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- PREFACE -

This’data book has been prepared by the National

Reconnaissance Office with the assistance of the National
Photographic Interpretation Center to provide a ready

reference for operations and analysis.
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FORWARD

This Data Book provides an authorative, single-source reference of the
Corona J-3 Satellite Search-Surveillance System objectives, require-
ments, constraints, configuration data and engineering data. The term
J-3 System encompasses the Thorad (sLv-2G) Booster, the Agena (S5-01B)
Space Vehicle and the payload section including the panoramic cameras,

DISIC, recovery and space structure subsystems. This document is based

on current best information (base-line data and designs) and is intended
to describe the system configuratlon as of July 1967. Fhere—wil
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OBJECTIVE

~ The objective of the Corona J-B/'ystem is to obtain recoverable

photographic reconnaissance data of specified geographical areas from

| a satellite vehicle. The fundamental purpose is to provide extensive

stereoscopic coverage of the ground for intelligence acquisition. The _
secondary function is to provide photogrammetric control data as

required for cartographic aﬁd geodetic compilations.

The J-3 System supersedes J-l. Significant design changes and improve-

ments are enumerated as follows:

s B

Parameter .g'_i J=3
Booster Thrust-Augmented | Thrust-Augmented
Thor Thorad

Active lifetime 11 days 14 days
Camera operating altitude 90-240 N.M. 80-200 N.M.
Perigee altitude 90-220 N.M. . 80-110 N.M.
Ground resolution 10-12 ft. 7-8 ft.
Forward overlap 7.4% - 7.6%
Weight on orbit

Agena 271 2,28

P/L Section 133 1754 -

3404 lbs. 4182 1bs.

Mode of flight Aft Forward Nose Forward
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farameter

Payload
Diameter
Panoramic|Camsras

Scan Function

FMC

50.5 inches

360° rotating lens
and oscillating

scan head

‘Translating Lens

Internal Calibration None except PG

Stellar Index Camera *

Units/System

Lens/Camera
<:> "Field of Viéw
Focal Length
Film loading/
Camera
Horizon Cameras

Filter

Fiducials

Do wr, -- d Yy
eliliTi Systonm

flights

Double frame camera

2

Terrain Stellar
1 1\‘
70° 16°

38 mm. 85 mm.

400 400
frames frames

Wratten 25

g:z,

»

60 inches

360° rotating lens

and scan head

Nodding Cameras

Panoramic
Geometry

DISIC
1
Terrain Stellar

1 w2

4 2350

3 inch 3 inch

4800 16,000
frames frames

wratgen 25 plus
commpndable
attenuator

4 plus one for
reference
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SECTION III
REQUIREMENTS

The Corona J-3 System is capable of obtaining stereoscopic and
m§§5§t¢p&s4photdgraphy by using panoramic cameras operating in orbit.
The panoramic camera photographic scan angle is 70 degrées, Yielding '
& swath width of 130 nautical miles at a satellite vehicle altitude of

90 nautical miles. For a single mission at 90 nautical miles altitude

" the normal panoramic film capacity represents a total stereo ground

coverage of 6.2 million Square nautical miles. The banoramic camera

subsysten is capable of being programmed for the desired portion of

m;« A

the ground track on any éiven orbit. Supplementary provisions are
provided to locate the vehicle Position at exposure within one quarter
minute of arc at the local horizon in relation to concentric earth

coordinates, with a corresponding time determination within one millj-

second.,

A Dual Stellar Index Camera (DISIC) is' used to obtain terrain and stellar
photography., This caméra is capable of running in a slave mode to the.
Panoramic cameras or on an independent basis, The J-3 System is capable
of performing missions of 14 days duration with early call-down capa-

bility. Dual reécovery vehicles each having a capacity for one half the

nominal mission. Recovery of the first capsule usually precedes continuation

of the second half of the mission{ however, should operational factors dictate,

the film take-up function can be switched to the second capsule on ground

-
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A Thrust-Augmented Thorad Boost Vehicle (SLV-2G) and a modified standard
" Agena (SS-01B) are used to launch from Vandenberg AFB (VAFB) SLC-1-E and
'SLC-3-W. In addition to performing the function of second stage -boost

vehicl_e, the Agena also serves as a stabiiizéd sateilite'platform for support-of

the photographic mission and re-entry vehicles. The reentry vehicles con-
taining the photographic record will be subject to air retrieval‘ over

"

watéf, or altern.atively to water retrieval. On-orbit control will be

performed using the Satellite Control Facility (SCF).

l

A general summary of the System flight parameters is tabulated below.

J=-3 FLIGHT PARAMETERS

Parameter . ' Design Range

O Active lifetime . .l days | .
Camera operating altitude ~ 80200 N.M. . - 80-120 N.M.
Period - 88-91.5 Min. | |
Perigee altitude 80-110 N.M.
Inclination - 60°=110° : | 80°-97°
Location of perigee 20°-60° No. Lat. Descending
Beta angles +65° to -65°
Reentry time-first capsule 1 to 10 days 6 to 7 days
Reentry time-second capsule 2 to 1 days 1, days

The spatial position of the camera station can be determined to an

accuracy of 1200 feet intrack, 600 feet crosstrack, and 600 feet in

altitude,
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SECTION IV ' : .

SYSTEM DESCRIPTION

Figure 1 illustrates the launch configuration for the Corona J-B. ‘

Systen.

LAUNCH VEHICLE

The launch vehicle consists of a first stage SLV-2G Thrust-Augmented
Thorad booster, a modified S5-01B Agena satellite vehicle functioning in
an ascent mode as the second étage booster, and WECO/BTL radio guidance equip-

ment for tracking and steering the booster vehicles into the desired orbit.

The SLV-2G Thrust-Augmented Thorad Booster

W

The Stage I booster veﬁicle performs the‘following funciions during tﬂe
ascent phase of the 'ission.

A. Provides thrust required to boost the satellite vehicle and payload
from the launch pad to a sub-orbital velocity compatible with the mission
profile and booster vehicle performance capabilities,

B. Performs preé-programmed maneuvers to orient fhe launch vehicle
configuration to the desired flight azimuth, maintains heading within
range safety boundaries, and éxecutes yaw maneuvers when required to achieve
the azimuth necessary for particular orbits.

