GAMBIT
HIGH RESOLUTION SATELLITE PROGRAM




GAMBIT

® GAMBIT was the Cold War era strategic high-resolution satellite reconnaissance program that
imaged high value targets identified by broad area search satellites (CORONA from 1960-72
and HEXAGON from 1971-84)

® The GAMBIT program had two baseline design configurations GAMBIT 1 & GAMBIT 3
® GAMBT 1(1963-67) — 77-inch focal length, 24-inch resolution from 95 nm

® GAMBIT 3 (1966-84) — 160 & 175-inch focal length, with better than 12-inch resolution from 95 nm

GAMBIT 3 incorporated several design improvements during development & operation

®  Vehicles 1-22 (1967-69) had a single film recovery vehicle

®  \Vehicles 23-54 (1969-84) had two film recovery vehicles
®  \Vehicles 32-47 (1971-84) had 175-inch focal length optics
®  \Vehicles 48-54 (1977-84) had two parallel camera systems (9“& 5” film)

HEXAGON

GAMBIT 1
GAMBIT 3




GAMBIT BASIC DESIGN

All GAMBIT satellites had these features

*A |lens assembly parallel to ground along the axis of the vehicle

oA flat stereo mirror that reflected the ground image into the primary mirror assembly
*The stereo mirror, nominally pointed at nadir, could pivot 152 fore and aft for stereo imagery
eRotation of line-of-sight 452 either side of flight path for imaging off nadir
eColor corrector & field flattening lens focused image onto a cylindrical platen in a strip camera that
controlled the film movement past imaging slit at speeds matching the motion of ground scene
e A supply/take up looper compensated for strip camera film movement without supply and take up motor
running to reduce vibration in image
eExposed film was transferred on to a take up spool in the reentry vehicle
eReentry vehicle deorbit over Pacific area for aerial recovery



GAMBIT 1 & 3 CONFIGURATIONS

Kodak GAMBIT 1 Camera Optics Assembly ‘ . ’
3-foot diameter ==
. W | i
77-inch focal length, f/4 lens; 19.5 clear aperture ; \7 N 3
34-inch stereo mirror; 28-inch primary mirror 3,000 feet of 9-inch-wide film e -

Kodak GAMBIT 3 (single SRV) Photographic Payload Section (PPS)
5-foot diameter

160-inch focal length, f/4 lens; 44-inch clear aperture

46 by 56-inch stereo mirror; 44-inch primary mirror

5,000 feet of 9-inch-wide film

Kodak GAMBIT 3 (dual SRV) Photographic Payload Section (PPS)
5-foot diameter

175-inch focal length, f/4 lens; 44-inch clear aperture

44 by xx-inch stereo mirror; 44-inch primary mirror

10,000 feet of 9-inch-wide film




GAMBIT CAMERA SYSTEM OVERVIEW

GAMBIT 1 GAMBIT 3

User Name KH 7 KH 8

Vehicles Jan-38 1-22 23-31 32-47 48-54

Launch Vehicle Atlas Agena D Titan IlIB Agena D

First Launch 12-Jul-63 29 July 1966 23 August 1968 12 August 1971 13 March 1977

Focal Length 77-inch f/4 160-inch f/4 175-inch f/4

Strip Camer Film 9" Wide 3,000' Long|9" Wide 5,000' Long 9" Wide 10,000' Long 9" Wide 10,000" Long
5" Wide 3,800' Long

Off Axis Imaging 45° left & right

Ground Resolution 2 to 3 Feet Less than 12 Inches

Longest Mission 8 Days 8 Days 25 Days 57 Days 123 Days

Recovery Aircraft JC-130

GAMBIT Mission Firsts

eFirst high-resolution photography from space
eFirst to photograph people from space

eFirst use of color film in space

eFirst high-resolution night photography from space




OPERATIONAL IMAGE WIDTHS

GAMBIT 1-77-Inch FL GAMBIT 3 -160-Inch FL GAMBIT 3 -175-Inch FL
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FIGURE 5. TYPICAL EXAMPLES OF CONTINOUS STRIP AND LATERAL PAIR FRAME COVERAGE AT NOMINAL 95 NM ALTITUDE.

2-to-3 Foot Resolution Less Than 12-Inch Resolution Less Than 12-Inch Resolution



GAMBIT IMAGING MODES

ORBITING VEHICLE GAMBIT OPERATIONAL MODES

FLIGHT
DIRECTION

MONOSCOPIC STRIP

LATERAL PAIR STEREQ STRIP




GAMBIT 1 SATELLITE

Length: 15 feet
Diameter: 5 feet

Film Supply Film
Recovery Spool  Looper
Vehicle Film Chute

Mirror Mirror

Primary

dptical Mi :
Light from Corrector rror The GAMBIT 1 Satellite separated from

Earth | the Agana and operated on its own

« The GE Orbital Control Vehicle (OCV), outlined in white, provides
power, command & control, attitude control, pointing, & orbit adjust
* The Kodak Camera Optics Assembly is mounted within the OCV



