, a torgque motor was included which

opposes the normal rotation of the film supply reel. This motor is energized

by command CB24 during all powered flight sequences and by the looper logic

circults at the conclusion of each film transport cycle.

4L.8.2.8 Focus Commands (CB15 through CB18). The optical system of the C/P

will be focused prior to launch. Provisions are made to refocus while in
orbit to allow correction of any out-of-focus condition resulting from

vibration, shock, or abnormal temperature variation that might occur during

launch or on orbit. Refocusing on-orbit will be accomplished only if an
out-of-focus condition is detected by means of tel emetry. The focus-control
power command (CBL5) is used to turn the focus control component power "ON"
and "CFF" vefore and after each focus sequence. The focus-control-mode
command (CB16) selects either the manual or automatic mode of operation.
When the manual mode is beling used, the focus forward and reverse drive
commands (CBl7 and CB18) are required to command the platen-drive motor

(see paragraph kL. k),
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4,8,2,9 De-Orbit Commands, Several commands are required to prepare

adequately for re-entry. These commands are the responsibility of GE.

To maximize re=-entry reliability, the entire film load is normally wound
onto the take-up reel in the SRV prior to re-entry. If it is not feasible
to complete film windup, the GE hardware contains equipment which will cut
the film on command and only the film already in the SRV will be recovered,
When the film load has been completely wound onto the take-up roll (or is
cut by the GE cutter/sealer)ﬁ the loss of tension will cause the take-up
motor to operate continucusly whenever payload power is applied, Whether
film windup has been completed or not, the GE cutter/sealer is actuated,

sealing the capsule for the deboost sequence.

4,8,3 Camera Payload Instrumentation

C/P instrumentation provides the information necessary to determine the
health of the C/P and provides information on abnormal operation which may
be clrcumvented by appropriate programming., It also provides information
for post-mission analysis and for updating the design of subsequent payloads.
Included in the instrumentation system are focus subsystem sensors and
sensors which monitor temperatures, stereo and crab position, the status of
the film handling assembly, and the port-door (FM 6 and on)., Indications of
the status of each of these items will normally be recorded during any
photographic or focus sequence and telemetered to a ground station at first
opportunity. These items will also be monitored directly whenever the S/V

is in contact with a ground station.

4.8.3.1 Electrical Characteristics. C/P instrumentation transducers will

be supplied by GE with either +22 (converted from +28 v within the C/P) or

+5 v d~c regulated power, The nominal voltage output of each instrumentation

459
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point will vary from O to +5.0 volts. The nominal output impedance of

these circuits 5.6 X ohms or less; 10 K ohms output impedance is a maximum.

4.8.3.2 Instrumentation Points. Table L-5 lists the C/P instrumentation

points with the range of measurements and sampling rate. The table

describes the instrumentation existing in the current configuration (as of

FM 21).

4L.8.4 Port-Open Telltale

The telltale sensor is designed to monitor the status of the OCV port door,

and has been installed in FM 6 and subsequent payloads. The sensor is

capable of indicating whether the view-port door is open or indicating the

number of times 1t was closed in the past up to four times. An output of

one volt corresponds to one closing, two volts for two closings, three volts

for three closings, four volts for four closings, and five volts for current- .

ly open.

4.8,5 Test Plug and Umbilical

C/P flight instrumentation is not continuously available during ground test
and countdown. Therefore, two additional sources of information concerning
payload condition are provided. The sources are the payload test pilug and
umbilical circuits., In addition, these instrumentation points provide

valuable supplementary information during ground testing.

4.8.5.1 Test Plugs. The C/P test plugs consist of 78 test points includ-
ing 1 spare (see Table 4-6)., These circuits are carried from the test box
mounted on the component support tube through a special hatch cover and
down the gantry through the transfer room to the VSB via hardline circuits.
These circuits will be recorded in the VSB and will be available until

gantry removal (about two hours before launch) .

L-60
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Designation

Code

CPL
CPL
CPL
CPL

CPL
CPL
CPL
CPL

CPL

CPL

CPL
CPL

CPL
CPL
CPL
CPL

CPL
CPL

W

0 -3 O\
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TABLE 4-5

CAMERA PAYLOAD INSTRUMENTATION POINTS
As of FM 21

Function Range

Camera f£ilm-path temperature” 35 F to 120 F

CB-12 Monitor¥*¥ Lostate

Forward record storage temperature 35 ¥ to 120 F

Stereo mirror differential -1 F to +3 F
temperature

Stereo mirrcr temperature 35 F to 120 F

Lens barrel aft end temperature 63 F to 80 F

L5-degree mirror temperature 35 F to 120 F

Component support tube -Y temp. 35 F to 120 F
sta. 1k9

Component support tube -Y temp. 35 F to 120 ¥
sta. 179

Component support tube -Y temp. 35 F to 120 F
sta. 198

Reference voltage Fixed at 2.1 volts

Component support tube -Z temp. 35 F to 120 F
sta. 179

81it Position L-state

Stereo position -15° to +15°

Crab position 0° to 3.5°

Film take-up quantity, coarsq/reel 0 to 1017 ft.
rotation***

Film take-up quantity, fine ¥¥¥ 0 to kL5 ft,

Looper position/film tension 2 in. to 25.5 in.

* Deleted,

effective Flight No. 15
)

#%  Effective Flight No. 17 (FM 19
*¥% See Section 4.5.3.5.1
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Sampling Rate
(samples/sec)
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TABIE L4-6

CAMERA PAYLOAD TEST POINTS
VIP 1 1 CPL 1
VIP 2 - CPL 2
VIP 3 - CPL 3
VIP 4 - CPL L
VIP 5 - CPL 5
VIP 6 - CPL 6
VTP 7 - CPL 7
VIP 8 - CPL 8
VIP 9 - CPL 9
VIP 10 - CPL 10
VTP 11 - CPL 11
VTP 12 - CPL 12
VIP 13 - CPL 13
VTP 1k - CPL 14
VTP 15 - CPL 15
VIP 16 - CPL 16
VTP 17 - CPL 17
VTP 18 - CPL 18
VTP 19 - CPL 19
VTP 20 - CPL 20
VTP 24 - CPL 24
VIP 25 - CPL 25
VTP 28 - CPL 28
VTP 29 - CPL 29
VIP 30 - CPL 30
VTP 31 - CPL 31
VIP 32 - CPL 32
VIP 33 - CPL 33
VTP 34 - CPL 34
VIP 35 - CPL 35

-- - VIP Instrumentation return
Table L-5 shows CPL assignments 4-63
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TABLE L-6 (Continued)

CPL 22

S1it Position, most significant bit, N.O.
S1it Position, most significant bit, N.C.
S1it Position, least significant bit, N.O.
CPL 21

Stereo, most significant bit, N.O.
Stereo, most significant bit, N.C.
Stereo, most significant bit common
Stereo, least significant bit, N.O.
Stereo, least significant bit. N.C,
Stereo, least significant bit common

CPL 23

+5 volts d-c supply

Automatic focus lead A

Automatic focus lead B

Focus motor lead A

Focus motor lead B

Crabbing, most significant bit, N.O.
Crabbing, most significant bit, N.C,
Crabbing, most significant bit common
Crabbing, 2nd most signifiecant bit, N.O.
Crabbing, 2nd most significant bit, N.C.
Crabbing, 2nd most significant blt common
Crabbing, least significant bit, N.O.
Crabbing, least significant bit, N.C,
Crabbing, least significant bit common

Fillm-speed bit No, 1 on

L6k
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TABLE L-6 (Continued)

vp28 Film-speed bit No. 1 off
VP29 _Film-gspeed bit No. 2 on
VP30 Film-speed bit No, 2 off
VP31 Film-speed bit No. 3 on
VP32 Film-speed bit No. 3 off
VP33 Film-speed bit No. 4 on
VP3kL Film-speed bit No. 4 off
VP35 Film-speed bit No., 5 on
VP36 Film-speed bit No. 5 off
VP37 Film-speed bit No. 6 on
VP38 Film-speed bit No. 6 off
VP39 Camera drive on
VPLO Camera drive off

‘ VPh1 Common for command bit 1-7
vPh2 Data Signal A
VP43 Data Signal A return
VPLL -22 volts d-c supply
VPL5 +22 volts d-c¢ supply
VP46 +28 volts d-c supply
VP DC return
VPLE S1it Pogition, least significant bit, N.C.
VPL9 Focus control power command
VP50 Ervrironmental supply
VP51 CPL 27

&

h-65
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4.8.5.2 Umbilical. In addition to the C/P test points, seven umbilical
points plus one spare are available for verifying the C/P condition
until lift-off. These functions are listed in Table L4-7 and are self-
explanatory with the exception of BBT6. This function, designated Master
umbilical telltale, will provide an indication whenever power 1is applied to
either of the following command circuits:

a. Focus forward drive (CB17)

b. Focus reverse drive (CB18)

4.9 AEROSPACE GROUND EQUIPMENT

4.9.1 Purpose and Scope

EKC Aerospace Ground Equipment (AGE) is defined as the equipment required

on the ground to make the photographic subsystem operational in its intended

environment. The necessary eguipment was chosen through detailed studies
of the procedures in assembly, handling, and testing used to bring the pay-

load into satisfactory operation.
4L.9.2 AGE Reguirements

AGE is subdivided into four functional groups: paylocad test equipment, pay-
load support equipment, payload handling equipment, and photographic support
~equipment. The equipment groups and the various items included are discussed

in the following paragraphs. Photographs of several items are shown in

Section 2.

4.9.2.1 Payload Test Equipment. Payload test equipment is that eguipment

required to test the electrical, optical, mechanical, and environmental per-
formance of the payload. The three major items of equipment which are used
at the payload test level are:

a. Test console
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TABLE L4-7
C/P UMBILICAL POINTS

Code

BBT1 Looper position umbilical instrumentation

BBT2 Drive frequency umbilical instrumentation

BBT3 Stereo mirror umbilical temperature

BRTY Tube station 177 umbilical temperature

BBT5 Torque motor command umbilical instrumentation
BBT6 Master umbilical telltale

BBT7 Spare umbilical instrumentation

BBRT8 Umbilical return

L-67
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b. Portable test set

c. Collimator

Also included are several items of component test eguipment and test support

equipment., They are:

a. Record storage test set

b. Line-of-gight test set

c. Leak rate test set

d. Cable test point board

e. Record storage mount and enclosure
. Test take-up cassette

g. Breakout box

h. Secondary standard

i. Command monitor

j. Film advance control

4.9.2.2 Payload Support Equipment. Payload support equipment is equipment

used in direct support of the payload. In general, it is the equipment
needed for final flight preparation and mating, or at the recovery site.