C. Maintains attitude control and responds to guidance steering
commands so that the sub-orbital burnout condition is achieved within
specified tolerances, Guidance commands shall be transmitted to the Stage I

booster from a receiver located in the satellite vehicle.
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D. Provides tracking signals during ascent for range safety impact
calculations and is capable of receiving flight termination commands and
destructing the booster when commanded. Destruct signals shall be for-
warded to the satellite vehicle from the receivers located on the Stage I

boosten
E. Separates from the satellite vehicle at the required sub-orbital

flight condition by means of a retro-velocity maneuver without induczng
rotational torques din the satellite vehlcle.
F. Provides telemetry data concerning booster vehicle equipment

status, enviroqments, and occurrence of key events,

The SLV-2G Thrust-Augmented Thorad is a vertically launched, liquid-fueled
space booster powered by a main gimballed ro;ket engine and three thrust
augmentation solid propéllant rocket motors. Pitch and yaw control is
provided by gimballing the main engine in the pitch and yaw planes during
powered flight., Two gimballed vernier rocket engines provide roll control,
and augment the main engine in providing pitch and yaw attitude control
prior to main engine cutoff (MECO). Liquid propellants consist of RJ-l

for fuel and liquid oxygen.

The booster configuration is illustrated by Figure 1, and consists of six struc-
tural sections. From forward to aft, the sections are deslgnated' transition
section, adapter sectlon, fuel tank, center body section, oxidi er tank and
engine/accessories section. The solid propellant motors attached externally

to thesides of the booster structure, are jettisoned early in the flight

after their burnout has occurred some 4O seconds after liftoff.,




" At the time of booster separation from the satellite vehicle, a retro-
velocity is imparted to the booster by solid rockets attached to the
Stage I/satellite vehicle adapter. The adapter remains attached 1'.6 the

- Stage I boosier throughout separation, and carries with it the satellite

. vehiclp's range safety destruct charge.

Weight Budget o . :

The nominal weights for the SLV-2G Thorad booster are:

Ttem ' Weight Total Weight
—(1bs) (1bs)
Weight Empty ' | 7,795
Propellants o ’

Pressurization gas

O Solid Motor Boosters (3)
Stage I Weight at Liftoff . 13,8 -

Less Expendables 92,087 -

Less Solid Motor Cases (3) 4,809
(Burnout at 40 sec.)

Weight at Solid Motor Separation _ 86,587

(100 sec.) | '
Less Expendables 77,095

Weight at Main Engine Cutoff . | 9,492
(218.4 sec.)

Less Expendables 193 .

Weight at Vernier Engine Cutoff 9,299
1927.1; sec. ) :




ERANITY L ""Cﬁ X

Guidance and Control

From liftoff until initiation of radio command guidance, the boostgr is
controlled by an autopilot flight controller. The flight controller
maintains booster stability and directs the booster to the guidance

initiation point as programmed for the flight. Programmed maneuvers are

- implemented by a punched tape programmer/timer to actuate various portions

" of the control circuits. Subsequent to completing programmed orientation

maneuvers, the guidance relay is locked in and the booster responds to
guidance command steering adjustments provided to the flight coﬂtroller
from the receiver located in éhe satellite vehicle. Radio guidance |
steering is enabled-by the flight controller and is terminated for booster

steering by the ground guidance equipment just prior to booster main englne

cutoff (MECO). MECO and satellite vehicle separation are commanded. by

radio guidance. All ascent guidance functions, with the exception that
MECO occurs through propellant depletion, are backed up by a nomlnal flight
program of stored commands in the event of radio guidance failure. With
radio guidance, an accuracy of one percent of the computed radio guidance
steering commands is achieved, If radio guidance is lost, the booster
flight controller guides the booster to the burnout condition within the
operational tolerances of the equipment. These are: + 5 degrees in
flight path angle, 9.6 nautical miles in position, and 450 feet per second

in velocity. . -

10




Propulsion

The propulsion subsystem of the SLV-2G consists of a main liquid

rropellant engine, two liquid propellant vernier engines, and three

solld propellant thrust augmentation rocket motors. Nominal performance

characteristics for the propulsion subsystem are:

Liquid Engine

Sea Ievel Thrust

Total Impulse ~ Vacuunm
Solid Engines

Vacuum Thrust

Total Impulse = Vacuum
All Engines

Total Impulse = Vacuum
Main Engine Burn Time
Vernier Engine Burn Time
Solid Motor Burn Time

172,120 pounds
41,621,055 pound seconds

179,101 pounds
6,476,306 pound seconds

48,097,361 pound aécox.:':ié'
218 seconds ‘
227 seconds

40 seconds

Characteristics of the liquid propellant rocket subsystem are:

Fuel

Oxidizer

Thrust (SL)

Mixture ratio

Specific Impulse (SL min)
Propellant Utilization (min)

RJ=-1 conforming to Spec MIL-
F-25558

Iiquid Oxygen per Spec MIL-
P-25508

172,120 pounds

2.15 } 2 percent

248 sec

99.6 percent

Sl

Sy
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Characteristics of each of the thrust augmentation solid motors are:

Axial Spegific impulse ~ Vacuum 271.8 seconds

Thrust (nominal during web burn) 59,700 pounds

Total Impulse 2,158,176 pound seconds
Operational temperatu;e range K l@' to 1LO°F,

Electric Power ’

The booster electrical powef subsystem provides a source of A.C. and D.C.
power required by the various booster vehicle components and equipment;
however, the booster does not 'supply electrical power across the interface

to the satellite veh;cle.

‘Flight Termination

Bl

ehicle consists df'A‘r _. 

O The range safety equipment installed in the booster
two command destruct receivers and two separate antennas. Each coqmand
destruct receiver is supplied with power independently of the other.} The.
receiver outputs for destruct commands are fed into the safety and arming
mechanisms. A destruct command signal is also provided to the satellite

vehicle through the interface.

Telemetry and Tracking

The booster vehicle PDM/FM/FM telemetry subsystem provides a telemetered
data for post-flight analysis of booster performance, environments, and
sequenced events. Diagnostic data, suitable for analysis of booster mal-
functions, is-also obtained. The booster does not require a separate

beacon for tracking purposes.




SS-01B Agena Satellite Vehicle

The satellite vehicle performs both ascent and orbital runctions. The
ascent mnctions are to'

A. Provide thrust required to attain injection of the satellite
Vt-hicle and payload into the specified orbit. ,
B. Matntain attitude control and respond to guidance steering
commarnds 80 that injection into orbit is accomplished within allowable
tolerances. 3

C. Provide a means for relaying radio guidance commands to the
Stage I booster from a receiver mounted in the satellite vehicle during the

first stage booster guided portion of flight.

