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FOREWORD

This report is a technical assessment of a Shuttle-based
launch system consisting of the Shuttle Orbiter, the external
tank, and a recoverable ligquid rocket booster system replac-~
ing the solid rocket booster system. This report was propared
for Johnson Space Center under Contract NAS9-14520. This
study was conducted under the direction of Mr., Robert W. Abel,
the technical monitor and H. P. Davis, chilef of the Future
Programs Office.

Compilation and publication of this assessment involved the

time, effort and cooperation of a number of organizations and
individuals. WNASA personnel directed the study and defined

design reguirements and constraints. The actual computations
and the majority of analysis used to gencerate the roeport wore
provided by the Sigma Corporation. Willie £. Heineman of ¥W2
checked vehicle weights and provided a number of the weight \
algorithms. !



INTRODUCTION

The use of a recoverable ligquid rocket booster (LRB) system
to replace the existing solid rocket booster (SRB) system

for the Shuttle offers the potential of extending the payload
capability and of cost saving by recovery and re-use of the
LRB with a minimum of refurbishment cost. The concept usecs
the basic orbiter modified to include a weight penalty to
account for the additiconal structure necaessary to accconmodate
the increased payload and the Shuttle ET modified to account
for deletion of the SRB/ET attachments and scaled according
to a constant mass fraction. Some modification of the ET
would be required to take thrust loads longitudinally along
the tank rather than laterally through the tank. Two different
types of LRB were investigated. One consisted of three and
four up~rated PF-1 engines, while the other was powered by
high-pressure LOX/RP engines based on those propesed by Mr.
Rudi Beichel of Systems Development Corporation. The LRB i3
mounted aft of the ET and is Jjettisoned at booster engine
cut-off (BECO) and recovered for re-use.

The present study, designated EDINO0OS, was initiafted for the
purpose of assessing this LRB concept. The study, based on
information contained in References 1 through 6, was performed
using EDIN software and hardware and represents a joint effort
between NASA and Sigma Corporation. The NASA Engincering
An=2lysis Division and the Future Programs Office were involved
in defining design requirements and constraints. Sigma
Corporation developed the simulation procedures and sunported
the engineering analysis and computations.

Historical welght estimating relationships were developed for
the LRB using Saturn technology and meodified as required to
support the EDINOS study. Mission performance was couputoed
using February 1975 Shuttle configuration yroundrules to
allow reasonable comparison of the existing Shuttle with the
EDINOS5 designs. The launch trajectory was constrained to
pass through both the RTLS/AOA and main engine cut-off (MECO)
points of the Shuttle Reference Mission 1. Performance
analysis is based on a point design trajectory model which
optimizes initial tilt rate and e=o-atmospheric pitch profiles.
A gravity turn was emploved during the boost phase in place
of the Shuttle angle-of-attack profile. Engine throttling
2dd/or shutdown was used to constrain dynamic pressure and/or
lengitudinal acceleration where necessary. Four basic con-
figurations were investigated: a parallel-burn vehicle with
an F-1 engine-powered LRB; a parallel-burn vehicle with a
high-pressure engine~pcwered LRB; a series-burn vehicle with



a high-pressure engine-powered LRB.

The relative sizes of

the LRB and the ET are optimized to minimize CGLOW in most

IPYERETE SN

This raeport
sngineering
tion of the
sicn of the

comprises two volumes, Volume I contains an
analysis of each simulation performed, a descrip-
simulation programs and procedurcs, and a discus-~
LRB welght estimating relationships. Volume II

presents the detailed results of the simulations, including

waight statements, trajectory plots,

breakdowns,

and mass properties
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DISCUSSION OF RESULTS
Configuration Descriptions

Four basic configurations were invaesticated in the EDRINQS
design series:
l. A parallel burn vehicle with an F-1 engine-powoerad LRB.

2. A parallel burn vehicle with a high-pressure engine
pcwered LRB.

3. A series burn vehicle with an F~l engine-powered T.RB.
4, A series burn vehicle with a high-pressure engine-
powered LRB.

The EDINOS study series comprised ten individual dasign simala-
tions, which are briefly described below.

STUDY_NO.