The equipment in this group includes:

Record loading and unloading kit
b. Record dolly

c. BSupply cassette and record storage alignment
meagsuring ecquipment

d. Integration accessory kit

e. Purging equipment

. Film cooler

g. Cleaning equipnment

h. Forward storage table and 1lifting yoke

i. Record travel viewer

L-68
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4.,9.,2.3 Payload Handling Equipment. Payload handling equipment is the

equipment used to handle, ship, and maneuver the C/P and its accessory

equipment throughout all activities up to insertion in the OCV. Included

are:
a. General purpose mcbile hoist
b. Truck
C. C/P assembly lifting ycke
d. Handling accesscry kit
e. ZErector
f. Payload shipping container
g. Accessory shipping container
h. C/P assembly integration lifting yoke
i. Cradle
. J. Aperture mask cover assembly

4.9.2.4 Photographic Support Equipment. Tests using the collimator and

other payload tests depend Ilargely con the evaluation of photographic data.
Five items of photographic equipment are therefore included as deliverable

AGE. They are:

a Record viewer
b. Record splicer

Test record support equipment

O

Microdensitometer

Qu

e. Test record transfer
4.9.3 Equipment Description

A description of each item of AGE is outlined in the Photographic Subsystem

Specification. Only that equipment which 1s directly used for functional
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tests of a completed payload is discussed in this report. These iltems are:

a, Collimator
b. Test conscle

c. Portable test set

4,9,3,1 Collimator. The purpose of the collimator is to provide a high
resolution target at a simulated distance of 80 n mi and to optically test
the complete payload and the payload lens assembly. The collimator focus
adjustment alsoc compensates for any C/P optical effects caused by operation

in a vacuum environment.

Targets are provided for use in analyzing the optical and photographic com-
ponients of the C/Pg One of the targets moves to simulate a ground image.
Mounts are provided to support the payload lens assembly or complete payload .

during test,

4.9.3.1,1 Optlecal Parameters, The colllimator 1s a reflecting telescope

with a Newtonlan focus. It is provided with an illuminated target at the
focus position which can be adjusted to simulate a target distance of
approximately 80 n mi. Some of the significant data for the collimator are

shown in Table L-8, and a schematic of the optical component is shown in

Figure L4-10.

The colllimator entrance aperfure 1s 21 inches and the collimator primary
mirror has a diameter of 24 inches. Because the 19.50-inch aperture of
the payload lens i1s less than the aperture of the collimator, the aperture

of the C/P is not limited by the collimator.

The collimator has a 1l7-minute of arc half-field angle which is limited by
the aberrations of come and astigmetism., It appears that this 1s gbout the

maximum field usagble at the high resolution required.

L.70
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TABIE L4-8
OPTICAIL DATA FOR COLLIMATOR

Collimator

Focal length 300 %32 inches
f-number 12.5

Field of view (half-angle) 17 minutes
Optical axis direction Horizontal

Primary Mirror

Diameter 24,000 +0.062 inch
Thickness (edge) 4.00 £0.062 inch -
Mirror curve Parabolic *+1/10 wavelength of

green light

Secondary (Diagonal) Mirror

. Aperture 3.5-inches wide; 6-inches long
Thickness 0.895 £0.010 inch
Mirror curve Flat
Target Field 34-minutes vertical height;

5.4-minutes horizontal width

Resolution
Diffraction limit size 0.00031k inch or a resolution
at the image plane of 108 lines/mm at 600 mu

and £/15.4

ha71
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The optical reduction produced by the collimator when viewed with a 77-inch
focal length lens is 3.90 (1 percent). This reduction permits the targets
used in the collimator focal plane to be made to a large enough scale that
their quality does not impair the quality of the image in the C/P focal plane.
The coptical guality of the collimator is such that its performance on axis

is diffraction limited.

4.9.3.1.2 Mechanical Design. The collimator consists of the following major

sections:

Primary mirror assembly

Diagonal mirror assembly

Optical frame assembly

Enclosure and bed

Test unit mounting assembly
Target and illuminator assemblies

The primary mirror assembly supports and positions the 2h-inch primary
mirror. This mount is capable of adjusting the mirror aboubt azimuth and

elevation axes for alignment of the collimator axis.

The diagonal mirror mount provides a bearing surface so that the L5-degree
collimator mirror can be rotated about the optical axis. Vertical and hori-
zontal movement in a plane perpendicular to the optical axis is also provided.
It is possible to alter, if needed, the 45-degree mirror angle. The size

of the 45-degree collimator mirror mount does not exceed the size of the
payload lens diagonal mirror so as not to obstruct the wave front presented

to the lens being tested by the collimator.

An enclosure is provided to protect the collimator air path from convection
currents, thermal disturbances, dirt and dust, and stray light (through

baffles and painted interior surfaces).
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The test unit mounting assembly ccntains the mounts necessary to support

the paylcad lens assembly in front of the collimator aperture, This mcunt-
ing assembly is capable of £3.2 degrees movement tc position the collimator
image in the lens~film plane sperture., This assembly 1s capable of support-
ing the complete C/P with its X axis at an angle of 90 degrees to the
collimator horizontal optical axis. The payload can be moved to position
the collimator image at all positions in the 6,l-degree field of the pay~-

load lens.

A flat test mirror, which has a diameter equal to that of the primary

mirror, is supplied as a collimator assembly accessory. It is used as an

alignment reference for the collimator image. The mirror is mounted in a

sling~type mount similer to the primery-mirror support structure and is

used only during the alignment of the collimator and during other selected

times for ccllimatcr image evaluation.

4.9,3.1.3 Targets and Illuminatocrs., Three different targets (a fixed

target, a moving target, and a focus control assembly target) are required

for correct evaluation and testing of the C/P on the collimator.

The fixed target assembly provides a means for locating the following

charts or reticles at the collimator ilmage plane:

a, Resolving power charts: Tri-bar
b. Resolving power charts: Sine-wave response

c, Distortion pattern chart

The moving target simulates the type of scene to be viewed by the complete
payload lens assembly during operation of the actual payload. Also in-
cluded are resclution charts and other test charts. The velocity of this
target is continuously adjustable over the range corresponding to the

camera=drive velocity range.
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The focus control target is similar to the moving target assembly. The
target covers a wide enough field to provide an adequate signal to the
focus control component thereby permitting correlation between optimum
photographic focal position and the focal position output of the focus con-

trol assembly.

Each of these target assemblies includes the light source and optics
necessary to evenly illuminate the complete target area. A fan and ducts
for cooling are used to conduct the heat from the lamp area away from the

collimator optical path.

4,9.3,1.4 FEnvironmental Requirements. The temperature in the collimator

room ig controlled to 69.5 *1 F, The allowable relative humidity is 50 220

percent. The area is free from vibration above a 10-microinch amplitude.

Studies of thermal effects on the collimator indicate that temperature
changes limited within a linear gradient of 0,1 F over the 20-inch beam
will result in a negligible wave~front change inside the collimator 300-
inch air path, Another possible source of optical error causing wave-front
deformation could be variation in air density in an alr column 20 inches
high. However, on the basis of theoretical considerations and practical
experiments, evacuation of the collimator path 1s not necessary. The

collimator, therefore, is built without a vacuum enclosure.

Instead, it is provided with & relatively simple enclosure with insulated
walls to exclude transient turbulence and minimize thermal effects in the
alr path. In addition, suitable baffles and shrouds are provided at the

entrance window of the lens or payload to prevent optical inhomogeneities

in these regions.

=175
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4,9,3.2 Test Console, The purpose of the test console is to control the

collimator, to provide the C/P with the inputs required for proper opera-
tion, and to monitor the outputs of all transducers in the C/P, It will
coordinate the operation of the C/P and collimator under test program

operation and, in conjunction with the collimator, provides complete test

equipment for the simulated operation of the subsystem.

The test console is set up near the collimator., The console is divided

into four functionael groups: command, instrumentation, collimator func-

tions, and test power supply, as shown in Figure L-1l. The test console is

shown pictorially in Figure 2-18,

4,9.3.2,1 Command Group., The command group supplies the commands nec-

egsary to simulate C/P operation. The commands are manually set but are

sent to the C/P properly coded., A patchboard of interconnecteble jacks

enables all the C/P functions to be checked with a limited number of

instruments.

4,9,3,2.2 Instrumentation Group. The instrumentation group measures and

records instrumentation voltages in analog and digital form, and indicates
out=of=limit instrumentation conditions. The test console has provisions
to receive 134 instrumentetion channels from the payload., These payload
instrumentation channels present either an analog function voltage, a step
function, or a discrete voltage pulse, The console has the facllity to
connect any one of LO selected instrumentation channels with an instru-
mentation input by means of the patchboard., Six vacuum=tube voltmeters
are avallable in the console to measure g signal range of O to 5 volts.
Eight go no=ge indicator lights are used on the console to provide ocut-of-
limit informetion,

=76
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Figure 4-11. Test Arrangements for Collimator, Test Console, and C/P
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The test console also contains the necessary equipment and circuitry to
sample all instrumentation voltages, payload power-supply voltages and
currents, and time; to convert these to digital form; and to record them
numerically on a permanent paper-tape record. Additional recorders are

also included as built-in equipment.

The instrumentation group includes a self-calibration or test facility,
which provides the circultry necessary to calibrate the ilnstrumentation meters,

recorders, and go, no-go devices during test and checkout of the payload.

4.9.3.2.3 Collimator Functions Group. The collimator functions group

providesg control and instrumentation of the moving target and the light

intensity of all targets as well as for alignment of the positioner.

