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OVERVIEW: SPACE VEHICLES REQUIRE
SIMULATION CAPABILITIES

PROPULSION

STRUCTURES
LOADS
AERODYNAMICS
CONTROL
OTHER

PRESENTATION SCOPE: PROPULSION SIMULATION AND PROPULSION SYSTEM TESTING

PRESENTATION OBJECTIVE/
APPROACH: THROUGH ASSESSMENT OF SIMULATION CAPABlUTIES AND REVIEW OF

CONTRIBUTIONS FROM PROPULSION SYSTEM TEST PROGRAMS ILLUSTRATE
THAT BOTH SIMULATION AND PROPULSION SYSTEM TESTING EACH HAVE
IMPORTANT ROLES IN SPACE VEHICLE DEVELOPMENT.
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SIMULATION CAPABILITY ASSESSMENT
(NO PROPULSION SYSTEM TEST)
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SIMULATION CAPABIUTY ASSESSMENT
(NO PROFqJLSIONSYSTEM TEST)
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ADVANCED VEHICLE SM.EATION CAPABI.RY ASSESSMENT

(NO Fq:tOPI.LSK)NSYSTEM TEST)

EVALUATION
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SYSTEMS TESTS [3ENlu-u:u EVENTS
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EXAIdR.E

SHUTTLE
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WGINAL STABILITY CiUU_TERISTICS - ETIORBITER 17" 02 DISCONNECT.

SAT V
ENGINE TO STAGE BOLTS STRUCTURALFAILURES

S-]I ENGINE THRUST CHAMBERCHILL FAULTY - ENGINE STALL POTENTIAL
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MPTA TESTING EVALUATION
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PURGEUSAGE

5K IZ
System

30K 3
System

FIRE WATER
USAGE

(EXTERNAL)

ABORT
SOURCE

Vehicle 2

Engtne 8

SATURN V, IB, I TESTING EVALUATION

DEVELOPMENTSTAGES FLIGHT STAGES

TEST TEST TEST DESTROYED
VEHICLE NUMBER ABORTS INADVERTENTLY STAGE ACCEPTANCE IN

•CUT" DESTROYED TESTED TEST

SIC
'ALL SYSTEMS'

S-II
BATTLESHIP
ALL SYSTEMS

SIV B

SI/IB

15

54
9

21

23

29
6

15

15

27

22

1042



MPTA
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"SPECIAL" VEItCLE SlbCL_TION ISSUES

(PROPULSK:)NRELATED)

SPACE ENVIROhlMB_ EFFECTS ON:

• PROPELLANTMANAGEMENT

• PROPELLANT THERMAL CONTROL

• TANK PRESSURE CONTROL

• PROPELLANT DYNAMICS

• PROPELLANT RESUPPLY
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"SPECIAL" VEHICLE SIMULATION ISSUES

,jTANK PRESSURE CONTROL

..:.:.,- &.__ .OESTRAT,FYPROPEL',NT
•,t,. ; "-'ib_ _c>_,_ • SUPERHEATED VAPOR VENTING

PROPELLANT THERMAL CONTROL"'-- ",
• REUSABLE HPI .'" "_

" PROPELLANT DYNAMICS
• SLOSH

\ _ /'Yl " RESE'I-rLING INCLUDING BAFFLES

\ _IY
I. " _" I "

PROPELLANT MANAGEMENT"_------_-_-'?-,_'_J_Y
• START BASKET OR TANK _'IP"-

• RCS,THRnUST.nn= -ru--,,_T ['-----I_----] _FEED SYSTEM REQUIREMENT
• _....................... t • T • NPSP

TO ENGINE " FLOWRATE
• START-UP SHUTDOWN SURGES

"SPECIAL" VEHICLE SlvlLLATION ISSUES

(PROPULSONRELATED)

SIVIULATION ASSESSMENT:

FOR SOME ISSUES -

• NECESSARY TECHNOLOGY DOES NOT EXIST

• DEMONSTRATION OF TECHNOLOGY NECESSARY

• ORBITAL EXPERIvENTAL DATA NECESSARY

• DEVELOPMENT STAGE GROUND TEST POSSIBLE/DESIRABLE

• SPECIAL DEVELOPMENT GROUND FACIIITES REQUIRED
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MPTA TEST SCHEDULE

DATE 8CHF.DUUE

DEVELOPED

10/10/7/

4/=0r_

=/11/80

ACTUAL TEST SCHEDULE
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NOTE: RA.. HESONANTILOAD_IG TESTE

CONCLUSIONS

• PROPULSION SYSTEM TESTING HAS PREVENTED CATASTROPHE AND MISSION LOSS

EVENTS AND LAUNCH DELAYS.

• THE C_ OF INTERACTIVE CHARACTERISTICS OF VARIOUS SUBSYSTEMS/

DEFIES ACCURATE SIMULATION. SYSTEM TESTING PROVIDES FOR MODEL BASING

AND ENHANCES SIMULATION.

• SOME ADVANCED/'SPECIAL" VEHICLES MAY HAVE EQUAL OR GREATER REQUIRE-

MENTS FOR PROPULSION SYSTEM TESTING AND UNUSUAL TEST FACIBTiES/

METHODS MAY BE REQLIRED.

• A GROUND PROPULSION "SYSTEM TEST" PROGRAM IS THE LOGICAL APPROACH

FOR PROVING DESIGN CHARACTERISTICS/METHODS WHERE RJC_T CATASTROPHIC

FAILURES OR OTHER FAILURES CAN BEST BE UNDERSTOOD AND CONTROLLED.

• ADV_T IN TECHNOLOGY AND TE_OGY DEMONSTRATION IN SOME

AREAS IS NECESSARY TO SATISFY FUTURE MISSION REQUIREMENTS.
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