D. Provide telemetry data concerm.ng vehicle performance and equip-” "?""'

‘Bent status durmg the ascent,

The Agena SS-01B vehicle is a liquid-fueled second stage booster, povered
by a gimballed rocket engine. During powered flight, pitch and yaw
coatrol is provided by the rocket engine with roll control provided by
cold gas reaction jets. During coast and orbital flight, attitude control
is effected by three-axis pneumatic reaction nozzles. The vehicle as
{1lustrated in Figure 2 {a composed of four major sections: the forward
equirzent gection, the propellant tanks section, the aft equipment section,
8nd the Stage II/Stage I adaptor section.

SR Ty e NN T e
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i The forward equipment section contains the mating ring mounting provisions for

.

'the Payload section and accommodates the major part of the guidance, electric315

" and communications equlpment. The tank section is an integrally constructed ;

dual chamber containing the fuel and oxidizer for the rocket engine, The aft ‘;
equipment section provides mounting support for the rocket engine, gas reaction'

. Jets, seven DMU rockets, and hydraulic system. The booster adaptor section
attaches to the aft part of the tank sectlon and is designed to support the
entire satellite vehicle from.the first stage booster during the ascent phase. f
The adaptor sectlon remains attached to the Stage I booster at the time the

" two vehicles are separated in flight.

Weight Budget

Nominal weights for the §S-01B Agena vehicle are:

Welght Total Weight

It S e (1bs)
Weight Empty - 1899
Propellants | . 13520
Heliua 1l
Attitude Control Gas (-3 Mix) B
Axx Att Control Gas -I/B (-3 Mix) . o _
5 IH Batteries . 630 . o
7 DMJ Rockets © 140
Gross Welght Without Payloads i6_272
iess Adapter and Attach ' 354
Less Retro Rockets 10
Less Destruct System . 6
Less Borizon Sensor Fairings T
Less Attitude Control Gas '
= Para ST 15
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- . Weight Total Weight

Iten | _(1va) (1bs)
Ignition Weiéht v/o Payloads v 158§l;‘

Less Propellants 13422 !

Less Engine Start Change - 1

Less Attitude Control Gas 3

Burnout Weight © 2468 —-

Less Residual Propellants | ) 48

Less Helium 1

Propellant Margin T 50 '
Weight on Orbit with Gas but w/o'Payload | - 2369

Less Remaining Att Control Ge.s 64

Less Remaining I1/B Gas - b T s
Empty Weight on Orbit w/o Gas, |

w/o Payload, W7 DMJ . 2291

Rockets &W/ 5 IE Batteries

16




Ascent Commands

Real-time commands are transmitted to the vehicle by X-Band radar -

and the Range Safety Command links. A contimuous tracking X-Band

radar which pulse-position modulétes the command spacing between con-
tinuous pairs of address pulses, commands the BTL/radio guidance subsystem.
The commands used are as follows:

A Discretes

Sequence 0O No command

" ' Main Engine Cut Off (MECO) - Stage I

" 2 : Command Separation

". 3 A Stage II V¢7.loc:§.ty Meter Enable.

| Commands 4 | ’

Pitch Up Steering Command s Booster and Agena
Pitch Down Steering Command | " "

Yaw Right Steering Command " "

Yaw Left Steering Command " "

Ascent Guidance and Control

Toe guidance and control subsystem senses vehicle attitude by means of

" zorizon sensors and an inertial-reference &ro package. Pneumatic reaction-

control jets provide the necessary tdrques Y0 maintain attitude control
around the vehicle pitch, roll and yaw axes. However, during powered flight
the pitch and yaw :torques are supplied by main engine gimballing activated
by bydraulic servos. Vehicle velocity changes are sensed by a velocity

zeter consisting of an accelerometer and counter which perform the

17
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~ integratién function to bbtain ieloé;%§:géﬁwL fr"v; '“During vehicle;

X -

ascent and injection, a preset timer controls the Sequence of vehicle
events. Sieering of the vehicle during ascent is accomplished by a radio
command from a ground-based radar tracking and command station usmg a
computer to process tracking data ang generate steering commands. A radio

guidance command discrste ig smployed to onable the velocity meter to

function. _ _

The satellite vehicle contains the vehicle-borne radio guidance group for
command steering of both the stage booster and the satellite vehicle
during ascent flight, The véhicle—borne guidance group iﬁcludes a2 radar
transponder to aid gfound trécking, & command receiver, and circuitry for
utilizing the RF commands to control the necessary'functlons of the

satellite vehicle guidance and control subsystem. - Command signals are i;,

provided from the satellite vehicle across the interface to the Stage I

booster.

The function of the radio guidance systen is to 1n;rease guidance accuracy
by Providing real-time sequenced events and real-tlme steering corrections
to the Thorad and Agena vehicles during their boost phases, Steering *
corrections, implemented by the radio guidance system,are in the nature of
vernier corrections and, if none are received, the vehlcle guidance and
attitude control subsysten continue to function in a pre-programmed mode.
Sizilarly, the sequenced events for separation of Stage I from the satellite
vehicle, and start of the satellite vehicle standard timer are actuated by

Tograzzed stored commands if they are not commanded by radio guidance.
Thorad MECO and Agena velocity meter enable commands are not backed up by
a programmed command because engine shutdowns will occur upon propellant

depletion,
S 18
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satellite vehicle standard timer begins operation. Subsequently, at
time of Stage I vernier engine cutoff, the inertial reference gyros in

satellite vehicle are uncaged and the horizon sensor fairings ejected.