4.9.3.2.4 Test Power Supply Group. The test console supplies and monitors

power required by the C/P during test and checkout. Four different power
supply units are used for the environmental, operating, and instrumenta-

tion functions of the C/P. The power requirements for these supplies are:

Adjustable Voltage Range Max. Current
Operating 22-34 volts 15 amps
Envirommental 20-3L volts 5 amps
Instrumentation 4.,9-5.1 volts 10 ma
Instrumentation Bias 0-12 volts 10 ma

The console has provision to protect the C/P from overvoltage or excessive
current. If the voltage at the payload exceeds the set voltage by 5 per-

cent, the power will be disconnected from the C/P within one millisecond,
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Protection against current is provided over a range of 3 to 15 amps for
the operating power supply and 1 to 5 amps for the environmental power supply.
If payload current exceeds the set value, the power ig disconnected from the

C/P within one millisecond.

A C/P power monitor records the application of voltage, the voltage level,

current level, and the total time during which power is applied.

4.9.3.3 Portable Test Set. The portable test set shown in Figure 2-19 is

similar in its purpose to the test console. It is housed in a portable
cabinet and contains no readout instrumentation except a digital voltmeter.
All instrumentation points are supplied at labeled jacks for use with external
instruments. The portable test set supplies the payload with commands and
power for limited operation and provides test points for the output of all

. transducers in the payload. The portable test set does not provide the
coordinating functiong to the collimator that are provided in the test console.
The payload can be put through a test program using the portable test set
without returning the C/P to the collimator area. The portable test set can
be divided into three functional groups: command, instrumentation, and test

power supply.

4.9.3.3.1 Command Group. The command group provides the controls to initiate

digital commands required by the C/P during test and checkout. The commands
and the required equipment are egsentially the same as those used in the test
console. The portable test set does not, however, supply the clock generator

or function that is available in the test console.

4.9.3.3.2 Instrumentation Group. The instrumentation group of the portable

test setl has provision for measuring instrumentation voltages using external

4-79
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meters and recorders (not part of this equipment).

A test jack, located on
the front of the test set cabinet, is also provided for each of the 134
instrumentation channels.

4.9,3.3.3 Test Power Supply Group.

This group is equivalent to the test
power supply group for the test conscle.

L.80
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SECTION 5
RELIABILITY

5.0 RELIABILITY PROGRAM

The reliability program has followed basic procedures established to meet
the program objectives. MIL-R-27542 was used as a guide in organizing the
reliability program, which was divided into six areas: design review,

training, testing, parts reliasbility, monitoring, and analysis.

A significant portion of the rellability program was a thorough and system-

atic review of the design as 1t developed. Early phases consisted primarily

of an 1lndependent review of the engineering effort with emphasis on systems
. and requirements, design approach, and specifications. More recent efforts

toward reliability lmprovement included a review of minor design changes

and fallure analyses. In addition, some contract changes requiring major
redesign necessitated review effort consistent with that expended in the

earlier phases of the program.

Training was provided for all employees who contributed fo payload

reliability.

For the test program, developmental testing was extended into regions of
environmental extremes and operational life. These tests were performed
using components of the Reliability Model (RM) Payload and Reliability

Enchancement Components (RC) to demonstrate subsystem reliability.

The parts reliabllity program was an effort to select and upgrade the
guality of the parts used in the Photographic Subsystem. Through infor-
mation from data-exchange programs, vendor surveys, prior usage, test

programs and flight proven hardware, a reliability approved parts list was

\J1
i
j
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prepared and was the basis for the selection of parts by design engineering.

Analysis of part failures with appropriate recommendations for corrective

action is a continuing and important function of the parts reliability

program,

Reliability Monitoring included the establishment of a continuing program of

surveillance over (1) procurement, handling, storage, and packaging of both

purchased and fabricated parts, (2) manufacturing methods and procedures,

and (3) the adequacy of test equipment,-tdols, fixtures and facilities.

Reliability analysis included the analytical, statistical, and mathematical
phases of the reliability program and the determination of reliability

objectives for the payload.

5.1 GENERAL

The reliability objective for the photographic subsystem is to provide a

95 percent probability of success, where success is defined as acquiring at
least 60 percent of the available information. The probability that a mature
and adequately tested design would attain this goal was estimated. The first
step in the estimate was the definition of the various tasks of the Camera

Payload where the over-all mission of the C/P was logically divided into

three parts:
a. lLaunch phase (drop of umbilical cord through injection
into orbit).

b. Orbit operations phase (photography, data recording,
environmental control, and telemetry functions).

¢. Re-entry phase (exeCution of de-orbit maneuvers
through impact).

5-2
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The second step was to mathematically define the task of acquiring photo-
graphic information. Block diagrams were developed for the active reliability
elements of the C/P, and the probability of success of each of these elements

was estimated,

5.2 LAUNCH PHASE RELIABILITY

The C/P performs a passive role during launch; with the exception of the
pressure relief valves and the torque motor in the film supply, the function
of the C/P is to (1) provide adequate support for the payload components,
(2) maintain alignment of the optical elements, and (3) provide a means of
attachment to the vehicle. Film alignment and tension must also be main-

tained in the film path.
5.2.1 Iaunch Survival Demonstration

All paylcoad components were qualified, although some minor differences existed
between the RM components and flight hardware. Current flight payloads are

of a design which meets the qualification requirement of the Flight Model
Payload Specification as demonstrated by the tests outlined in the Qualifi-

cation Test Plan.

It was concluded from qualification tests that the design of the payload
demonstrated its launch survival capability. The operation of all Camera

Payloads on orbit has substantiated this conclusion.
5.2.2 Iaunch Phase Reliability Estimate

The probability of launch survival was estimated to be 0.99.
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5.3 ORBIT OPERATIONS PHASE RELIABILITY

The C/P performs its active functions during the orbit operations phase,

A mathematical model was developed which associates information with the
smount and quality of the photography. Accordingly, the C/P components
necessary to provide both the amount and quality elements were defined and
an estimate was made of probability of success of each of these elements

for this phase of the photographic mission.
5.3.1 Mathematical Model of Orbit Operations Phase Reliasbility

The approach to reliability on this program was to define a utility function
which was called "Information Return". To construct a mathematical model,
an analytical definition of information return in terms of quality and

amount was developed.

5.3.1.1 Quality. Resolution is recognized as a measure of photographic
quality. This model assumes that photographic quality is directly related
to the resolution at the film plane. Based on this assumption, the quality

index, Q, may be expressed as:
Q = r/R

where:

H
#

Resolution achieved at the film plane (lines/mm) and
Resolution specified at the film plane (lines/mm)

Q is expected to be normally distributed about a mean value, say §, with a
standard deviation of 0.09. ZXKnowledge of the normal distribution parameters
readily permits the calculation of the probabilities associated with minimum

acceptable qualities.

5.l
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A number of factors will affect the value of Q; the two most important are
focus and image motion compensgation. Degradation resulting from the com-
bingtion of thesge factors 1ls obtained by sine-wave respconse Technlques

(Appendix B). An estimate of Q is made in Table 5-2.

5.3.1.2 Amount Index. Assuming that payload operation time is related to

the amount of photography acquired, the amcunt index may be expressed as:

t . . }
1 or = (whlchever is smailer)

A = 0
where:
A = An index representing the amount of photography
= Time the paylocad cperates properly, and
T = Specified operating time
. The amount index (A) cannct exceed 1.0; i.e., there is no credit given for

1ife beyond the specifiled misslion life. However, credit 1s glven for partial

completion of the photographic mission.

It is expected that failures will occur at a constant rate. Therefore,
using mean time between fallures as the parameter, the time of failure, t,

has an exponential probability density function f (x) as follows:
1 X
£ (x) = = exp (-3)

where

]

m mean time between failures, and

dummy variable with dimensions of time

>
if
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Note that, from the nature of f (x),

T
f (x) dx

i

P (probability that a failure will
occur within a specified operating
0 time, T)

ft

T
L-exp (-3) =1-0
where ;j is an estimate of the parameter, A, and

D = exp (- %Q = probability of operating for the entire
migssion.

5.3.1.3 Information. The amount of information return is defined as:

I = QA

where
I = Information return
Q@ = Quality index, and
A = Amount index

Both Q and A are random variables; therefore, information return lg a random
variable. The aim of the reliability program is to ensure that the com-

ponents affecting Q and A will operate successfully after having survived the
anticipated environments so that for 95 percent of the missions, information

return will be at least 0.6.

For a given Q and ;) , the probability distribution of information return

can be determined. Since the integrals involved are too difficult to obtain
in closed form, numerical methods were used. From calculations, pairs of

@ and ;] have been determined so that the probability is at least 95 percent

that information return is greater than 0.6. The results are graphically

5-6

Approved for Release: 2024/01/30 C05098943



c05098943

Approved for Release: 2024/01/30 C05098943

presented in Figure 5-1. The ordinate, @, is the average value of the quality
index. A standard deviation of .09 has been assumed for the distribution of
Q. The abscissa, %] , is the probability of no failures during the photo-
graphic mission. Any combination of values of @Q and ;) that locate a point
within the cross-hatched portion of Figure 5-1 meets the engineering per-
formance requirements. It 1s evident from the figure that requirements on
both operating life and photographic quality are stringent. As an example,

if the average quality index, Q, is 0.98 and the probability of operating for
mission life, l), is 0.9, the intersection is point B of Figure 5-1 and per-

formance reguirements are not met,
5.3.2 Reliability of Amocunt Elements

Based on the mathematical model, the amount factor (A) can be diagrammed

as follows:

Stereo Film Camera and
Servo Film j}—4 Handling Camera Drive Telemetry
Component Component Components

A reliability estimate can be determined by the number of catastrophic failures
expected to result as a function of time. Only those parts are considered
whose independent fallures would cause loss of an essential amount-element

function.