EDIN0OS50L LRB sized for thre?-1l, ET resized to minimize
GLOW for 100K up-payload; parallel burn,

EDINOS02A EDINO501 LRB modified for seven 630K sca-level
thrust high -~ Pc engine propulsion system,
EDINOS501 ET, maximum payload detormined, parallel
burn.

EDINO5Q2B EDINO502A LRB, ET resized to maximize payload,
parallel burn.

EDINNS503 EDINO501 LRB modified for six BNOK sea-level
thrust high-P¢ engine propulsion system, ZDIN0501
ET maximum payload det=2imined; parallel burn.

EDIN0504 LRB sized for optimum T/W using rubber high-Pc

engines based on 800K Beichel, ET resized to
minimize GLOW for 140K up=-payload; parallel burn.

EDINO504A LRB sized for optimum T/W using rubber high-Pc
engines based on 800K Beichel, ET rasized to
minimize GLOW for 150K up-~payload; parallel burn.

EDINO0504B EDINOS04A LRB modified for three F-1, EDINO504A
ET, maximum payload determined; parallel burn,
EDINO504C LRB sized for optimum T/W using rubber high-Pc

engines based on 800X Beichel, ET resized to
minimize GLOW for 150K up-payload; serics burn.

EDIN0504D EDINO504C LRB modified for four F-1, EDINO504C
ET, maximum payload determined; parallel burn.
EDINO505 LRB sized for four F-1, ET resized to minimize

GLOW for 100K up-payload; series burn.



EDINOS RESULTS SUMMARY

spuTTLE| 501 502A [502B 503| 504 504A ! 504B| 504C | 504D 505 |
LRB SRB | Sized| 501 | 501 501 | Sized | Sized| 504A} Sized 504c| Sized
for 3w/ (MY |w/ (6) s/ (6) for for w/ for w/ for
F-1 680K| BOOK 800K | opt. opt. 3 opt. 4 4.
Hi~Pc |Hi-Pc | Hi-Pc| T/W T/W F-1 P/ | F-1 F-1
Hi-Pc Hi-Pc Hi-Pc
ET - R 501 R 501 R R 504A R 504C R
PL 65K | 100K D M ) 140K 150K D | 150K D . 100K
TYPE P P 2 P P P P P S S i S
GLOW 4.203M|4.835M | 4.817:|4.928M4.698M|4.261M | 4.804M1.598M 4.587m4.344m§4.795m
T/W 1.491 |1.240 | 1.236 11.209 [1.283 ;1.236 1.350 %.303 1.345 1,47y .1.340
LRB LIFT-OFF 2.327M|2.760M | 2.693M[2.693M z.segmi2.955m 2.562M2.428M |2, 898M2. 760M {3. 186M
LRB PROPELLANT | 2.019M|2,506M | 2,459/ 2. 459M2.335M 1, 855M 2.333M?.180ME2.642MF.468M;2.919M
LRB INERT 309K| 254K | 234K| 234K| 234K 200K | 228K 248K | 256K 292K; 265K
ET I,IFT-OFF 1.626M{1.805M | 1.805M|1.921M|1.805M 1.879: | 1.905m§.905mf1.351mﬁ.3243§1.322m
ET PROPELLANT | 1.540M|1.707M 37M'1.80?M§1.70?Mi1.777mf 1.801»1.801m21.275N§.248Mg1.251m
ET INERT 86.3K| 98.0k , s8.0K 104.1K} 98.0K?102.5K§ 103.9K}03.9K§775.2K 75.2K§ 73.0K
PAYLOAD 65K| 100K | 132K ! 137K: 136K 140K T’ 150Kz78.5Kl 150K§73.3Kf 100K L}
D Determined |

Maximized
Paraliel Burn
Resized
Series Burn
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FROFILE AMD IMITIAL TILT FATE.
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THRILIET ¢ WHE tvg4snsn,n LEE OREQR{A
IzPnEly 266,01 2EL. L
IIPCYAL ) 29,41 TEC. OF Poop Qﬁ?{‘fn Is
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ARERODYHAMICE ¢ LATA FOR LAUMCH PERFOPMANCE OFPTIMIZATION
KWEFE OBTARIMED FROM ZHUTTLE RERO EXTIMRIEZ. RDJIZTMEMTE
WERE MADE TO THE REFEREMCE HAFER FOR IRE DELETIOM.
FEF HRRER = ZTIV.0 OEROFT

ITRUCTURE:  OREITER AMD EXTERMAL TAMK CTRUCTURAL WEIGHT MODIFICATIOMS
ARE IMCLUDED FOR DELETION OF THE SRE<ET RTTACHMEMTI AR
IMCRERZET UF PAYLOADS.