A coast phase is initiated upon separation of Stage I from the satellite
vehicle by radio guidance, disrreta, Imediately following physical separa-

tion the optical doors ere ejected and the control of the satellite vehicle

atti

the
tige
nine

time

tude and rates about all three a.xes are initiated, using the vehicle

reference attained at MECO. The horizon sensors reference the roll axis to

earth horizon. Engine 1gnition is initiated by 8ignal from the ata.ndard
r and engine shutdown initiated by the velocity meter after a Predeter-

d velocity to-be-gained has been achieved (backed up by a standard

S

r signal). The velocity meter 1s enabled by a radio guidance discrete

command. During the burn Period, pitch.ang yaw control is provided by

hydr
by »

aulic actuation of the gilmballed engine while roll control is maintained

aeuzetic reaction control Jets. Radio guida.nce commanding is used

taroughout the major portion of the burn reriod to provide pitch and yaw

steering commands to the satellite vehicle, Orbital injection accuracies
are as follows: e .
" Darameter ' Requirement (3e-) Objective (3o~)
- Orbital Period * £ 0.20 min, 4 .025 min.
© Altitude of Perigee t+ 5 n.n. 3 1.5 a.m.
Arguzent of Perigee 1 20° (e .008) '_t 5° (e .008)
£180° (e .008) +45° (e .008)
Incliration Angle 4 0.25°

*Rote:

With

to achieve period requirement.

propellant contingency in Stage II to insure 90% probability of success

[ 57T £ T s
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Ascent Propulsion

A}

The satellite vehicle pPropulsion system brovides thrust for Becond stage
boost during ascent into orbit. The rropulsion systen, consisting of a
liquid rocket engine ang components, develops a nominal vacuum thrust of
16,000 1bs. The engine is designed for a nominal thrust duration of 245
scconds. The rocket engine thrust chamber is mounted on & gimbal ring and
_provides bartial gsatellite vehicle attitude control during engine opera-
tions by means of yaw and Pitch thrust chamber movement. Cylindrical
shaped propellant tanks conts.in a nomins.l bropellant load of 13,520 1bs.
Propellants consist' of Inhibited Red Fuming Nitric Acid (IRFNA) as an
oxidizer, the Unsymmetrical Dimethylhydrazine (UDME) as a fuel.

- A single propulsive interval is used for second stage for the boost;

resta.rt of the rocket engine is not required. Norms.uy & propellant con-
tingency is reserved in the satellite vehicle to cover the root-gum-
squared (rss) effect of mimugs 3 sigma dispersions. If the Stage I booster
is utilized éssentially to propellant depletion, the contingency ca.rrien in
the satellite vehicle brovides for RSS dispersions in flight from liftoff
through orbit injection. Performance margin and propellant contingency
are verified to insure against a negative performance margin, or a pro- A
Peilant contingency corresponding to less than a 90 percent DProbability of
achieving the desired orbit prior to each launch,

Ascent Electric Power
An electrical subsystem provides power to operate vehicle and payload
electrical equipment. vterles are used as the Primary power source for

the 2k volt ¢irect current supply Power conversion ig accomplished by s

LRy
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Ascent Flight Termination

The satellite vehicle flight termination subsystem is capable of destructe
ing the satellite vchicle'in-flight upon command while attached to the
Stage I booster, or eutomatically in the event of an inadvertent premature
8eparation from Stage I during ascent. UHF comand destruct receivers are
carried in the Stage T booster. The satellite vehicle brovides the capa-
bility for carrying two redundant sets of destruct signals across the
interface from Stege I. Additionally, the satellite vehicle provides a
desiruct pyrotechnic charge located in the onSter adapter, the power to
activate the charge upon receipt of a destruct signal; the activating destruct

switch for inadvertent separation, and all necessary disarming circuitry to .

safe the satellite vehicle prior to launch and.subsequent to Stage'I'boost.

Ascent Redio Guidance

The Western Electric Company/BTL Guidance System 18 used to providé real-
tize sequenced events and real-time sleering corrections to the SLV;EG and
S5-01B during the powered flight phase. The guidance equations uge veloc=
ity steering to gulde both the first ang second stages of powered flight.
Contr;lled pareameters for the first stage are apogee velocity, apogee
racius and inclination. Tae Stage I booster engine is shut down by radio
guldance command, as ig separation of the Stage I booster from the Agena

'SS~01B enad enabling of the Agena velocity meter to control shut down of

the Agena engine.
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Controlled parameters during Agena guidance are orbital period, orbital
inclination and flight path angle at injection. The steering commands
cause attitude changes of the vehicle during powered flight to implement
thrust vector corrections. These corrections result from the computer
calculation of anticipated cutoff conditions repeatadly predicted from the
radar tracking data and continuously compared with the desired velocity
state of the vehlcle at thrust cutoff. The radlo guldance subsystem does
.not force the vehlcle to fly a nominal flight path, but commands steering

corrections to assure a SpGleled velocity vector at cutoff,

Normal pre-fllght preparations require 8 days to generate necessary

Performance data, guidance computer tape,-and check out the ground

guidance equipment. LS e T e

with a payload sectlon and two modified Mark 5A Satellite Reentry Vehicles

(SRV) attached.

SS-013 Agena Satellite Vehicle

The on-orbit functions of the Agena vehicle are to:

A. Provide a stable earih-oriented pPlatform for the Payload,
S. Provide the required electrical power for vehicle and payload
functions throughout the mission,

C. Provide a means for real-time commanding and stored program

¢cmanding of vehicle and payload functions throughout the mission.,




D. Provide environmental protection for all critical vehicle equip-
ment during thé orbital phase. .

E. Provide & means for transmitting vebicle and payload infoma.tion
concerning status 5 opera.tion, and environment back to the ground.

F. Perfornm necesaary maneuvers and sequences to eject the two re-

- coverable reentry .vehicles from the satellite vehicle for de-boost from

orbit by primary control and at leaat once by back-up,

G. Provide the necessary orbit maintenance capability (Dra.g Make-up
System - DMU) when flying lower period and altitude orbits.

Figure 2 1llustrates the SS~O1B vehicle configuration.

Mass Properties

e . (RN - ‘Q,:v_v B

Nozinal weight estimates of the Agena vehicle a.ppear in the description of
the launch vehicle. Estimated Mass Properties excludj_.ng 5 DMU rockets are:

Center of Gravity

We. Station (inches) Moment of Inertia (Slug £t2)
Condition Lbs. X Y Z Iy (Piteh) I, (Yaw) I_(Roli)

Separation from ) ' :
Stege I Booster 17601 - 327.1 0.20 0.14 16,454 16,437 312

tion Weight 17593 327.2 0.20 0.13 16,481 16,464 310
Burzout Weight 4116 270.1  0.86  0.56 9,977 9,960 309
Wt. On-orbit kol7 2701 0.86 0.56 - 8,867 9,850 309
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Tracking, Telemetry and Commmd
The ‘tracking, ‘telemetry and command eubsystem consists of vehicle-borne

transmitters, receivers, decoders and programmers.