Estimates were made for the amount elements using techniques outlined in
Rome Air Development Center Reliability Notebook; the values are shown in

Table 5-1.

o
]
-3
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Acceptable Region
Probability (I> 0.6) = 959

1.0
®

0.8

0.6

0.4

Average Quality Index, Q

Figure 5-1. Probability of Operating for Mission,p
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TABLE 5-1
RELTABILITY ESTIMATE COF AMOUNT ELEMENTS

Element Prediction
Sterec Servo 0.999
Camera and Camera Drive Components 0.993
Film Handling Components 0.999
Miim 0.999
Telemetry 0.999
Over-all reliability estimate of
amount elements 0.989

One cof the basic assumptions underlying the above estimates 1s that the

design 1s mature and quaiified by adequate testing.
. 5.3.3 Reliability of Quality Elements

The performance elements that contribute to photographic quality (Q),

measured in terms of resclution, are depicted in the following block diagram,

Static

Aerial Image Motion Film and
Image Compensation Exposure
Quality

QUALITY ELEMENTS

The reliabilifty prediction for the Quality Elements was based on laboratory
performance evaluation and engineering judgement; the valueg are shown in

Table 5-2.
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TABLE 5-2
SUMMARY OF PHOTOGRAPHIC QUALITY INDICES

Averege Quality Index

Based on Estimated From
Reliagbility Element System Analyses Test Results
Static Image Quality .997 .96
Imsge Motion Compensation .997 .99
Film and Exposure 999 .999
Quality Index (Q) T.993 .95

5.,3.4 Combined Rellaebility - Quallty and Amount Elements

The results of the relisbility predictlon for the photographic phase of
the mission may be combined graphically in accordance with the reliability

mathematical model as shown in Figure 5-2.

The average value of the gquality index (@) is equal to 0.95 as shown in
Table 5-2. The probability of no fallures during the photographic mission
is equal to .989 as shown in Table 5-1. These coordinates locate a point
in Figure 5-2 which meets the speclfied rellability requirements. The cal-
culated probebility of achieving at least 60 percent information return is
994,

5.4 RE-ENTRY PHASE RELIABILITY

The majorlty of the functions that contribute to the rellability of film
re-entry are provided by the OCV and the SKV and are not analyzed as a
part of this report since they are the responsiblility of an assoclate
contractor.

5~10
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The reliability estimate of the C/P portion of re-entry phase operations
was estimated to be at least ©.999.

5.5 /P RELIABILITY PREDICTION

The reliability predictions may be combined as shown in Table 5-3., The
over-gll reliability estimate for the combined launch, photographic, and

recovery phases is .983.

TABLE 5-3
RELTABILITY PREDICTION SUMMARY

Phase Reliability Prediction
Taunch Phase 0.990
Photographic Phase 0.994
Recovery Phase 0.899

Over-all C/P Reliability T0.983

It i1s difficult to confirm the prediction ocutlined above. However, the
binominal distribution can be used to make a statistical inference which

does not account for the margin by which the required 60 percent information
return 1s exceeded. Only failures which can be directly attributed to EKC
should be considered in the computation of the amount parameter. Thus, if

a failure occurs which is not the responsibility of EXC, the amount parameter

should be taken as one.

On the above basis, if information return is greater than 60 percent, the
mission is considered to be a success. The minimum system reliability can
be estimated from the knowledge of the number of successes out of the total

number of trials. Figure 5-3 describes demonstrated minimum system reliability

Sl )
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at both 90 and 60 percent confidence levels*assuming success at each trial.
For example, at the confidence level of 90 percent, 22 consecutive successes

would demonstrate a minimum reliability of .90:
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APPENDIX A
WEIGHT AND BAIANCE DATA

A.1l REFERENCE AXIS SYSTEM

The weight and balance data given in Table A-1 are referred to axes

oriented as shown in Figure 4-1. The origin is at station 0©,0,0 in

the GE coordinate system. Moments and products of inertia at the component
level are referred to their own centers of gravity. At the C/P level, they

are referred to station 0,0,0.

The data given in Table A-1 are applicable when the crab servo ié located on
the +Y side of the mirror bridge for southbound photographic orbits. This

‘ information reflects the C/P status as of 1:June 1965, and will be effective
up to and including Flight Model 25. -

A.2 INFORMATION SOURCES

The weights reported in this table are all based on measured values., How-

ever, since manufacturing tolerances cause variations in component weights,

the values shown do not necessarily reflect exact values for any given C/P.
A.3 PRODUCTS OF INERTIA

The products of inertia are point-mass approximsticns using only the

components shown as contributors.
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TABLE A-1
WEIGHT AWD BALANCE DATA
{Crab Bervo on +Y §ide of Mirror Bridge)

X 3 Z 1 I, I I I, T
Hei.@:) (inches)  (inches) (inches) !sl!;‘t‘tal L'}ggwftz) (ll\_x:ztta) (ﬁ; %) ('; [%) (lls"ﬂ:z!
Component .
Primary Structure and '
Elevation Plate Assembly 350.00 105.67 -.02 -.98 15,60 13.28 15.17 .ol 2.000 062
Component Support Tube . 88.00 170.23 0.00 <b.Th L.g6 17.45 17.49 .000 .005 -.002
lens Assembly 452,30 169.07 -.03 -k.09 15.17 183.33 183,12 006 -1.575 T 0%
Supply Cassette with Reel 66.02 102,32 -9 13.88 64 1.72- 2,05 -.011 190 -.016
Camera 39.20 131,21 -3 12,09 22 16 .29 008 ~.009 -.008
Electrical 50.92 154,61 3.68 13.73 JTh 1.03 1.65 - 067 A .06
. Film-8upply Position 52,03 96.00 0.0%0 9.81 .21 .25 .21 0.000 0.000 0.000
['\) Pilm-Recovery Position ) 52.03 28.23 0.00 2,00 21 .25 21 0.000 0.000 0.000
Porward Record Storage 25,50 28,86 -7 1.97 .29 2T A2 - 002 .038 0.000
Cables and Miscellaneous 25,13 136.82 -h.25 9.3 .68 3.28 3.24 .138 105 .13h
Camera Payload - Full Supply Reel
Camera Payload less 1133.60 139.11 .03 .19 48,21 5201.48 5194.72 .387 ~15.440 1.812
Recovery Elements
Recovery Elements 25,50 23.86 -17 1.97 .31 4.87 b.71 -, 00k 351 -.027
Camera Payload 1159.10 136.69 .02 .23 L8,52 5206.35 5199.43 .38 -15.089 1.785
Camers Payload - Full Take-up Reel
Camera Payload less 1031.57 141,18 .03 -27 u6.92 5096 .66 5091.01 .387 -26.016 1.812
Razcovery Elements .
Recovery Elements 77.53 20.4h -.06 .65 .52 1h.07 13.87 -.00k 351 -.027
Comera Paylosd 1159.10 133.64 .02 -.21 7,54 5110.73 5104.88 2382 -25.665 1.785
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APPENDIX B
SINE-WAVE RESPONSE

GENERAL

Sine~wave analysls is a mathematical technique which is useful in analyzing

each element of a system and the system as a whole with regard to their

effects on the quality of the photographic image produced. This appendix
gives a curscry description of gine-wave response. A comprehensive dis-
cussion of the subject can be found in the references listed at the con-

clusion of this sppendix.

If it were possible to start with an infinitely small spot of light and to
‘ image it with a lens, the image would not be infinitely small. Diffraction

and aberrations in the lens would spread the image out over a finite area,

The intensity distribution of the light in this area is called the point-

spread function. A cross sectlon might look something like this:

Intensity

Distance
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Similarly, if it were possible to image an infinitely small spot of light

on a piece of film, the light distribution in the film would not be a

narrow shaft through the thickness of the emulsion, but would spread out
because of diffraction, reflection, absorption, and so on. The light distri-

bution in the emulsion might look like this:

Incident beam of light e 120

Emulsion N Light distribution

& in emulsion

[N e
Clear base S A . K

NN N AR Y < T
SNONONN N N NS ey NOONON NN
NONONONON N ORI N N N NN
o NN N NN N s e N N N N Y Y

Antihalation backing

VLA

Now consider a light source consisting of a small but finite spot, imaged

on a piece of film by a lens. Each infinitesimal element of the source
forms its own spread function and all of these combine to make the spot
image. Similarly, each element of the image forms its own spread function
in the emulsicn. These combine to preduce the light distribution in the
emulsion which in turn determines the distribution of density in the devel-
oped film, This distribution of density is s fundamental index of the
quality of the photographic image. However, 1t is difficult to measure
directly the distribution in the image of a point source because the measur-
ing sensor must be much smaller than the image. The sensor must have high
sensitivity, and its position with respect tc the image is critical. If a
line source is used instead of a point source, the scanning sperture of the

measuring device can be a slit and the lighﬁ avallable for meassurement is
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greatly increased. A line source can be thought of as a series of point

sources, and the image as a series of overlapping point-spread functions.
The energy cross sectlion of this image is called the line-spread function.
The point-spread function and the line-spread function are not equal, but
they are mathematically releted. The line-spread function is therefore a
vaelid measure of the quality of the image.

TEST OBJECTS

The most common type of test object is one made up of a series of broad,
sharply defined lines rather than of one narrow line. The spacing of
the lines determines the magnitude of the light variation in the image.
When the spacing of lines in the image of the test object is slightly
larger than the light spread function of the image, the energy cross

. section of the actual image and the geocmetrically projected image may be

Geometrically Projected
Image Distribution

=~ Actual Image
Distribution

shown ag follows:

Image
I1luminance

Distance

Ag the spacing and width of lines in the test object decrease, the light

variation in the image is decreased as follows:

~=7 [ 77 rT-s——Geometrically Projected
| | | | | : . .
Image /}/\*\J}/\\\/),~‘*-‘__"— Image Distribution
T1lluminance Lo M Actual Image
S0 JN TN R N S Distribution
Distance
B-3
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The magnitude of the light varilations in the image is clearly related to
the line-spread function, but to establish this relationship mathemstically
is tedious. Square-wsve test objects are therefore used only to determine
the spatiasl frequency at which light variations in the imsge are no longer
discernible to the eye. This i1s the well-known resolving-power test.

Since resolving power depends on the varilation of light in the image,

which in turn i1s relsted to the spread function, there 1s in general good
correlation between the resolving power of s system and the size of the
spread function. The shape of the spread function, however, is not derive

able from measurements of resolving power.