MREES FMAZL PROPERTIEES ARE EBATED OM THE FOLLOWIMGE BARZIC
FROFERTIEZ: RAIZSIMMPTIOMNS.
LEE: WERT EBRZED OM ZATURM TECHMOLOGY .
ET: FIKXED MATZ FFRACTION DIZTRIEUTED IN
ACCORDAMCE WITH SHUTTLE ET WMEIGHT
ZTATEMEMT .
OREITER: FEE 1597VS ZHUTTLE WITH MODE FOR
IMCREASED UF PAYLDORD.



EDINO501 DESIGN SIMULATION RESULTS
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COMVERSEMZE DRATH:

L0
THROW WEIGHT
FrRYLORD

TOTAL WIDEAL
ZTRGE 1 MIDEAL
ITAGE 2 MIDERL

TOTAL FEOPELLAMT
I.FE FROPELLAMT
ET PROPELLAMT

STHEE 1 ZIZIME DATH
AYERAGE R, IMP,
LIFT=0OFF TN
PR THLUM G
TIME RT MAs &
T 1 MAs LF
TIME BT MAX LF
EFF WDOT~LFE
EFF WDOT-EVEMT 1

STREIMG COMDITIOME:
WETISHT
FEL WELOCITY CFPEH
FEL F.F. AMGLE CDEGZ:
ALTITUDE ©FTX
TIME ©ZELCD
ATT AFTER ITG rLEG
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MIZZIOM SUMMARY: OCTOEER 1. 1975

4ELTIHE,

2020V 2

FlEsnnt .,

Wia
.

—
-

0 o

O =) [0 B i

= =g =] fu o= D0
0

s o 1Taw

)
. &

fu
=Jif-

13

_

Ll LI

Hl'u

41TIIE,
132044,

1099y .3
PREns w5

Gl =il NCHR
TavsEE,

FHREAMETER EWEMT I EWEMT & EWEMT 3 EWEMT 4
TIME ©ZECH 1n..7 236 .3 SE1.0 &06.0
RLTITUDE <k FT2 7.2 24,8 @ad .4
FEL WELOCITY <100 FPaE) gl 1 =R S, 0 201.3
FEL EAMMA CDES: =510 e LSEE -89.8
WEIGHT «k LEZ 1517 .3 1955 .9 1325 .4 234.0
WEIGHT DRFOF 0k LEZ: &304, u ] 7] 0
THROW WEIGHT ok LEE 1553, 1325 .4 417 .24 0
cur WIDEAL o100 FRE R0 N I R e A N DR 0
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P00 0000400000000 4 0000000400040 00 0000400050000 040 440040040404 840405
FOFECRZTER: EDIM LETIRM CENTEP DRTE: 10 OCT v%
RFFILIATION: EMGIMEERING AMARLYZIIZ DINVITIOM-.JIC TIME: 1707V
ITUDY HO: EDIMOSNE

PP PP PP LGP PO PPPPL PP P PP LI LI PP PRI P L O PPL OIS LS00 000340 4PSobbae

éUHEEPT= A 32.0 FT. DIARMETERP RECOWEFREBLE IZTRIGE UZIMS 7000 HIGH
FRESIURE EMGIMEZ MOUMTEL BEHIMD THE THUTTLE ET FOP
FEPLACEMENT OF THE Z0LID FOCKET EBOODZTERT.

MIZZION: MAXIMUM PRYLOAD
DUE ERZT LAUMCH FROM ETR
R 250 FPYT OMZ JELTA WEL IM EXCEZZ OF A SOXM100 MAUTICAL
MILE FEFEFENCE OREIT.
A olul FPET RO TRAMILATION LELTR WEL.