The satellite vehicle command subsystem provides real-time and stored
commands for controlling all required events from powered flight through

sepa.ration of the two reentry vehicles. Critical functions are backed up
in such a manner as to maximize assurance of successful commanding. A/—
system of command interlocks are provided to minimize the effects of
inadvertent command or covert interference. A block diagram of the

eomma.nd subsystem is included as Figure 3. v

Real-time commands are transmitted to the vehicle by PRELORT, ZEKE, and 375
mhs UHF (UNCLE)., The PREc:LsJ.on LOng Range Tra.cld.ng Radar (PR.EI.ORT)

operating in the S-Band frequencles interrogates a vehicle-borne trans-

. ponder for tracking. Commanding is accomplished for the Digital (ZORRO) -
and analog Systems by modulation of the S-Band link. The Ana.log System
exploys pulse position modulation using combinations of six audio tones.
Analog commands are used for selection of programmed payload and vehicle
functions, and the Z0RR0 commands are used to enable the primary reentry

sequence and the early "A" to "B" transfer.

The VHF (ZEXE) command system employs a Very-High Frequency (VHF) link
waere the carrier is amplitude modulated by audio tones, ZEKE comnancis
Tovide the selection and execution of the Lifeboat back-up recovery.

Sequence. A back-up command capability is supplied by a 375 'mhs UHF

receiver in conjunciion with a 39 command digital decoder, This system

(.’7!’ ‘0_5.-\ mr‘z
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supplies back-up commands to the existing analog decoder and supplies
at least eight commands to the payload.

A representative list of real-time commands for satellite vehicle function
appears in Table IA. Where possible, each real-time cormand is accompanied

by functional telemetry verification in real-time,

Stored commands are provided to initiate vehicle and payload functions

during orbital operations and during ejection of recovery vehicles.,

//;n orbital programmer is used. to store commands in the vehicle prior to

launch. Four reels of punched 35 millimeter, 1.5 mil thick mylar tape
provide vehicle and payload functions to be executed at specific times
during the mission. Each reel of tape accommodates 13 brushes whlch
make electrical contact with an externally grounded ‘drum through the
punched holes, thus providing a capability for 52 programmed commands.
Tape speed is nomi irally 9 inches per subcycle and each tape length can be
as long as 192 feet, provicding programmed events for approximately 250
subcycles (orbit revolutions). Tape speed and positioning are adjustable
by analog commands and back-up ZEKE commands to synchronize the programmer
with the vehicle position and orbital period, Accuracy of the orbital
prograzzer is + 3.5 secords including the effect of tolerances on tape

punching. A 1ist of stored cormands appears in Table 1B,

The recovery and Lifeboat timers are solid state components which provide
& capability to initiate at least i, events each. The pPrimary recovery

tizer Iis activated by a stored command {rom the orbital programmer, and

.—-—m—r\—'—r—n
) &uy; \_/._.\.7u\u—~ -
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< Real-Time Commands ;-
. M

Digital

Secure

& No.

Analog
Band

VEF _UHF S Bang

VEF

@

Orbital Programmer Increase/Decreage

Orbital Programmer Ten Second Step

Orbital Programmer Reset

Select Even Orbit Recovery

Select Odd Orbit Recovery

V/h Start Level

Orvitel Programmer Caze Second Step

V/h Hal? Cycle Level -

Camera Program Select

V/a Deley Start Position

Panoramic Camera Mode Select

Operation Selector Ko. 1

Dreg Make-up Syster Enable

DISIC Cazera Mode Select '

Cperation Selector No. 2

Lifeboat Next Orbit

Primary Next Orbit

Paroramic Camera No. 1 Exposure
Conirol Fail Sare

Panoramic Cemera No. 2 Exposure
Control Fail Safe ,

Panoremic Camera No. 1 Filter Change

Sanoramic Cemera No. 2 Filter Change

Exposure Control Delay

Yaw Programmer Enable/Disable

DISIC Camera East/West/Botn/oss

Zmergency Ops Select/Mode Select Bypass

fan Zarly A io B Switchover
DIsIc Zzrly 4 %0 B Switchover
Recovery Enable #1

Recovery Enable ;2

wifebeat Epadle £

Lifeboat Zrzable ;2

Telezetry & Beecon 0a (for 420 seconds)
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TABLE IB. T
J-3 STORED PROGRAM COMMAND LIST

BRUSH FUNCTION
1 V/h delay reset

V/h oblateness start
Exposure Control Reset
+ Yaw Programmer Start ‘ -

17 ‘Dynamic TM Enable. (Instrument operations real-time
monitoring)

27 V/h Programmer Start

28 Redundant Off for all Instrument Programs

29 Intermix Position Advance

30-47 Instrument Program ON-OFF,. 9 Programs - Even ON,

— 48 DISIC Independent Mode ON

49 ' DISIC Independent Mode OFF

50 Exposure Control Start (night to day)

51 Exposure Control Reset (Stop)

52 Exposure Control Start (day to night)

3
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the back-up recovery timer is activated by a ZEKE secure command to con-
trol the Lifeboat back-up recovery sequence. A reset function is_provided
to reset the timer counte§ to the initial count, and to reset the output
relays. Normally, the reset pulse is generated by the timer at the time

of its last event. Timer accuracy when installed in a system is plus or

minus 0.5 seconds or 0.1 percent between events, whichever is greater.,

The satellite vehicle is instrumented to provide timely and accurate data
for the pre-launch, launch, orbital and recovery phases of operation.

Sensors having the appropriate dynamic range, frequency response charac-
teristics and accuracy are used for data acquisition. Both real-time and

stored data is transmitted to the ground station using the Agena telemetry

equipment' - LT *“:" :‘ cr T

I
\—

Telemetry comprises tw6 separate VHF Frequeﬁcy“Mbdulated (FM) links.

Link I is used primarily to report vehicle and payload status and environ-

rertal data. Link 2 is used to telemeter back-up information on payload
status, dlagnostlc data and special payload data. A tape recorder,

vilized for the purpose of acquiring data while the vehicle is beyond

the range of ground station contacts, is also played back over the ground
stations on Link 2. A capability exists for providing two additional

velemetry links from the vehicle, if required, by instélling the additional
Tansnitiers and a four charnel multicoupler. For telemetry signal

reception and processing, receivers with an IF bandwidth of 300 KC/sec

is used. Subcarrier discrizinators use IRIG input tuners and standard

output low pass filters.