If the light configuration of the object varies as a sine wave instesad of
as a square wave, the ilmage produced by a linesr system is sinusocidal in
character and is completely defined by measuring the maximum and minimum’

light values in the image. For a typical case, the actusl image and the

geometrically projected image of a sine-~wasve test object can be shown as

follows:

Geometrically
Projected Image
Distribution

4 \ 4 \ Actual Image
Image ¥ \ / \ Distribution
Illumlnance/"‘_‘\\<\\\\\~__’//<7"”’—~\\\<\\\~\,_—//A
AN / \ y -Spatial Frequency
N\ = 100 Lines/mm
N / ~_" ines/

] el
0 0.01 0.02

Distance {Millimeters)
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An important advantage in the use of the sine-wave test object lies in the
fact that it is relatively easy to show mathematically the relationship be-
tween the line-spread function of a system and the light variations in the
image measured over the spatial frequency spectrum. A plot of these measured
light variations against spatiel frequency, called the sine-wave response,

is e@uivalent to the line-spread function and contains the same information
with respect to the quality of the system. A more detailed discussion of

sine-wave response as applied to the photographic system follows:

Sine-wave test objects have been made and the transmittance variations meas-
ured as a function of the spatial frequency of the sine wave. When such a
test object is placed in front of an extended source of known luminance,

the luminance variation at any frequency can be expressed as follows:

Imax Imin
(1)

M =
Imax + min
where 1 and I , are the maximum and minimum luminance values and M is
max min
defined as the modulation of the test object. The fact that the luminance
modulation of the test object is, in general, a function of spatial fre-

quency can be stated mathematically as follows:

f(w, x) = D+A (w) sin wx (2)
I ax + I in
where D = —EL——Z?—i£~— > the average luminance level;
I - 1, .
A(W) = -232375——232 s the amplitude of the luminance modulation; and
w = spatial frequency of the chart.
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Rewriting equation (1) in terms of the amplitude A{w) and the average level
D, the modulation is given by: )

Tnax Tiin . A (w)

I + I . D
maex min

M =

At low frequencies (w ’—t:O), the minimum luminance in the test object can

be made to epproach zerc, so that the modulastion might appear as follows:

I
max
A (0) A0) _
I D
max - - - - VAN
? f
D
Imin = 0
Distance e

In this case the modulation, __A;_I_DQ_QL_, is said to be 100 percent.

Similarly at some higher frequency the modulstion of the test object might

eppear as follows:

Distance Y —— '
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The modulation, , 1s about 30% in this case. This change in the

W
D
modulation of the test object with frequency is tsken into account in

obtaining the sine-wave response of a lens-film system.
EXPLANATION OF SINE-WAVE RESPONSE

The best way to define the sine-wave response of a system is to consider
a typicel sine-wave test of a lens, together with the msthematicsl ex-

pressions for the input and output functions.

One method of determining the sine-wave response of a lens is to use the
lens to image a sine-wave test object onto & fine slit with a phototube
behind it. The output of the phototube is measured as the slit scans the
image. The effect of the spread function of the lens is to reduce the
amplitude of modulation in the image without sltering its sinusoidal
character. This property of the lens to transfer a sine-wave test object
(inputs in units of luminance) into a sine-wave image (outputs in units of
illuminance) is fundamental to the sine-wave analysis of a system, and
systems exhibiting this property are said to be linear systems. For a

mathemstical definition of a linear system, see reference 12.

The steady-state transfer characteristic of a lens or of sny linear system

can be shown as a straight line having a slope, g/, as follows:
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: Input
| Ay () N

+ Lens Trensfer
i Charscteristic
e =

* 4__ JERNDEEDED U — Slope = v

1

Illuminence (Foot-Cendles)

;

g

K

%—e—- D2 — AE(W)

g

g

E"“ Do H_ AE(O) Output

MODULATION OF TEST OBJECT

If an ideal sine-wave test object 1s assumed, having a constant amplitude
for all frequencies, equation 2 describing the sine-wave input may be

rewritten:

flw, x) = D, + A, sinwx (%)

where the modulation,

M, = == » - (5)

is independent of frequency.
MCDULATION OF IMAGE IN A LINEAR SYSTEM

The illuminance variations in the image may be described by the equation

g (w, x) = D, + A, (w) sin [wx + ¢ (w)], (6)

B-8
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where ¢ (w) is called the phase shift. A phase shift is assoclated with a
non-symmetrical spread function. In the enalysis of performance of a lens
system on axis, spread functions are in general symmetrical so that the
phase shift is zero. The expected modulation at all frequencies for a
perfect system would be equal to the modulation at very low frequency,
A, (0)
o} D
o}

and the actual modulation at any frequency is

A, (w)

Yo = 5 (8)

The difference between equation (7) which gives the modulation expected from

a perfect system and equation (8) which gives the modulation of an actual
system is the reduction in peak-to-peak amplitude of the signal and a possible
shift in average illuminance level from DO to D2 (which could occur if the

lens transfer characteristic varies with frequency).
SINE-WAVE RESPONSE OF A LINEAR SYSTEM

By definition, the ratio of the modulation at some frequency to the modula-
M
tion at zero frequency, ﬁa s 1s called the sine-wave response of the system
ol
at that frequency. Dividing equation (8) by equation (7) the sine-wave
response is given by
A, (w) D A, (w)

R(w)=m= W (9)

since the average levels DO and D. are equal for a linear system and cancel.

2
Sine-wave response can also be defined in terms of the input and output

B-9
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modulation as follows:

=

2

ﬁ; (10)

R (w) =

gince the gain of a linear system acts on the average level ag well as on
the amplitude, and the output modulation at zero frequecy, MO’ is there-
fore equal to the input modulation, Ml'
EFFECTIVE INPUT MCDULATION

The effective input modulation is given by
A, (w
5 ()

M, = see— (11)
3 D,

where the effective input modulation, M3, is obtained by projecticn of
the maximum and minimum values in the output back through the transfer

characteristics of the system.
SINE-WAVE RESPONSE OF A NON-LINEAR SYSTEM

By definition, the sine-wave response of the system is the ratio of the

effective input modulation, M3, to the actual input modulation, Ml’ given

* () ()
A w D A W

R() = .__3__...__ B ._.]_‘. = .__3_...___ (]_2

W D, A A )

Note: This definition is equivalent to the definition given by equation

(9) where the system is linear since A3(w) =3’A2(w) and A =XA2(O).
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Further, if the test-cbject modulation 1is lOO%, Al = Dl and the sine-wave

response is sometimes given as
A, (w)
=

D
1

The sine-wave test of a lens consists in measuring the sine-wave response

R{w) =

at selected frequencies from very low frequencies to frequencies at which
the lens response approaches zero. A typical plot of response vs spatial

frequency might look like this.

100
Percent 50 }—
Response
S I T AR N N N |

0 25 50 5 100 125 150 175 200
Spatisl Frequency - Lines/mm

The response of a film is found by using the film to photograph sine-wave

test objects through a lens. The photographic images on the test film are
developed along with special calibration images that make 1t possible to

plot the transfer characteristics for the film. Because the photographic
process 18 nonlinear, the photographic image of a sine-wave test object is

nct sinusoidal, either in transmission or in density, and it becomes necessary
to state the sine-wave response of a film in terms of the effective exposure
rather than of transmittance. The effective exposure modulation of the film
Au(w)/DE can be found by projection of the maximum and minimum density

values back through the transfer characteristic of the film. The effective

B-11
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exposure modulation is then referred to the object space of the lens by
projection through the transfer characteristic of the lens. This procedure
is illustrated on the opposite page.

A (w)

5 is then compared with the test object
1 1 A3(w)
~— , where the ratio

Dy Ay

of the lens and film. It follows then that the response of the film alone,

The effective input mecdulation,

modulation, is the combined sine-wave response

RF<W>, is obtained by dividing the response of the lens-film combination,

RLF(W), by the response of the lens, RL(W), since

RLF(W) A_(w) A A3(W)
and Ry(w) = W T TR B Go) = A (w)

Since A3(W) = AM(W)’

<
=
>

]

Ay (w)
L . s . .
where KETGT is by definition the response of the film. By a similar,

argument, the effective response of the test object can also be divided

out if necessary.

B-12
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As 1s done in electronic circuitry, the subsystem can be divided into
elements such that the output of each individual element is independent
of the characteristics of the next element; for example, the image formed
by the lensg at the film plane is independent of the smear caused by IMC

¢ error. Under this conditicn and with the assumption that the system is
linear, the output of one element can be treated as the input of the next.
Therefore, the sine-wave response of each element can be multiplied to
cbtain the combined effect of two or more elements. Once the sine-wave

response of the film has been determined, any system of elements ahead of

the film that complies with the above restrictions can be combined with

the film by multiplying the response of the individual elements, frequency

by frequency.

B-1h4
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APPENDIX C
IMAGE SMEAR

The magnitude of the image-motion compensation (IMC) error, or smear, in
the film plane can generally be determined from camera tolerances, For
performance studies, it is necessary to convert the image spread caused
by smesr to a modulation transfer function. The following discussion in-
dicates the method of converting the calculated values of smear to a

modulation transfer function (MTF).

Figure C-1 1s the Line Spread Function that appears on the film of a
point obJect 1f the slit (shutter) is 100 percent efficient. The point

is smeared to a dlstance 'Tb, and no other degradations are present.

!

i

| A

| 1/
| C

-T T
0/2 0/2
FIGURE C~1

If the slit is not 100 percent efflcient, then two things happen:

“a. The total smear is slightly longer.

b. The edges are no longer as sharp.

C-1
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This 1s depicted in Figure C-2,

1
_}__
«12

rola

h

| I

|

rﬂ-——-—’To=W—;; —D—i}-*-éz d

v 2
FIGURE C-2
where: d = Diameter of the cone of light at the slit aperture plate

w = S51it width
OV . .
== Uncompensated image motion

Note in particular that the definition of 7'0 is the smear that would

cceur if the slit were 100 percent efficlent.