TRAJECTORY: DAL COMITRAIMT OFTIMIZED EXO-ATMOIPHERIC PITCH
FROFILE RAND IMITIAL TILT RATE.
MID FOIMT COMITRRINT THUTTLE MIZZION 1 RTLI-ROA
EMD FOIMT COMSTRAINT SHUTTLE MIZZION 1 MECD
RTMUSPHERIC IMFLIGHT COMITRAIMTE COMTROLLED E% HIGH
FREIZIURE EMSIME THROTTLIMG AMD-OF TIME THROTTLIMG.
MAF DYNAMIC PRETIURE = £54.,0 FIF
MAK ACCELERATION = 2,0 05

0ol

ﬁHDPULEIUH: LFE: 700 HIGH PREEEUPE EMSIMEZ PARTED AT FOLLOWZ:

THRLUET Lo = S20000,00 LEE
THRUSTCWACY = “35:nn o LES
THREOTTLE = 1.00 7O .San
Y S = 219,00 IZEC.
1EZPOVHD Y = D45 .40 EEC.
FLOWRRTE = L1CT.T LE-ZEC
E=IT ARER 122 T FT
Ml RATIO = 4U 1
OFREBITEF: THREE Z2IZME EMGIMEZ RATED AT FOLLOWE:
THRLUIETCSL Y TESOO00.a0 LES
THRUIET CWAD Y 4yEQaan.nn LT
THROTTLE LOROTOD LSA0

._‘rl—n

IZPCILY

.55 =0 SEC

Wi mesmnn

ITZP VT 495 .20 TED
FLOWRATE 1022 .5 LEAZEC
EXIT HRER g4 0298 B FT
MI¥ RATIO IS}

RERODYMARMICE: DHTR FOR LAUMCH PERFORMANCE OPTIMIZATIOM
WEFE OETAIMED FROM ZHUTTLE RERO EXTIMATE:. ROJUIZTMEMTI
WERE MALE TO THE REFEREMCE RFER FOR :RE DELETIOM.
FEF HRFEH = 205F .0 IR FT

ITRUCTURE:  OREBITER AND EXTERMAL TAMK ITRUCTURAL WEIGHT MODIFICATICHD
RRE IMCLUDED FOF DELETION OF THE ZRE-ET ATTRCHMENTS AMD
IMCRERZET P PAYLOADS.

MRS MRS PROPERTIES ARE BRSED OM THE FOLLOWIMG EASIC
FROPEFTIES: AIIUMPTIONE. :
LRE: WERS EBRIED OM SATURN TECHNOLOGY .
ET: FIMED MRSS FRACTION DISTRIEBUTED IN
ACCORDAMCE WITH SHUTTLE ET WEIGHT
TTATEMENT.
OREITER: FEE 157S SHUTTLE WITH MODS FOR
IMCRERSED UF FRYLORD.
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[HTEGRAL LOx TAME SRR,
IMTEGRRL FLEL TRMK 1anga.
IHNTERITHSE TTET,
AFT ZKIRT e 1%,
THEUST ITRPUCTURE 3315,
HERODYHAMIL IURFRACET Ry
STRBRILIZERT DFRE FLAFZ® RE1E.

THEFMAL FPROTECTIOM ZW:ETEM
THHE IMIULATIOM
RELATIYE MATERIAL .

FPOWER ZUFPPFLY. COMYERZIOM-DIZTRIBLUTION Fos,
ELECTRIZAL ZHITEM
COMTROL ZWZTEM

IMZTRUMEMTRTIOM ZYWITEM 1520,
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SCCETIORIED 15,
GIMEAL =YITEM SEmE,
EAZE HEAT ZHIELD 435,
FLEL Z%ITEM mnEe,
OxInIZER ZYETEM 184149,