Emem T TN g TEred
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. The Agena SS-01B telemetry, as illustrated in Figure 4, uses two separate

VHF FM links. Standard IRIG proportional bandwidth FM subcarriers are
used for continuous channels and for commutated data, Transm;sszon is in

the 215 to 260 MHZ band and conforms to IRIG requirements. Transmitter

" output power is a minimum of 2 watts (1.5 watts‘at the antenna terminal ),

The maximum subcarrier frequency drift as a result of all causes does not-
exceed + 2% of the bandwidth through which the subcarrier's frequency is
deviated by full scale data. The subcarrier's frequency deviation is
proportional to the modulating voltage (positive frequency deviation for

& positive modulating voltage) with a linearity'within + 0.5%. Harmonic

~ distortion does not exceed + 1Z. A design objective is to insure that,

under malfunction conditions, no subcarrler oscillator‘generates an

OUOPUu frequency which 1nterferes with other subcarrler osclllators. R PR

A1l commtators are compatible with SCF de-commitation equipment. Both
Lon-revurn-to-zero or return-to-zero pulse train formats are used.
Calibraiion points for at least 0%, 50%, and 100% of the subcarrler
bardwidih are provided in each commtator's pulse train. The commutated
cdata is grouped to facilitzie the orbital commanding of the vehicle.,

All cozmutated data is capable of automatic de~commutation using standard
equipzent as now provided in the SCF. The total error contribution of

&y commitator for all combined causes does not exceed * 1% of full scale.
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Ten telemetry channels are reserved for the payload. Of these, four
are comnmta.ted two on a 0.4 x 60 commutator (24 samples per second),
and two on a 5 x 60 commutator (300 samples per second), All critical

parameters are instrumented on zore than one T/M channel,

A magnetic tape recorder/reproducer, having proven flight rel:.ability,

is included in the satellite vehicle for the purpose of storing vehicle
and payload data during periods of time when the vehicle is not within

range of an SCF ground station. The tape recorder has dual track data -
recording capability with 3. readin-to-readout ratio of 26 to 1. The

maximum readin time is 182 minutes from a 1 x 60 or a Ou4 x 60 commi~

tator with ecuivalent readout time of apprommately 7 minutes, The

signal response is 300 cps, or DC.to 60 pps commitated,

Overall vehicle telemetry subsystem error is defined to include all
error Sources from the transducer's output terminals to the transmitted
RF signal inclusive. Each error contributing element's maximum specified
érror is considered. All such érror values are squared, the resulting
squared values added together, and the square root of the resulting sum
is taken to define overall error. Error correction techniques are not
considered in this definition of error. Maximum overall error for real

vtize, commitated analog data is + 3%.

axizuz overall error for commutated data, which has gone through the

cycle of vehicle tape recording and subsequent playback, shall not

exceed + 5%,
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Under condltlons of RF signal strength well above threshold, no typlcal
data channel shall contain hum, ripple or noise with a combined ampli-

tude exceeding a 2% rms value with respect to a full scale data range,

The primary means of tracking the satellite vehicle is with S-Band radar
operated by the SCF. The satellite vehicle contains an S-Band transponder
and antenna compatible with the SCF tracking radars. The transponder and
antenna system provide a system margin of 3 db. at 875 nautical miles

slant range.

Guidance, Attitude Contfol, agd Propulsion

The satellite vehicle is stabilized during on-orbit operation, de-boost

to initiate reenvry ol the satelllte recovery vehicles, and orbit ad just -
<:> naneuvers through the use of the attitude 6ontrolféubsystem. Within the"fq"

grounds of practicability, the same guidance and control components are

used on-orbit as in the de-boost and orbit adjust phases to minimize

number of total components and weight,

.Throughout the orbital mission, excluding de-boost sequence and orbit
adjust maneuvers the satellite vehicle remains oriented in the "nose-
£irst" position with the roli axis of the vehicle aligned with the
resultant ground irack velocity vectof anc normal to an earth radius

vecior.

<ne following pointing accuracies ang angular rates include all the
errors Irom the true loczl vertical and true orbit pPlane to the

relerence cazera axis. As such, these accuracies include the attitude
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control accuracies and the aligmments from the control system to the

payload optical or mechanical reference axes, Whi

ment Is operating, the sz

momenium unbalances:
Ax1§
Pitch
Yaw

Roll

The maxicum resto}ing torque capability of the

Systea is:

Pointing accuracy reguirements and maximum

le the payload equip-

tellite vehicle is subjected to the following

Torque

1.09 ft. 1b. seconds .

4.0, ft. 1b. seconds

6.45 ft. 1b, seconds

- Torcue

8 fto lbs ool

16 ft. 1b.
2 ft. 1b,

Worst Case Mode

Mono
Stereo¥*

Mbnp

Guidance and Control

limit cycle rates are as

+016 deg/sec

.008 deg/sec

follows:
Pointing Accuracy and Rates
%_;Ftnction : Recuirement Objective
D opicen ateituce | + 1.50 + 0.75¢
'{ Yaw Attitude + 2.0° + 1.10°
| 201l Attitude + 1.5° + 0.75°
: r
|
!

Z01l Rzte

+016 deg/sec
«022 deg/sec

.008 deg/sec
+011 deg/sec

% Moro vaiue is one-hel?

the indicated max, yaw momentum
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In addition to the above requirements for stabiiization, the satellite

vehicle is capable of being maneuvered in yaw., In response to a payload

yaw programmer voltage, the vehicle is positioned in yaw to 0.25 degrees '

per 1.67 millivolt of roll térqﬁe input with a stabilization time of 6

minutes,

The de-booss sequence for jb_he satellite vehicle is controlled by signals
fron a DI/iN recovery timer. Upon the programmed command, the satellite
vehicle pitches down a nominal 120 degrees from the local horizontal,

while orbiting in the "nose-firsth atvitude, and hplds this attitude

ith respect to the local horizontal until fhe recovery vehicle has

been ejected. The time recuired to pitch down is approximately 60 seconds.,
after recovery vehicle ejection, the sa.t;ellite vehicle is returned to
nor:.;xal on-orbit pitch'aLttitude. ‘Tolerances forirattituvde ‘referenc‘;dr té o
the iocal horizontal and orbit plane while in the ﬁitch—down condition

are given below. B |

Pointing Accuracy, Pitched-Down

Attitude
[ Function Requirement (3%Y Objective (35
! Piich Angle froz Local Horizontal + 7.0° + 6.5°
j Yaw Angle fro= Orbit Plane + 1.50 + 1.1°
i 201l Angle frez Radius Vector + 1.3° + 1.0°