With reference to Figure C-2 the total light that would have produced
the imaege if all points had received the same amount of light is pro-

portional to:

h(w + a) é%

The total light that produces the image 1s proportional to:

h['(w+d)+(w-d)] &

o) v v

The ratic of these two quantities is used as a measure of slit efficiency

and is denoted by E. Therefore:

c-2

Approved for Release: 2024/01/30 C05098943



4
C05098943 Approved for Release: 2024/01/30 C05098943

L and d = E—:QEE
w o+ d E

In terms of the E notation, the length of the base of Figure C-2 is:

o _ oy o To
(w + a) v v (E) E

The length of the top is:

A w-w B  To(eR - 1)
(W'd)é\%"%(w' ) T TR

By theory of linear systems then, if the area of Figure C-2 1s normalized

to 1, the MIF ig the Fourier Transform of the resulting function. This

function is shown in Figure C-3.

I..uro<2E - 1)/E ~»—|

P-&-————- 7B/E e

FIGURE C-3

There are several ways to obtain the transform of Figure C-3. The method
used was to appeal to the linearity property of the Fourler Transform and
recognize that Figure ¢-3 is the difference between the two triangles
given in Figure C-L. ’
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by
ny
T.(2E - 1)/E
To/E
FIGURE C-k
The values of hl and h2 ~atisfy the relations:
' 1
hy -h, = 7
and
h2 TbiEE - 1)/E 2E - 1
If these equations are solved, the result is:
1
by = 2To(l - E
n o= 2E = 1
2 2To(1 - E
Now the transform of the triangle in Figure C-5 1s:
gin < 2
G(v) = B(—¢—)
where B = AT&; K = ﬂ7—lb’; and WV = Spatial Frequency.

C-4
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FIGURE C-5

Therefore the Fourler Transform of Flgure C-3 is:

2
To sin (WT,/oR
¢ (v) = o i o (EE') [ nﬂéﬂg/ag}(: )]
2
o - 1 > (TQ(2E - 1)) [sin (MvT,(28 - l)/2E]
- (?To(l - E) 28 MyTo(2E -~ 1)/2E
G (V) =< =5 E > [sm (MuT_/2E) - sinz(ﬂvTO(E -1)/23)]
Ty TO (1 - E) .

<in(ﬂuT ) (“m ["“T T - l]
or G u’
'ﬂ\f o

Ml ( ~—-l)

The MIF's for two shutter efficiencies can be obtained from the nomograph
in Figure C—6, which has been derived from the preceding equation. For
example, if one follows the dotted line from the lower right to the upper
left, & smear of 2.9 microns at & spatial frequency of 100 lines per milli-
meter corresponds to a transfer factor for smear of 85 percent at a 74

percent shutter efficiency.

C-5
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Because the camera is designed to provide a nominal 0.007-inch clearance
between the slit and the omulsion surface, and the relative aperture is
£/3.95,the diameter of the light cone at the slit (d) 1s0,0018 inch. Let
the slit width (w) be 0.0085 inch. Substituting these values in the shutter-

efficiency equation:

\ W 3 0.0085 _ R
Shutter Efficiency = —— I = 05.0085+0.0018 82,5 percent
Onee the normalized smear plus shutter efficlency curve has been cal-
culated, the modulation transfer factor at a given spatial frequency in
lines per millimeter may be read from the appropriate scale for the cal-
culated value of image smear. By multiplying the MIF for smear by the MIF's

for other elements of the system, a combined MIF describing the system can
" be determined.

C-7
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APPENDIX D
SMEAR BUDGET

D.1 SMEAR ALLOCATION AND SUBSYSTEM PERFORMANCE TOLERANCES

If the location, attitude, and orbital parameters of the satellite are known,
it is theoretically possible to determine a film velocity that would exactly
compensate for ilmage motion along the center line of the photograph. Errors

in knowledge of satellife location and attitude, the small changes in atti-
tude during exposure, vibrations in the film drive mechanism, and the discrete-
ness of the film velociltly steps can cause slight errors in image motion compen-

gation that will produce smear.

" For this 1ssue of the EAR, an improved method of calculating total smear has
been used. This method is explained in Section D.1.1. Total smear is defined
as that on-axis smear which will be exceeded in less than 5 percent of the

frames from a single missgion, with a confidence level of 95 percent. Table D-1

gives the formulas for the X and Y components of smear at the center of the

field.

D.1.1 Smear Budget Theory

Each on-gxis contributor is assigned to one of two categories:

a. Category A consists of those contributors whose
smears vary independently within a single migsion.
The smears produced by individual members of
this category can be root-sum-squared.

b. Category B is characterized by the property that
the smear which its members cause is different
from mission to mission. Because these smears

Approved for Release: 2024/01/30 C05098943
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are not variable within a mission, they cannot

be root-sum-squared with the members of Category A.
Because these category B contributors are inde-
pendent, however, they can be root-sum-squared
within themselves,

The smear contributed by Categories A and B must be combined to produce an
¢+ over-all allowable smear that will not be exceeded in 95 percent of the
frames taken during any one mission at a 95 percent confidence level, The

total smear is computed by the following formula:

Total smear, Sx or Sy = Q SA + SB

_ [12. 5 . 20, » »
Q Zsi Zsi (1)

i=1 i= 13

Where: S. is the smear due to the 1th contributor listed in Table D-2
i

§, = Smear due to the combined Category A (within mission)
contributors,
SB = Smear due to the combined Category B (between mission)

contributors.

Note that the smear for each contributor corresponds to its two-sigma
variability as given in Table D-2, so that Si = 2(7&. The 95 percent
confidence level is established by assuming that during any single mission
the B category smears combine to give a smear approximately equal to the

two-sigma variability of their sum. This value (S is then treated as a

B)
constant for the mission and for the analysis which follows. Note that a
confidence level of 95 percent is quite conservative. The A contributor

distribution is then considered to be shifted, with its mean at SB during

Approved for Release: 2024/01/30 C05098943
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s mission (See Figure D-1). The 95 percent probability of having a total
actual smear less than or equal to the total allowable smear is established

by choosing the factor Q correctliy.  If the Q chosen is too small, the

smear computed by equation (1) bounds less than 95 percent of the cases. If
the Q chosen is too large, the smear bounds more than 95 percent of the cases.
There is one @ such that the total smear either side of zero, as computed by
equation (1) bounds 95 percent of the area under the(shifted) A-distribution.
This is the one that is used. Two extreme cases of this situation are illus-
trated by Figure D-1. In Figure D-1A, SB is essentlally zero, so that the
A-distribution is not shifted. The number of standard deviations (sigma

units) which include 95 percent of the A-distribution is by definition, 1.96(2&
or 0.98 SA’ gsince 8, 1s a two-sigma smear. In Figure D-1B, S

A is large.
In this case Q = 0.83,

B

For the G-System, on axis, Q is approximately 0.92, since the "B" contributors
are small, but not zero. In actual computation, the factor Q is determined
iteratively by computer to establish the 95 percent probability for any given

smear budget.
D.1.2 Assigmment of Contributors to Sources

A different breakdown of smear contributors is required to separate the con-
tributors according to their source. Each contributor attributable to the
payload section 1s placed in one group, and those resulting from the OCV are

placed in another. Tracking contributions belong to a third group.

The total smear (in the ground plane) attributable to the Camera Payload

igs computed ag foilows: The value of the individual smear contributors

D-3
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Probability Density
/// Function of Smear
95%
[ 5
- Total O + Total
Smear Smear
Q = 0.98

Figure D-1A. "A" Contributors Only

Probability Densi.
Function of Smear

I~

Iy

- Total _ + Total
Smear Q=0.83 Smear

Figure D-1B. Large "B" Contributors
("A" Contributors Shifted an Amount SB)

Figure D=1, ©Smear Probability Deéensity

D=L
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(Xi’ Yi) are taken from Table D-2. These calculations are based on an
0.0085~inch slit width, at a 70 n mi altitude, and vertical photography.

~ 2, L[
Sg(c/p) = ¢ X A\ LK
i=8 i=18

0.49 ft (@ = 0,92)

i
i}
i}

5.9 in.

\F; \/ﬂ?
SY(C/P) =y yyy Ay Yy, = 3.11in=0.261t (Q = 0.92)
i=28 i= 18
Similarly, the OCV contributors total as follows:
1\/7 5 17 |
Sx(ocv) = Q EIXi * X, = 2.0in. = 0,17 ft (Q = 0.92)
i=2 i= 15
“I’ .\J/Y 5 ﬂv/17 5
Sy(ocy) = © §:Yi V¥, = bhin. = 0,37 £t (Q = 0,92)
i=2 i=15

The only tracking contributor (Xl, Yl), (knowledge of altitude) vields

smear of:

Sery = 25 in = 0.21 7t (Q = 0.92)
SY(T) = 0 in = 0 ft
D-5
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For the 15 degree stereo, 30 degree obliguity, -2.0 degree crab case at

70 n mi, the results of solving the above eguations are:

SX(C/P> = 9.2 in. = 0,77 ft

SY<C/P> = L.3in. = 0.36 f%

SX(OCV) = 6.21in. = 0.52 ft

Sy(ocy) = 7.4 in. = 0,62 ft

SX<T> = 3,1 in. = 0,26 ft

SY(T) = 0 in. = 0 ft
D-6
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Component of smear on

ith contributor

Component of smear in

the ith contributor

Component of smear on

ith contributor

Component of smear in

ith contributor

S1it width

TABLE D-1 (Continued)
NOMENCIATURE

ground parallel to the ground track for the

the image plane perpendicular to the slit for

ground perpendicular to the ground track for the

the image plane parallel to the slit for the

True altitude of the camera above ground

Focal length

Uncertainty in knowledge of gltitude

Stereo angle of line of sight

Stereo mirror angle =

/2

Uncertainty in stereo mirror angle due to errors in the positioning

mechanism

Obligquity angle of the line of sight

Crab Angle of the mirror

D-11
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Vib =

AV, =
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TABLE D-1 (Continued)

NOMENCIATURE
Roll angle errér (includes error in obliquity maneuver)
Pitch angle error
Yaw sngle error
Roll rate error
Pitch rate error |
Yaw rate error
Vehicle alignment error about roll axis
Vehicle alignment error about pitch axis
Vehicle alignment error about yaw axis
Error in crab compensation (steps and servo error)

Amplitude of the linear velocity error of the platen due to vibration

(oscillation)

Amplitude of the linear velocity error of the platen due to discrete-

ness and drift of the drive mechanism and/or electronics
Angular error in stereo mirror crab alignment (radians)

Angular error in stereo mirror stereo aligmnment (radians)
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APPENDIX E
EXPOSURE MODUIATION AND RESOLUT ION

2=}
fass}

TTTRODUCT ION

The performance of this reccnnaissance system is spescified in terms of

the ground dimension that can be resolved through the system, using

standard Air Force resolving-power targets at 2:1 contrast. These square-

wave targets, therefore, musgt be used in finally evaluating the performance

cf the gystem. During the development of a system, however, it ig more

convenient to analyze system and component performance by sine-wave response

techniques. In order to take advantage of the mathematical simplicity of

the sine-wave regponse technique to describe a photographic system, it is
. necessary to establish the relationship between the limiting resclution

2 the gystem to a square-wave test object and the sine-wave respcnse of

the gystem at the limiting resolution frequency.

