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SPACE LOGISTICS SYSTEMS
e MISSION REQUIREMENTS OF LIFTING SYSTEMS (500K)
o BALLISTIC ORBITAL SUPPORT (200K)
e REUSABLE LAUNCH VEHICLE SYSTEMS (S47K)
o REUSABLE ORBITAL TRANSPORT (1.260K)
» LAUNCH VEHICLE COST STUDIES (472K)
¢ REUSABLE AEROSPACE PASSENGER TRANSPORT (283K)
o ADVANCED LOGISTIC SPACECRAFT (300K)
o NATIONAL SPACE BOOSTER (895K)
*» LOGISTIC SPACECRAFT EVOLVING
FROM GEMINI (436K)
* INTEGRATED LAUNCH AND REENTRY
LOGISTICS SYSTEM (750K)
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STUDY CONCLUSIONS
® LATERAL RANGE CAPABILITY REDUCES OPERATIONS COSTS

® ABORT SURVIVABILITY CONSIDERATIONS MORE DIFFICULT FOR HIGH
L/D CONFIGURATIONS

® HIGH L/D WEIGHT PENALTIES RELATIVE TO BALLISTIC CONFIGURATION
DIMINISH WITH INCREASED CREW AND PAYLOAD SIZE

® LAND LANDING FOR BALLISTIC SYSTEMS — GLIDING PARACHUTES
(L/D >2.0) IS FEASIBLE

® TWO STAGE FULLY REUSABLE ‘AIR TRANSPORT TYPE SYSTEMS
HAVE VERY HIGH DDT&E COST, HIGH DEVELOPMENT RISK, SIGNIFICANT
TECHNOLOGY GAPS

® OPERATIONS COSTS HIGHLY SENSITIVE TO REFURBISHMENT
¢ HIGH ANNUAL LAUNCH RATES REQUIRED TO AMORTIZE DDTAE
® VERTICAL TAKE OFF MOST EFFICIENT; LEAST COSTLY

® COST OF OWNERSHIP SENSITIVE TO FLIGHT RATE, DEGREE
OF REFURBISHMENT



NASA

Johnson Space Center

Shuttle Definition Activity

Figure 3

}

CY68 | CYb9 L CY70 L 04-.: : t : O<..~N . 1 n<..\0
T 1} T T ) T T
TECHNOLOGY M 54 M a7 ¥ 15 M
DEVELOPMENTS 30
BIG G
MDAC - GEMINI DERIVATIVE LOGISTIC SPACECRAFTY
RFP = 9TO 12 MAN SPACE STATION LOGISTIC SUPPORT VEHICLE
v

ILRV - PHASE A

MDAC-HL-IO & MSC STRAIGHT WING - 25K PAYLOAD

MARTIN - SPACEMASTER - 36.5K PAYLOAD (UNFUNDED)

NAR - MSC STRAIGHT WING - 50K PAYLOAD

GD - TRIAMESE & TWO-ELEMENT SWING WING - 50K PAYLOAD
LMSC - 1 1/2 STAGE DOUBLE DELTA, TRIAMESE - REDIRECTED TQ 2 STAGE FULLY REUSABLE

NASA IN-HOUSE SHUTTLE STUDIES - MSC, MSFC, LARC

£

» CONCEPTUAL DESIGN & SIZING STUDIES - MDAC SUPPORT
e DC-3I SHUTTLE DESIGN - YOUGHT SUPPORT

RF®
PHASE B SPACE SHUTTLE
HI & LOW X-RANGE ORBITERS
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e O40A ORBITER
* 043 ORBITER

W_Z)r REPORTS

. PHASE B EXTENSION

FULLY REUSABLE BOOSTERS

MDAC/TRW/MMC :
RI/GD/AA/H :

ALTERNATE CONCEPTS :

GAC/TBC

LMSC

« 11/2 STAGE THRUST
AUGMENTED

e SOLID BOOSTER/
REUSABLE ORBITER

= REUSABLE BOQOSTER
AND ORBITER

» MINIMUM RiSK FULLY
REUSABLE

BOOQSTER TRADE STUDIES
FULLY REUSABLE

PRESSURE FED REUSABLE
PUMP-FED REUSABLE

SAM EXPENOABLE

SRM REUSABLE

FULLY REUSASLE ORBITER
EXTERNAL H TANK ORBITER
EXTERNAL HO TANK ORBITER
COST-DDTAE & OVERALL
PEAK FUNDING

TECHNICAL RISK
RELIABILITY & TURN-AROUND
RESULTS:

PARALLEL RECOVERABLE SOLIDS
EXTERANAL HO TANK ORBITER

Fa¥
A NAR SELECTED FOR
FRASS G0 SHUTTLE PHASE C/D

CONTRACT
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® CONCERN AS TO VERIFICATION OF INTERNAL TANKS FLIGHT
TO FLIGHT: INSULATION INTEGRITY, LEAKAGE