= the event of a malfunction in the primary attitude. control subsysten,
& Dack-up stadbilizztion systez (Lifeboat) is activated by a secure real-

s

vize cozzand., This Lifetoat system is capable of performing all de-boost

= N o
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sequences necessary for properly ejecting oﬁe reentry vehicle f;ém the
satellite vehicle. Upon initiation, the Lifeboat subsystem is capable
of orienting the satellite vehicle from a tumbling moce of 20 degrees
per second about any axis, and is capable of holding the de-boost
orientation for a minimum of 30 seconds. Iifeboat attitude controi is
established by lining up the vehicle roll axis with the local magnetic
vector, and keeping the roll rate below + 2 degree;/second. Lifeboat is
capable of acceptable performance on North to South passes. The ability’
to perform acceptably on South to North passes is desirable but not
presently required. Pointing‘accuracy required for Lifeboat is + 10.5
degrees to the local magnetic vector referenced to the required 120 degree
pitch~down orientation. The vehicle is not re-oriented_after Li????at:

useage .

An orbit adjust capability to offset atmospheric drag is provided by
{iring, in boost, one or more of a set of solid rocket motors. The

perlormance characterisiics of the orbit edjust subsystem are:

Vacuum Thrust 137 pounds
Total I=pulse - Vacutun 2250 pound~-seconds

(3urn Tizme = 16.5 sec)

Nezinal Delta Velociiy/Rocket 17 feet/second

Zieciric Power
“he electrical power and distridbution subsystem for the satellite
veiicle Is cozprised of a direct current power source, a power distri-

bution network, and power conversion and regulating equipment for both

36




FRANATN ™ Kigl \JF"""'U
W Nad f: \Jv.._...'\.J“\AL::

“ v

‘{;il

ETE RS B e e ' :
vehicle and payload operatlon. The direct current power source consists

-
{

- of batteries of sufficient capacity to supply electrical energy to the
vehicle and payload from liftoff, through orbital flight, and until

separation of the second reentry vehicle,

A capability to provide electrical energy for mission durations of up to
<4 days is inherent in the design of the satellite vehicle, but employ-
ment is contingent upon mission requirements and the performance available
during ascent flight. The number and type of batteries to be carried on
any particular flight are based on a detailed electrical loads analysis
for that mission. The power ;ource raintains voltage between the limits

ol 22 and 29.3 volis D.C. measured at the vehicle buss, 4 power margin of

5 percent based on the predicted -3o capability of the battery pack for

each flight.

@)

The satellite vehicle supplies a maximum of 900 watt hours per day to
ithe payload. This consists of

4. Unregulzted D.C. With a maximum load of 30 amps continuous, with
60 azs peak not to exceed 500 milliseconds (duty cycle of 20 minutes on
and 70 zinutes off),

E. 400 % .008 cycles at 115 * 2% volts A.C. with an average load on
Prhase C of 0.6 aups continuous and peaks of 0.85 amps for periods not to
€xceed 500 milliseconds (with a.culy cycle of 20 minutes on and 70 minutes
£); and Prase 4 ith an average lozd of +1 amps continuous.

C. Umremilated voltaze for pyrotechnic actuation with peak currerts
el €0 &zps and peax duration of 5 =illiseconds while maintaining a buss
voliaze of 1L to 29.5 volts D.C. at the Payload pyro connector.
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The electrical wire harnesses” provide sultable electrical paths for the
distribution of electrical power and signals to satellite vehicle, payload

components and major elements.

The maxirunm voltage drop in any individual circuit from battery to'using )
cozponent (or payload interface), ang return, attributable to the harness,
including con iectors, does not exceed 0.5 volts D.C. ' Voltage drops in

pr_mary leads of up to 1 volt are permissable where this can be shown to be

- consistent wish volitage reguirements at ihe component, and does not involve

¢czzon wiring resistance of wo or more components leading to an interference

roblez, :

The iypes of basieries waich are candidates for each flight power subsysten

are suzmarined with their performance characteristics as follows:

Ty-e . Weight ‘ Energy (-3 sigma) °
' ] {1bs.) (watt/hours)

VI | 28 | 1,512

e A 119 10,700

= ' 126 11,870

o I 107 8,050

A2l ascent pyrotechnic loads are connected to 2 Sseparate, diode-isolated
Prizary baitery. The isolation doice may be shorted out at the completion
ol the ascent phase of flight. PFusistors are provided in all pyrotechnic
itcuits to protect the venicle power source and distribution networks from
short circuizs that v Zay occur during and afier pyrotechnics firing, Wiring
circuils to syrotechnies arc return are capable of handling the maximum all-
J{ire current of tre Prrotechnic device. Power and pyrotechnic harnesses may
te grouped and routed together, but are separated (as an objective) from

harnesses for instrume“uat*on, commands, and test plugs,

.....
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The Payload Sectio” -

The payload sect:.on, ‘as illustrated in Figure 5, comprises a cone-cylinder i

structure housing the camera equipment, mod.:.f:.ed Mark 5A Satellite Recovery
Vehicles (SRV), and the necessary payload control equipment and electrlcal
cablmg. The payload section mates 1o the forward bulkhead ol the satellite
vehicle (staticn 247) as shown in Flgure 1. The meximum total payload weight

is 1750 lbs. The primary ce.mera. equipment consists of two h:.gh-acuity pan-

oramic cameras mounted in a 30 degree convergent stereoscop:.c configuration.