Tnis appendix describes the mathematical and experimental procedures used
for the prediction of limiting resolution when the lens system i1g degcribed
Ty a theoretical sine-wave regponse curve and the film is characterized

ry measured data, elther in the form of a sine-wave response curve oOr a
calibration curve of the limiting resolution freguency of the film vs
erial lmage modulation. The term, aerial image modulation, refers to

the actual modulation of light incident on the film as distinguished from

the effective input modulation defined in Appendix B.
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E.2 THE EQUIVALENCE OF SQUARE-WAVE AND SINE-WAVE ANALYSIS FOR THE PREDICTION
OF LIMITING RESOLUTION

The relationship between sine-wave and square-wave response can be sghown by
considering the simple case of a lens. Because the sine-wave and square-wave
responses of a linear system are mathematically related, it is possible to

predict the square-wave resolution of a lens from sine-wave regponse data if

the characteristics of the resolution measuring device can be defined. Two

factors need to be specified: (1) the contrast or modulation of the test

object and (2) the threshold aerial image modulation to which the meaguring
device will respond. (Note that a lens contributes no noise, and the average
light level in the image is assumed to be well above the absolute sensitivity

of the receiver.) Equation 10 of Appendix B can be restated as follows:

= = _
Ml (w) Mg(W) (1)

where ﬁi is the square-wave modulation of the test object, R (w) the sguare-

wave response of the lens at frequency (w), and M. is the square-wave aerlal

2
image modulation. The square-wave response, R(w), is given by the expression

R LD (RN CH N G

(2)

where R(w) is the sine-wave response at w lines/mm in the absence of

astigmatism.

L7 ow. Coltman, "The Specification of Imaging Properties by Response to
A Sine-Wave Input," Journal of the Optical Society of America, June 195k.
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Astigmatism is a field aberration and is not present on the axis of the
photographic system. When HE 1s the threshold square-wave aerial image

modulation of the receiver and M, is known, then the threshold square-

wave regponse of the lens, §, cai be determined by equation (1). Using
the sine-wave response curve of the lens and equation (2), the frequency,
w, corresponding to the threshold square-wave response can be determined.
This frequency is the limiting resolution of the lens. It is important

to note that in solving equations (1) and (2) for the limiting resolution
frequency, the square-wave response, R(w), 1s required only at or near

the limiting resolution frequency where the higher order terms of equation
(2) become negligible. Transformation from sine-wave to square-wave

response, therefore, may be simplified by the following approximation, since

B%gﬂl and succeeding terms of equation (2) are small compared to R(w):

& Ryl R(w) (3)

Since the threshold serial image modulation of a system generslly occurs
at high frequencies, the square-wave threshold response and the sine-wave
threshold response are related by the constant, L/T, and both occur at

the same frequency. Therefore, in determining the limiting resolution
frequency by thils method elther the square-wave or the sine-wave response
of the lens can be used, provided the constant, h/ﬂ, is taken into account.
For example, when measurements of the square-wave resolution of a known
lens are used to establish a practical value for the threshold aerial

image medulation, ﬁé, and when the sine-wave response approach is to be
used, the constant, h/ﬂ, is included in the experimentally determined

value of the constant ﬁé.

E-3
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In practice, equation (1) is written in terms of the sine-wave response of
the lens:

MlR(w) = MB(W) (&)

where M3(w) is a function of frequency which is referred to as the aerial
image modulation required at the resolution limit. In general, equation (4)
is more convenient for predictions of resolution and is valid for this

purpose as long as M3(w) can be determined by experiment.

E.3 AERIAL IMAGE MODULATION REQUIRED TO RESOLVE AIR FORCE TARGETS

In a photographic system, measurements of resolution depend in some measure

on the film granularity or noise in the system and the ability of the

receiving device to respond to small signals in the presence of this noise.

Every effort is made to eliminate both of these factors in sine-wave

response measurements; that 1s, apertures are selected to Integrate out

the effect of nolse and in general the signal level is well above the
threshold sensitivity of the measuring device. 3Because of the method of
measurement used, sine-wave response data alone do not provide sufficient
information for the prediction of resolution, since the noise affecting the
" regolution meagsurement has been filtered out. Threshold response charac-
teristics of the receiver and the effect of nolse in the system must be

introduced before the limiting resclution of the system can be determined.

Prediction of the lens-film resolution from sine-wave response data is
complicated by the fact that film cannot be treated as a linear element
of the system and the threshold contrast discrimination of the eye is

influenced by grain "nolse" or the apparent graininess of the film.

E-L
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Graininess, in turn, depends on the exposure used in producing the photo-
graphic image and the method of procegsing the film. To avold the problem
of finding a general mathematical expression relating these variables to

lens-film resolution, the following empirical methods are employed.

All of the effects associated with the film process, including granularity,
can be taken into account by means of a calibration of the particular film
and film process to be used in the system. Calibration of the film consists
in measuring the resolution of the film in combination with a lens for which
the sine-wave response 1s known. By varying the test object modulation, Ml’
and computing the modulation of light incident on the film, M3(w), from
equation (4), a calibration curve of limiting resolution frequency of the
film vs aerial image modulation of the light incident on the film can be
plotted. TLens-film resolution can then be determined from this curve for
. any system of elements preceding the film, as long as the modulation in the
aerial image can be calculated and average expoesure levelg are preserved,
The independence of element characteristics described in Appendix A must also

be preserved.

The calculated responge of the G lens is plotted in Figure E-1 for the limiting
case of zero smear (within tolerance smear levels will not significantly

degrade resolution). The experimentally determined Aerial Image Modulation (aATM)
required in the image plane to resolve a standard 2:1 contrast tri-bar target

on 3404 film is also plotted in Figure E-1. The points of intersection between
the AIM curve and the lens response curveg specify the predicted resgolution

of the system. As shown cn Figure E-1, the curves yield a system resolution

of 161 lines/mm along the slit and 149 lines/mm across the slit. The geometric

mean resclution is therefore 155 lines/mm.

E-5
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APPENDIX 10

POST FLIGHT REPORT
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SECTION 1
INTRODUCTION

This is the Eastman Kodak Company (EKC)} Post-Flight Report for Flight No. 38
(FM 39). It supplements the information presented in the Preliminary Flight
Evaluation Report (PFER), and describes the anomalies encountered during the

mission and the results of the System Test Objectives (STO) which were

performed.

This report supersedes all previously published documents concerning EKC

post-flight information from Flight No. 38.

1-1
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( SECTION 2
1 , ANOMALIES

2.1 LOOPER-FULL LOGIC NOT INITIATED WHEN THE TAKE-UP SIDE OF
LOOPER WAS FILLED WITH FILM

Analysis of telemetry data from operations on Revs 27, 28, 29, 31, and
32 indicated that the take-up looper was not emptied when it was filled
with film. No additional film was moved after the looper-full condition
was achieved. The looper was emptied by the camera OFF command. Only six
camera operations were commanded which would have moved more than a looper-
full (2.19 feet) of film. Five of these were the processing blanks (6.06
feet) moved prior to photography each rev. The sixth frame (Rev 27, Frame
‘. 8) was commanded with only 1.2 inches more than the looper capacity.
Commanding was changed in the message loaded on Rev 36 that restricted the
film quantity commanded to less than the looper capacity. The computer
program which assembles the commands restricted the maximum quantity of
film commanded each frame to 2.07 feet. The technical advisor was informed
that a camera OFF command followed by a camera ON command, a minimum of
0.1 second later, would empty the take-up side of the looper with little
photographic loss. This was evaluated by analysis and testing in Rochester
as soon as the problem was reported and determined to be a satisfactory

means for reducing any loss of targeting.

The logic of the film handling subsystem will normally cause the take-up

side of the looper to be emptied whenever any of the following occurs.

] 2-~1
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{by 5 cam on the
of the looper is

a, The looper-full micros
looper carriage when
filled with film;.

b. A camera QFF command (CB 7B) is received.

film tension switch is actuated by a decrsase of film

in
tension to 1.5 pounds or iess.

side of

up 1E -1. The supply side of the looper is filled with
film puiled from the supply reel by the looper carriage motion as the
take-up side is emptied. When the tzke-up side of the looper is empty,

a cam on the looper carriage actuates a microswitch stopping the take-up
moter. The only other mean:z for stopping the emptying of the take-up side
of the loopey once it i starvied 1s by removing the voltage (28-volt
cameva powar) frowm the camera payload {CP- command). ¥File is moved from

to the teke-up side by the camera drive

will deveiop a torgue sufficient to nroduce

rilm; which 13 substantially more

the supply side of the looper

icular case, the tenzion develeped in

han that for cvercoming the resistance of the
mend-brake on the supply resl {2.71 to 3,25 pounds).  When the take-up
side of the logper fills, the camers drive motor will prebably stall
because it cannot develop enough forque to ovevcome the hand-brake and
pull £ilm from the supply reel. HNeither ths drive motor nor the electronic
package supplying the moior power is damagsd when in the stalled condition.
No loss of tension was cobserved in the telemetry for any of the six

cccasions when g quantiily capacity was
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aowe cted, A loss of tension would have caused the take-up motor switching

.0 start the take-up motor. The loss of tension indication did occur

ins £ilm was run out. The telemetry also indicated that the looper
i.ye traveled to the end of its travel (94-98 percent on CPL 17) each

v “he looper filled. The same level was observed when the film handling

suisystem was operating normally prior to Rev 27. See Figure 2-2.