TEPAPATION AMED PECOVERY IWITEM
ZEPRRATION IY¥ZITEM
CHUTE ZN% «MATH AMD DROGUE:
FLOATATIOM 4% "EM
FECOYERY RIDT
FITTIMEEZ AMD ZLFFORTZ
FETRO %2 o100 FoZ DEL Wo
FEEMTRY HERT IZHIELLD
ZTRGE DRY MEIGHT
COMTIMBENCY
EMFTY WEIGIST
FROFPELLAMT REZIDURLE
FUEL RBIRZ 12ad.
TRARFPED LO¢ TRME GHRZEE =T,
TRAFPFEL FUEL THARME BRIE: g,
FROZT TRAFFED 434,
TRAFFED FIIEL 121en0,
TEAFFEL L0 1a0vs.
IM=FLIGHT LOZZEZ 4271,
FUEL LOZ=: 1
L0 LOZZEER Pt
MAIM PROFELLAMTE S4Sasae,
FUEL yiala
LO 1723947

w P LI

T Lo =) o B e i
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I a

EL_fil SCESIEND,
MAZE FRACTION <RBAIED OM IMERT WT A1

OFEITER WT IE4laed .0
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COMYERPGEMCE DARTH:

el Ga2E000,
THFEOW WEISHT dEIsEn,
FRYLOAD 138E91 .,
TOTARL YWIDEAL Iesig.n
ITRRE 1 WIDEAL 10542.7
ITHIZE & YWILERAL 193971 .3
TOTHL PROFPELLANT JeeSvlio,
LRPE FROFELLAMT S4SER1E.,
ET PROFELLAMT 19aFaes.,

ITARGE 1 SIZIMNG LARTH

RYERRGE ZFP. IMF. 345 .51
LIFT-0FF T~ 1.0
MER TMLIM 0 43T .
TIME AT MR 2 . A0
ITE 1 MAX LF Ljulnal baul S
TIME AT IiHY LF v POOR QUALITY 156, 1
EFF WDAOT-LFE oF P 14305 ,.8
EFF WDOT~EYEMT 1 1E1E1 .5
STRGIME COMDITIOMS:
WE IEHT 150E7vEs,
FEL WELOCZITY «FPE s B =
FELL F.F. AMSLE <DEGY 2T, 4T
ALTITUDE «FT) 1a5554 ,
TIME “ZEC 168, 05
ATT AFTER =TS (DE3) SHE

CPEPPEBEPEPIL PSSRSO RSP LPPPOLS L PP SR PP OPCPP R PP L PSR BEL PP BB S e e b

MIZZION ZTUMMARY ¢ OCTOEER 10 1375

FAFAMETER - EBVEMT 1 EMEMT & EWEMT 3 EVEMT 4
TIME VEECR 168.1 257 .2 Sen.3 578.3
HLTITUDE ck FTo 135 .6 4L E 234 .4 0
FEL WELOCITY <100 FRE S H 21 .4 243 .10 2701, 3
FEL GRMMR (IES: 2.4 2.E7 SEd -89.8
WEIGHT <k LEZY 4322, 0 1674.7 1267 .0 234.0
WEISHT DROP k LBLD 23400 ] i 0
THROW WEIGHT ok LEZD: 1674, 7 1287 .40 425 .23 0
CL VIDEHL clon FPREY 0.4 S13E. cangad 0
UOWHRAMGE CHMI 40.9 153.5 954 5 236.9
EVEMT 1 BECO-ZEFARATION EVEMT 3 MECO-IMJIECTION
EVEMT & FTLZ-AOA COMEZTRAIMT EVEMT 4 LFEE TOUCHIOWH

LR PP P L BPPLPLP RSP R OO L P L PP PR RPLLPRPPAPPOCLPP PP L0900 0bsbotbde
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B T T T T R T P R P A YT PR P TR T S T L R
FORECHITER: EDIM DEZIGM CEMTEP DATE: 10 QCT 7S
AFFILIATION: EMSIMEERING AMALYIIZ DIMIZIOM-JIC TIME: 15307
ITUDY HO: EDIMOSRZ

A T T T P T 2 TR e e R S S L D e I L

COMCEPT & A 32,0 FT. DIAMETER RECOVERAELE ZTRGE LIZIME & .00 HIGH
FREZILURE EMSIMES MOUMTED EEHIMD THE IMUTTLE ET FOF
FEFLACEMEMT OF THE ZIZOLID POCKET EBOOZTERTI.

MISZION: MAKIMIM PAYL.OARD
DUE ERET LRUMCH FROM ETR
A 250 FPT OMZ DELTA WEL IM EXCEZI OF A SO0 MALTICHL
MILE FPEFEFPEMCE UOREBIT.
A 100 FPT RCE TRAMILATION LDELTHR YEL.