GAMBIT 1

A Kodak GAMBIT 1 Camera Optics Assembly (COA) is currently displayed at NRO Headquarters
& In public display at the Rochester Museum and Science Center in Rochester, New York




GAMBIT 1 SATELLITE

« The Kodak Camera Optics Assembly (COA)
was completely contained within GE Orbital
Control Vehicle (OCV)

« OCV viewport door opened to expose COA

Recovery Vehicle

~ IN—— / Aft end of OCV

Reentry Conical GE Orbital Control Vehicle (OCV)
Vehicle Adapter



Sunnyvale, CA

GAMBIT 1 INTEGRATION & LAUNCH

South Vandenberg AFB, CA

Kodak
COA
Rochester, NY North Vandenberg AFB, CA
GE 4 I
OoCV ) Lockheed
King of Prussia, PA — Missile Assembly
4 N Building
GE
| SRV - /
Philadelphia, PA Processing, Test, & Assembly
( )
Lockheed
Agena

North Vandenberg AFB, CA

{ Convair ]

Atlas J

San Diego, CA

\ 4

4 )
Space Launch
> Complex 4
(SLC -4)
N /

Integration,“Test, & Launch

4 I
Convair
Missile Assembly
Building
N /

Processing & Test




GAMBIT 3 BASIC SATELLITE CONFIGURATION

RV 2 PRIMARY CAMERA

_ R0%S CORRECTOR

STEREOD MIRROR

TAKE UP REELS ROLL JOINT

FORWARD EQUIPMENT RACK

FILM HANDLING /

SYSTEM PROPELLANT TANKS

PRIMARY MIRROR.

FIYWHEEL—— ol ond i
BATTERIEG— </ - AFT RACK
MOTOR ~
DUAL ATTITUDE CONTROL SVSTEM’

v _—SECONDARY
EXTENDED COMMAND SYSTEM y

LYDRAZING TANKS < %
ATTITUDE CONTROL NOZZLES”



GAMBIT 3 SINGLE BUCKET SATELLITE

15

Photographic Payload Section Roll Joint Agena D Satellite Control Section (SCS)
(Kodak) (Lockheed) (Lockheed)




AGENA-D SERVICE BUS

The AGENA-D bipropellant system took it into final orbit then became a “tripod” for payload COA mission operations.
* Theroll joint enabled cross track pointing agility

* The Agena bus provided basic satellite support functions
e Attitude control
* Telemetry & Command interface
e Orbit maintenance

* Electric power (Vehicles 53 & 54 added solar arrays for longer mission duration)

GUIDANCE
MODULE




GAMBIT 3 ROLL JOINT

The Roll Joint was attached to the
Forward Rack of the Agena

The Photographic Payload Section (PPS)

bolted to the Roll Joint
The Roll Joint had a unique gearing
arrangement that allowed the Agena
to roll the PPS 45° left and right

of nadir while cancelling the reacting momentum
force on the Agena in the opposite direction

PAYLOAD ADAPTER SECTION

(ROLL JOINT)
o=
ROLL PLANE CASTERS
N PRIMARY "‘33‘.32‘ - (TYPICAL 3 PLACES)

PHOTOGRAPHIC PAYLOAD
SECTION (P9S)

HARMONC DRIVE
{511 GEAR B0OX)

PAYLOAD ADAPTER SECTION

| SATELLITE CONTROL

SECTION

) ROLL JOINT FLYWHEEL

* |- OF PPS* |u OF FLYWHEEL

INERTIA CHANGER
FLYWMEEL

MOTOR ACTUATOR

o | - ENCODER (TYPICAL 2 PLACES)

SEPARATION | .
SYSTEM \ DRIVE MOTOR

\ ASSEMBLY
- POTENTIOMETER



TYPICAL GAMBIT-3 PAYLOAD

QY EILM SUPPLY ENCLOSURE
-\-;C?‘/;FtL.M SUPPLY

Pl

Q%ZTUNNEL SEAL #
FILM TRAP

QEFILM CHUTE —
DUAL PLATEN

- CAMERA
g

s | grebr W\, V5" FILM SUPPLY ENCLOSURE
/s Pl ciute | 5 TSRT W= 8" FILM SUPPLY

“;’ 1 \¥___ i LENGTH 28.5‘
S i 5" LOOPER BT

‘- 5" RAM

B N



GAMBIT-3 CAMERA OPTICS ASSEMBLY




GAMBIT 3 CAMERA PAYLOAD DESIGN EVOLUTION

GAMBIT 3 (Flights 1-22)
Single Bucket
Astro Position Terrain Camera

GAMBIT 3 (Flights 23-47)
Dual Bucket
Astro Position Terrain Camera

Astro Position L _ J

GAMBIT 3 (Flights 48-54)
Dual Bucket
9 x 5 Camera (Replaced Astro Position Terrain Camera)




GAMBIT 3 ASSEMBLY & TEST

Integrated Supply Electronics . .
Module and Camera Optics Module Integrated Photographic Payload Section (PPS)

Recovery Vehicle

Recovery Vehicle & Thermal Vacuum Testing - —
Adapter Integration Pack for Shipping