® CONCERN AS TO INERTING OF INTERNAL Hy TANKS FOR ENTRY
® CONCERN AS TO DELTA PRESSURE ON ENTRY

® OVERALL REDUCTION IN ORBITER SIZE AND EXPECTATION OF LOWER
DEVELOPMENT COST/RISK

® COMBINED LHy; — LO, TANK REDUCED c.g., ASCENT EXCURSIONS
® TANK STRUCTURE RELATIVELY SIMPLE AND EFFICIENT
® TANK ‘STRETCH' OPTION TO OFFSET INERT WEIGHT GROWTH OR
LOW THRUST PERFORMANCE
CON
@ EXPENDED UNIT EACH FLIGHT ADDED TO OPERATIONS COST

® ENVIRONMENTAL CONSTRAINTS — CONCERNS RELATIVE
TO DISPOSITION
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® TWO STAGE FULLY REUSEABLE
® COMPLEX MISSION PROFILE

- BOOSTER LARGE ROCKET SYSTEM
LARGE AIRCRAFT SYSTEM

- ORBITER SMALLER VERSION OF SAME BASIC SYSTEMS

® COMPLEXITY - HIGH COST
- MULTIPLE CONCURRENT DEVELOPMENTS
- NUMEROUS TECHNOLOGY RISKS
v

® LESS COMPLEX EXTERNAL TANK ORBITER

® SERIES BURN - PUMP FED BOOSTER
- PRESSURE FED BOOSTER
- SOLID ROCKET MOTOR BOOSTER

® PARALLEL BURN - PUMP FED AUGMENTATION
- PRESSURE FED AUGMENTATION
- SOLID ROCKET MOTOR AUGMENTATION
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MAIN ENGINE-ORBITER

PAYLOAD SAY

LAUNCH CONFIG

BUAN .c._/“nn_n.
4.

BOOSTER TYPE

B00STEA
ENGINE

SSME = SPACE SHUTTLE MAIN ENGINE
BRB = BALLISTIC ROCKET BOOSTER
SAM = SOLID ROCKET MOTOR
12057 = 120 INCH § SEGMENT

3AM -~ TITAN
1207 = 120 INCH T SEGMENT $AM
158" = USAF DEVELOPED LARGE SAM
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® ENGINE SELECTION
¢ F-1 — KEROSINE/LOX — APOLLO DERIVATIVE
¢ J-2S — CRYOGENIC LOX/Hy; -~ APOLLO DERIVATIVE
¢ SSME — CRYOGENIC LOX/Hy -~ NEW ENGINE DEVELOPMENT

® HIGH IMPULSE, HIGH THRUST LEVEL REDUCED OVERALL SYSTEM SIZE
AND COMPLEXITY

¢ REDUCED NUMBER OF ENGINES

¢ REDUCED GROSS LIFT-OFF PROPELLANT

® NEW DESIGN MADE REUSEABILITY EASIER TO IMPLEMENT
® THROTTLING NOT AVAILABLE AND DESIRED

® DIGITAL CONTROLLER — CLOSED LOOP FOR DEVELOPMENT AND
PRECISION CONTROL

® THRUST LEVEL — 470 VS 350 IS A CHOICE OF THREE VS FOUR
ENGINES FOR THE ORBITER
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PAYLOAD BAY SIZING
15 x 60 — 14 x 45

® PAYLOAD WEIGHT ACCOMMODATION MORE SIGNIFICANT THAN
VOLUME ACCOMMODATION

® SHORTER PAYLOAD BAYS MAKE ORBITER BALANCE DIFFICULT
(SMALLER REDUCED THRUST ENGINE OR LONGER PAYLOAD BAY)

® REDUCTION IN PAYLOAD BAY LENGTH HAD SMALL EFFECT ON INERT
OR GROSS WEIGHT

® LARGER VOLUMES ACCOMMODATE MULTIPLE PAYLOAD >0mxm0>4-02
MORE EFFICTIVELY
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BALLISTIC RECOVERY BOOSTERS

® SERIES BURN
® LARGE BOOSTER — RECOVERY IS DIFFICULT

.?.CFq._vrmmZQ_meDZUOOz_vrmx_qﬁwmr_bw_r_d.<.memm
.wOOw._.mm-Omm_._,mzmmnbm).—._OZm_!vrm
® SERIES STAGING EFFICIENCY

® ORBITER ENGINE IGNITION AT STAGING

@ PARALLEL BURN
® ALL ENGINES RUNNING AT LIFT-OFF

® EXPLOITS SSME PERFORMANCE
- LIQUID (PUMP OR PRESSURE FED)
e SMALLER BOOSTERS — EASIER RECOVERY
* LOWER GROSS LIFT-OFF WEIGHT
* BOOSTER SEPARATION COMPLEXITY
e REFURBISHMENT COMPLEXITY
- SOLID ROCKET MOTORS
SMALLEST BOOSTER — EASIEST RECOVERY
LOWEST GROSS WEIGHT
BOOSTER SEPARATION COMPLEX
SIMPLEST SYSTEM TO REFURBISH
HIGH RELIABILITY
ENVIRONMENTAL CONCERNS

Figure 9



Figure 10
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SHUTTLE SYSTEMS DESIGN EVOLUTION ORBITER SYSTEMS INTEGRATION OFFICE
1972 - 1973
PHILIP M. DEANS 9-18-84
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