TRAJECTORY : DAL COMEZTRAIMT OPTIMIZED EXO-ATMOZFHERIC FITCH
FROFILE AMD IMITIAL TILT FATE.
MID POIMT COMSTRAIMT = ZHUTTLE MIZIZION 1 PTLZ-RORA
EMI POIMT COMSTRAIMT = SHUTTLE MIZZIOM 1 MECO
ATHMOZFHERIC IMFLIGHT COMZTRARIMTE COMTROLLED BY HIGH
FRETIUPE EMSIME THROTTLIMGE AMD<OP IZIME THFOTTLIMEG.

MEM DYMAMIC PREZIURE = &50.0 PIF
MAE ACCELERHAT ION = 3.0 05
PROFULZIOM: LRE: &.00 HIGH PRETIURE EMEIMEZ RATELD AIZ FOLLAOWE:
THRUETCZL » SO0oan.nn LEBEE
THRUZT WA SoSeI0n..00 BT
THFROTTLE 1.00 7O .S00

ZET.e0 ZED.
2S0.30 ZEC.
Zd4dz .2 LE-ZEC
21.720 ZR FT
CER-2IES 1

SME EMSIMEZ PATED AT FOLLOWE:

ISPOEL
IZPCWHC S
FLOWRRTE
EXIT ARER
MIw RATIO
UOFEITER: THREE

g a0 e nmann e

THRUZTOZL ITSIO00.00 LEL
THRLZT CWRC Granng.oan LB
THROTTLE .o 7O 200
[EPCzla HEI 20 ZEC
IZRPCWHC 455,20 SEC
FLOWRATE 10z22.59 LBCZEC
EAIT AFEH G 228 I FT
MI¥ RATIO LD

FERPOIMMAMICE: TATA FOR LAUMCH PERFORMAMCE OFTIMIZATIOM
WERE OBTRIMED FROM IZHUTTLE RERO EIZTIMATEZ. ADJUETMEMTE
WERE MADE TO THE REFEREMCE RRER FOR ZRE DELETIOM.
FEF HRREEH = 2557.0 I FT

ETRUZTIURE § OREITER AMD EXTERNAL TAMEK ZTRUCTURAL WEISHT MODIFICATION:
HRE IMCLUDED FOR DELETIOM OF THE IRE<ET ATTHCHMEMTZ AMD
IMCRERZED UF FRYLORDE.

MREE MAZI FROFPERTIES ARE BRAZED OM THE FOLLOWIME ERZIC
FROPERTIEZ: RAEIUMPTIONE.
LREEB: WERT EBREIED OM IATURM TECHHOLDRY .
ET: FIKEL MAIE FRACTIOM DIZTRIEBUTELD IM
ACCORTAMCE WITH EZHUTTLE ET WEIGHT
ETATEMENT.
OREITER: FEE 1375 ITHUTTLE WITH MODE FOR
IMCRERZED UF PRYLORD.
€1
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HMEIGHTE ZUMMARY EEFORT

ST 4527514 .51
ET LIFT-0OFF WEIGHT 18054557 .24
ET IMEET WEIGHT =P 1 AT TS
ET PROFELLANT 1707522 .21
LEE LIFT-TFF WEISHT SSESEER.TE
LRE IHEFT WELSHT R
LEE PREOFELLANT 2324210 .50
OFEITER LIFT-0FF WEIGHT ZEza04 .00
BEEITEF IMERET WEIGHT 1E7Es4 Lan
FRYLORD 12n1z22.01
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OREITER WELSHT STATEMEMT FOF MIZZIIOM 1t

WIMGE SROVP

TARIL =rROJP

EQDY EROUP

IMOLCED EMMIRM FPROTECT
LAMDIMGE & AlE ZHWITEME
FROPULZIOM=-AZCEMT
PROPLILZION-RICZ
FROFPLULIZION-0OME

FRIME FOWER

ELECTFICAL COMWERTION
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FREPLACEMEMT OF THE Z0LID FOCKET EBEOOZTERE.
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FORECHITER: EDIN DEIIGM CEMTER DRTE: = LEC O
AFFILIATION: ENGIMEERPIMG AMALYZIZ DEWITION I TIME: 12:4%

STUDY nO: EDIMOSHY

PLPLPPICSI PP L PP PPOIPOOLBPOP PP PP TP P PO PP B POP RO GLEPP PSR P LIRS OIeS

éDNEEPT: A 2.0 FT. DIAMETER FECOWERRELE ZTRGE LTIME 2,51 HIGH
FRFEIIURE ENSIMET MOUNMTZID EEWINL THE IHLTTLE ET FOF
FEFLATEMENT OF THE IOLID POCKET ECOITEFI.