GAMBIT 3 FINAL ASSEMBLY




GAMBIT 3 FACTORY TO PAD INTEGRATION

Vandenberg Air Force Base, CA

Kodak Photographic Payload Section
(including GE SRVs)
Rochester, NY

Vertically integrated on Titan I1IB
SR e e T at
Lockheed Agena Space Launch Complex 4 West
(including Roll Joint)
Sunnyvale, CA



GAMBIT 3 TRANSPORT

Kodak to Griffiss AFB, NY Airlifted from Griffiss AFB, NY to Vandenberg AFB, CA

Mated to Titan IIIB
Loading on to C-5 at Griffiss AFB, NY Agena for Launch




GAMBIT-3 MISSION PROFILE

Mission operations were planned & commanded at the Satellite Control Center, Sunnyvale CA & relayed to the satellite
through the satellite control network. GAMBIT command operation had to be precise due to the small imaging footprint and
critical flight parameters. This task was made more challenging considering the state of computer technology at the time.

ORBIT NJECTION

75 x 200NM ORBITAL OPERATIONS ISPS ORBIT

ADJUSTS (*)aV's

AGENA v

IGNITION / '———-r '\/ 4 EJECT SRV's
/

/ DEBOOST
.'-47 \ ) +2,. DAY 80
\

? *1,. MID MISSION

| /] NRPLANE /PACHC
RECOVERY

AN

LOAD COMMANDS READOUTY
TELEMETRY

VYAFS

LAUNCH ’ - ‘; » J '.Q
_ e — “Q‘ -
'\\q -

a k-\ 3
OTHER MAJOR ORBITAL EVENTS : 3
" o EJECT VIEWPORYT HATCH
bl rins. M\ ol TR PET e RELEASE ROLL JOINT

AIR FORCE o ROUJOINT MANEUVERS (<20,000)
SATELLITE o OPEN & CLOSE VIEWPORT DOOR
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GAMBIT-3 INTEGRATED SYSTEM FLIGHT OPERATION

THE GAMBIT 3 SYSTEM

PAYLOAD—-CAMERA OPTICS,
®.__FILM SUPPLY, ELECTRONICS, 1-2 RECOVERY VEHICLES

PHOTOGRAPHIC\_
PAYLOAD SECTION>

DIMENSIONS (WITHOUT AGENA D)
LENGTH: 28.6 FEET
DIAMETER: 5 FEET




LAUNCH

MISSION OPERATIONS

OPTICS
STNIP CAMERA e ‘
STEREO MIRROR —— /CORRECTOR LENS ASSEMOLY < 3
‘ ::’-;:?--: \) }g. ] -
STELLAR CAMERA — i~ ) e — > ‘%’ y
S . 4q * ; w ! A _ R
TERRAIN CAMERA !/ M
3y
OBJECTIVES
® HIGH RESOLUTION QUARTERLY

STRIP BURVERLLANCE

CAMERA VIEW » TECHNICAL INTELLIGENCE

PAYLOAD DATA

oﬁ‘lw CANERA,

o STELLAR-TEAAAIN CAMERA

e 10,000 Fr x 9.5 INFILM

® FRAME SIZE 4 NM x VARIABLE
LENCTH

* RESOLUTON

e COVERAGE TARGETS

& TWO RECOVENY VEMICLES

ORBITAL DATA

® INCLINATION -~ 60~110 DEQ
® AVERAGE PERIGEE - T3 NM
® AVERAGE APOGEE « 240 Nu
® MISSION UFE - 20-30 DAYS

BOOSTER
® TITAN WIB/AGENA

L4
TEARAIN CAMERA VIEW -

ORBIT TRACK AND ROLL

IMAGE OPERATIONS



RECOVERY OPERATIONS

LIRECTION 9F FLIGHT

RV-ELECTRICAL
DISCORNECT - RETRO ROCKET FIRE
"
ﬁ/ | N3 7 SRV DE'SPIN
5 PP B,
MECHAVICAL o
SRV SEDARATION THRUST CONE EJECTION

i
WATER RECOVERY IF a e \ [/

NOT AIR RECOVERY Ok V
/amrmorry U waw :
{,y WAy CHUTE  WEAT SWIELD RELEASED.

“’:9’3‘(%, BLOSSOM

Film was returned in reentry vehicle (buckets) weighing 200-pounds
which were captured in midair by specially equipped JC-130 aircraft.

The film was then taken to Kodak for processing.




EXPLOITED GAMBIT IMAGERY
(Sample)

(CASPIV S, SOVIFT UNION PR " : B TYURATAM MISSILE TEST CENTER
VG B ¢ . B A ZAKSTAN, SOV

e
B ABCEANT C AN R i -
EMBER COSSTRLCTION




GAMBIT-1 & GAMBIT-3 AT THE MUSEUM OF THE AIR FORCE
[GAMBIT 1 & 3 are currently in storage - not on public display.]

GAMBIT 7
KH-1

The GAM BITisateIIite’program imag”'ed‘ hiéh Feslution critical targets.
GAMBIT-1 (38 missions) from 1963 to 1967, and GAMBIT-3 (54 missions) from 1966 to 1984.
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