On 6 June, the anomalous conditions noted on the telemetry were simulated
wy Law oa the engineering model payload. The looper carriage was kept
Frow actuating the looper-full switch by stopping the carriage motion early.
Tn thls simulation the camera drive motor pulled film from the supply reel.
The iwnsion of the film dropped low enough (1.5 pounds) to trip the film
tension switch which also starts the take-up motor. The camera drive motor
on the engineering model was capable of producing a higher torque than the
‘l' one on this flight. In order to more closely simulate the flight conditions,
the band-brake friction was raised to increase the film tension required
about 0.5 pound. This produced results similar to those observed during the
mission {processing blanks on Revs 27, 28, 29, 31, and 32). It is therefore
concluded that the anomalous condition was encountered because a signal did not
reach the take-up motor switching relay when the take-up side of the looper

was filled.

Tne lack of a signal for the take-up motor switching circuit may have been

czusad by any of the items listed below in order of probability,

Microswitch failure.

[

Microswitch position changed.
Position of cam which actuates the microswitch changed.
Open EMI filter.

G 0 T

2-4
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Section 1

Introduction

This report describes and evaluates the performance of Camera Payload ,
FM 39 during Flight No. 38 (L-12 June 1967).

The data normally generated by the Performance Evaluation Team (PET)
was not avallable at the time of this writing. As a result, material
contained in this report is based strictly on studies and data gathered
during post-flight analysis at Eastman Kodak Company (EKC),

This report supprlements the "Post Flight Report" (R-008690-RH),
Because of its sensitivity this report is classified Top Secret in accor-
dance with paragraph 3 of SAFSP document number V-2428, dated 21 August
1963, :

@y

Approved for Release: 2024/01/30 C05098943

~



4
C05098943 Approved for Release: 2024/01/30 C05098943

R-008730-R1
PAGE 5

Section 2

Summary

EKC Photo Science reported the photographic quality of the
mission was uniformly goed, Ground resolution calculations yislded cone-
sistent results, with a geometric mean of 3,0 feet, Because of the June
launch date high sun elevation gngles were encountered thersby permitting
extensive use of slit 1, The short exposure times minimized smear, whish
contributed to the uniformly good photographic quality achieved on FM 39,

Three platen adjust operations were made during the mission,
The first two movementis were made to compensate for positional errors,
The third platen movement, made on rev 106, compensated for the thimmer
base UTB film, S0-380, EKC Photo Science resolution estimates indicated
no observable change in resolution as a result of any of the three platen
movements,

Exposure estimates made by Photo Science indicated that
FM 39 exposure levels were generally good. Where improper exposure did
O occur, the error was generally due to overexposure, This can be attributed
in part to the high sun angle experienced during June,

, Some photography was taken during the ascending portion
of flight on rev 15 using slit 3. Results in this mode were generally
poor because of underexposure, resulting from low sun angles, and high
gmear levels.

Due to the absence of a PET report at the time of this
writing, film velocity variation numbers were available for quoting
only from Photo Science. EKC reported varjatiens in film veloocity,
detected in yaw slit images and by measurements of the 20 cps data track,
ag high as 2,5 percent, Excessive film velocity variations were reported
in frames 20-1, 31-2, 32-1 and 79-2, .

Ground test coast data was not in good agreement with
flight coast data, The large error is believed to have been caused by
an incorrectly positioned looper-empty switch which resulied in erratie
looper behavior and film pull throughs

Approved for Release: 2024/01/30 C05098943
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3.0 Primary Flight Objective

The primary objective for flight 38 was to conduct an
eight day rcconnaissance mission to obtain high resolution photography
of specitf'ic targets selected by the NRO., Based on data received from
BKC Photo tcience, it is concluded that the primary objective of Mission
L4038 was satisfied.

3.1 HResolution

The average resolutions reported by EKC Photo Science
are:

CORN Targets Miscellaneous Frames
Source Ft. Lines/mm Ft, Lines/mm
EKC Photo Science 3.24 86 3.0 111

(subjective)

3.1.1 CCRN Target Analysis (EKC Photo Science)

. EKC Photo Science reported ground resolutions varied
from 2.0 feet to 3.6 feet for the 11 COEN targets (6 X~direction,
5 Y-direction) photographed under good conditions and 2.8 feet to
5.0 feet for the 7 CORN targets (3 X-direction, 3 Y-direction)
photograrhed in hazy areas and deep shadows, CORN target resolution
data 1is shown in Table 3=1,1.,

3.1.2 Subjective Resolution Analysis (EKC Photo Science)
Subjective resolution estimates which were made by EKC

Photo Science on 20 frames are summarized in Table 3-l.2, As indicated
by this table Flight 38 photography was of uniformly good quality.

Approved for Release: 2024/01/30 C05098943
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3.2 Focus Control Component Operation

Telemetry indicated that operation of the Focus Contrel
Component was nominal through rev 117, On Cook station contast 119,
rev 118 data, it was found the on-board recorder had malfunctioned,
Consequently only real time data was received for the remainder of the
migsion. A8 a result, no focus data was available for the final 1L
revs, Since resolution remained good during the balance of the mission
it can be assumed that the platen was positioned near the plane of
best focus for the entire flight,

~ While the recorder was operationél, 34 focus exerocises
vwere performed, In 29 of these exercises, data validity estimates
ranged from fair to goods

Between revs 6 and B5, the Focus Control Component indicated
that the average PBF was approximately .0002 inches from the point where
the platen was positioned, To compensate for this error and an antiocipated
further shift of PBF away from the lens the platen was moved ,000L inehss
away from the lens on rev 86, Focus data continued to indicate that the
PBF was further from the lens than the platen was positioned, Consequently,
on rev 10l the platen was moved an additional 0004 inech,

The third and final platen adjust eceurred on rev 106,
This was a movement of ,001 inch toward the lens to compensate for the
thinner base UI'B film, S0-380, Reports from EXC Photo Science Team
indicated that no observable change in resolution could be detected after
the first two platen movements and that the UTB photographic quality
was comparable to the Type 3LOlL,

It is concluded that the Focus Control Component functiened
properly during flight 38,

33 Smear

Tsble 3.3.1 lists EKC smsar data for lems fisld angles
of $3.2 degrees along wifh the expected smear (0,8 ¢ smear contributors)
at the edge of the lens field, Average smear levels provided by EKC
Photo Science wers well within expected limits with the excsption of
Y-direction smear levels at the far side of the data field, Frames 5-1,
8-1, and 32-1 had excessive smear values which significantly contributed
to the high average smear value for this Y-field position. 77,3 percent

of the in-track smear levels and 68,6 percent of the cross-track smear
levels reported were less than the expected smear values,

Approved for Release: 2024/01/30 C05098943
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ERC SMEAR ESTIMATES

Expected Smear (Microns)

Measured Smear (Microns)

Y~-Smear

X~Smear

Y-Smear

X-omear

Rev/Frame

- 3.2¢ 3.2° - 3.2°

3.2°
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A factor contributing to the relatively low average smear
levels obtained during flight 38 was the June launch period, Relatively
high sun elevation angles are encountered at this time of the year, allowing
for use of the narrowest slit width, ,0085 inch, for a high percentage
of targets, Of the 22 targets where smear data was provided, 20 were
photographed using the ,0085 inch slit, Since smear is linearly
proportional with exposure time, the high percentage use of the narrow
slit significantly contributed to the low average smear values obtained,

o

3,4 Exposure

The absence of a PET report has prevented the quoting of
specific exposure data, However, based on EKC Photo Science subjective
data, exposure during FM 39 was generally good,

Where data was reported, exposurs was generally good with
the exception of exposure data reported on rev 15, The first six frames
on rev 15 occurred on the ascending portion of flight using slit 3,
Under-exposure resulted for these frames, These results were not too
surpriging in that sun angles for these frames ranged from 0,1 to 5,1
degreea, Except for rev 15 the narrow slit was used extensively,

Shown below are the flight 39 slit usage figures:

Slit Nog No, of Frames Percentage of Total
1 92 88.7
2 66 | 602
3 Sk Sel

3.5 Film Velocity

As shown in Figure 1, ground tests made on stop transients
were not in good agreement with flight results, the average error at any
film step being approximately one inch, Flight coast data was obtained
from 463 frames, 206 of which were at film speed step 6L, the film velocity
used for runouts and processing blanks,

Dengity measurements were made on several of the frames
that indicated additional film coast. These measurements wers made in
an effort to determine the nature of the film coast,by calculating the
variations in film velocity after the camera was commanded off, The
approach taken was to make exposure measurements along the flight record
from camera turn OFF to slit burn-in, a distance D, Film velocity and
exposure are related by:

-

——
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‘ Vf(D) L2269 B (0)2! R
E()T
where Vf(D) = film velocity during camera OFF
(in/sec)
E (D) = exposures during camera OFF period (mecs)
B (8) = scene luminance at a sun angle,
8 (foot-lamberts)
W = slit width (inches)

lena T-atop

The film velocity, Vg, relative to the time the camers
was turned OFF was then plotied versus the distance D; These curves
are shown for two frames in Figure 2, These curves show that the
film velocity began to decrease as expected when the camera was turned
OFF, However, the film velocity on these frames suddenly increased,

It was calculated that this increase in film velocity occurred

' approximately at the time the looper carriage reached the looper-emtpy
microswitch, Therefore, it was concluded that the looper-empty micro-
suitch may not have been correctly positioned during the flight thus
allowing the looper carriage to strike the mechanical stop. The impact
of the looper carriage striking the mechanical stop resulted in additional
film to be advanced past the slit accounting for the increase in film
coast,

There was no indication during Camera Payload testing at
EXC that the looper-empty microswitch was incorrectly set. Due to the
location of this switch howewver, it is susceptible to being bumped and
possible misaligned, Also, while making an adjustment to the looper
film capacity at VAFB, the looper-empty microswitch was repositioned,
It is possible that a misalignment may have occurred at that time or
while work was taking place in the vicinity of the looper-empty switche

a#t
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