S:zultaneous operavion of both cameras provides stereoscopic photographye A

" Dual Stellar Index Cazmera (DISIC) is.iristalled adjacent to the "B" SRV to

provide terrain and stellar photogranhy for A" and "B" missions. Film from
the pan cameras is routed through the "B" SRV, whose take-up spools are locked
o prevent rotation during the "WA" mission, to the "MA" SRV. Upon command, the
f....::. entering the MA" SRV is cut and take-up, command and T/M functions are
transferred to the ngn SRV for the remainder of the mission. Film xfi-om"tiié S
DISIC is routed through an exit housing contamlng a cut and splice assembly
to the WA"™ SRV. At the completion of the A" mission, the film is cut and
spliced to the Jezder extending from the uB" SRV, and take-up is mtla‘ced for
the Vo' zission. Transfer ol the pen and DISIC take-up control may be accom-
zlished indeperderntly by real-time command e Progrems for camera on-off
cperaiion are n.ov;aea as stored commands on the orbital programmer. Program
selection, camera selecilion, shence—oen—oono-ode—selection, and V/h compensa-

<ion are provided through real-time cozmands.

it the conclusion of the MA™ mission, the upn SRV is de-boosted on the desired
secovery orbit. Initiation of the "B" mission is not contingent upon prior
sesarction ¢ the MAM SRV. The falring between the A" and WB" SRV!s is

&

retaired on the satellite vehicle until jettisoned by a signal in the de-boost

secuence for the second SRV,
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. The payload section provides power distriﬁution networks for all

payload equipment forward of the Agena/payload interface. This
includes all junction boxes, cables, and connectors necessary.for

the control and monitoring of payload equipment.

Payload Structural Envelope

The payload-eq#ipment is contained within the structural envelope of -
ihe payload se€ciion of the satellite vehicle. Figure 5 presents the
general arrangezent of primary payload equipment as well as relative

izensions. The naximum diameier of the payload section does not
exceed the outside ciameter of the Agena vehicle at the mechanical
interface szation,.“ﬁd installation of payload equipment external to
the payload structural envelope with consequent addition of éerodynamiq;;
fairings is avoided.. The mounting provisions of the payioad'structure_
perzit ihe necessary alignment accuracies required for camera optics
and fila transport and maintain ithese alignments under ¢onditions of
Tooster-induced environments cduring escent and throughout the subse-
quent orbital thase., While on-orbit the payload operates in a vacuum
énvirorzenv and under conditions of solar radiation varying from
irect sunlight to earth shadow. Environmental control for the
operavion and survivel cf the photographic equipment is provided by
ihe paylead structural envelope aé follows:

As The cazeras and £ilz tracks are provided with a light-proof

envircrzent, {ree of all light ieakage that could produce objectionable
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B. A pressure environment is provided to suppress corona dis-

charge, The P*essure Makeup Unit (PMU) is capable of maintaining
preéssures of 20 microns or higher in the payload cylindrical sections
during camera eperation.

C. Detachable doors are provided in the payload structure for

piical viewing ports. These doors provide protection to optical equip-

ment during ascent anc are ejected prior to orbit injection of the satellite
vehicle., The struc;ure also provides'boots or other similar devices to
'seal the camera equipment from external light.

D. Passive ihermal conurol is provided (where possible) for tem-
Derature~-critical equlpment. <he external surface of the payload structure

is used for passive temperaiure convrol. 4An bptzmum absorpt1v1ty 1s pro-

vided by surface coat vings and mosaic patterns to malntaln an average .
texperature of 70 + 30 degrees Fahrernheit inside the cyl;ndrlcal sectlon

of the payload.

Parorazic Camerzs
The fundamenta]l Purpose of the J-3 Camera Subsystem is to provide extensive
stercoscezic Photographic coverage cf the ground with sufficient detail
o allow & Photecinterpreter o recognize, evaluate, and monitor selected
targets. Co“se&ae“uly, the subsysien contains certain features which are
N

desizred Specifically towards tais ernd, First, the camera uses a high

acuily lens irn such & way as to taxe advantage of
the Righ resolutica aveailable over 2 na-==ow field angle. Secondly, auxi-
~lary norizon recoxding cozeras are Zounted in a fixed relationship to

Lie panorazic cemera + “0 Provide an expeditious means for determining




ime at

which any point in the p“otographlc formau was recorded and also-the

time relatlonshlp of horizon optics €xposure to panoramic exposure.

The secondary purpose of the camera subsystem is to provide photogr«mmetric
control data having the required geometric accuracy to assist the carto-
grapher in constructing accurate terrain maps from ihe photography obtained
by the system. O0Of equal importance is the "ability to assign accurate

geodevic coordinates to the maps so constructed,

For carvographic purposes it is essential to establish the geometric

relationship between points on the film.format and correspondlng ground

points. In order to accomplish this, it is necessary to callbrate the

)

intern 1 geomeiry of the carera., This involves the use of speclal
equirmeni in pre-{light testing of the system and speclal data reductlon
{,/‘ Videl ﬁzm rd
tecrnicues, Tre calibration informztio 1 obtained from the. test§ﬂ
supplied to the cartograpnic community. Additional data are recorded on
the f£i3z during in-flight photography. These data permit the correlation
ol the PROTOZTEDLY wWiih the Previously obtained calibration information.

Thus, for évery point on the I, it is expecved that the cartographer

&L dezermine two angles, Alpha (across-track or scanning angle), and

[¢)

zeta (alo“g track angle),‘aézh—aa—rzs—aeeuraey;ei_h—apc—seeends_eaeh._

Cezere Descriztion
The cexpleie J=3 Parorazic Ce=era Subsysten consists of the following:
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" Two identical 2l-inch focal length £/3.5 panoramic cameras, each
hav1ng two integrated 55 millimeter focal 1ength I/E.B horizon optics.
2. One auxiliary structure (supports both panoramic cameras and the
electronics packages to form the so-called camera module. )

3. One supply cassette,

L. Orne supply support structure.

>+ IWo take-up casseites, ' —

6. One intermediate roller assembly,

The panoramic cameras are positioned on the auxiliary structure in a V-

conlizuration to provide a 30 degree stereo angle. The awxiliary structure
is three-point mounted to the vehicle so that the even serial numbered
camera is located forward and views toward the rear (aft-looklng), and the

o

odd serial mumbered camera is located aft and views forward (forward~

looking). The auxiliary structure also provides the mountlng surface

for the sysiem's electronic packages. The supply cassette, which contains
the tetal filz supply for boih cémeras, is located aft of the camera
Zodule. The supply cassetie is fastened to its support structure which"
is, in turn, three-point mounted to the vehicle. Take-up A", located

in recovery venicie RV-1, and take-up 8", located in RV-2, each take up
hall of the i1z of boih ez ezeres. The intermediate roller assembly is

&vtached to the vehicle beiween take-up "B" and the camera module,

The systexz is dasically cesigr