MIZSI0M: {SA0an .0 LE FAYLOAD
DIVE EALT LRUMNCH FROM ETR
A 2SO0 FFRT OMS DELTR WEL IH EnCEIL OF A Siotnn MalTToSsL

MILE PEFEFEMIE OFEBIT.
AoL0n FPD RCID TRAMILATION DELTA WEL.

TPRJIECTORY ¢ DAL CONITRAIMT CPTIMIZED EXVI-ATMOIFHERIC FITOH
FROFILE AMD IMITIAC TILT PRTE.
MIOD POIMT COMITRAIMT = CHUTTLE MIIIICH 1 RTLI.RAR
EMDI POIMT CONHTTRARINT = THUTTLE MITIION 1 MECD
ATHOZPHERIC IMFLTEWT COMITRAIMTT COMTROLLED EY RIGH
FPREIZIZURE EMSIME THPOTTLIMSE HHD-OF LIME THRPOTTLIMG,
MAE OYMHAMIC PREZIWUFE = 2S00 FLIF
PRy ACCELERATION = 3

Sal o

ﬁFDPULiIDN: LEE: 5.8l HIGH FREIIURE EMGIMED FRTED AT FOLLOWD:

THRD TTo I SOONLL L LED
THRLTTY MRS TRESFI MY LRI
THFOTTLE 1.0 T Sun
[ZPeiln 3100 IEC,
TZRVYR AT RN IR,
FLOWFATE 2438 .8 LE-ZEC

EXIT RAFEH
MIH PRTIO
OFBITER: THFREE
THRIJZTCZL
THRUST WA
THFEOTTILE
IZPeEL N
IZPOYALY
FI.LOWNFATE
EHIT APEA
MIn FRTIO

=L 0N S FT

LT

THME EMEIMEL FRTED BRI FOLLDWT @
IVESNGn a0 LED

GUNNGG, 00 LED

Poa= 70 .S00

M.l IET

455 .20 TEC

1nze.5 LEB-ZEC

44,398 it FT

s, 0]

I

I ¥ O | T I | S S | A T 1 |

AEROUWSYMAMICE ¢ DATR FOF LAUMCH FEFFORMAMCE OFTIMIZATION
WERE OBTAIMED FrROM IHUTTLE AEFO EITIMATEI. ADJNIZTMEMTE
MEFE MALE TC THE FEFEREMCE RFEA FOFP SFRE DELETIOH.
REF ARER = 23%7.0 I FT

éTRUETUPE= OFEITER AMD EXTEFMAL TRAHE TTRUCTURAL WEIGKT MODIFICATIONT
ARE INCLUDEL FMOR DELETION OF THE IRECET ATTROHMEMT: <D
IMCFEAZED UF PRYLOARDT.

MELE METT FROFERTIET RARE BRIED OM THE FOLLOWIMG ERIIC
FROFERTIES: HAIILMFTIONT.
LFEY WEFE BRIZDL OM TATURH TECHMHILOEY.
ETs FISED MALTI FFRACTIOM DIZTRIBLTED IM
ACCORDAMCE WITH THLTTLE ET WEIGHT
TTRTEMEMT .,
OFREITEF: FEER 197% THUTTLE WITH MOLI FOF
IMNCRERZED P FRYLORD.
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LHE TAME
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AT 1129.7 FRAME
EAFREL O .4
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LIGIID POCKET EOBITEF WEIGHT ITATEMEMT @

EODY ITRUCTIURE
IMTEGPAL LIOW TAME
INTEGRRAL FULEL TAME
IMTERTTRIZE
AFT ZHIRT
THFELUZT STRUCTURE
AERFDODYHAMIC TURFRCES
SITREILIZERT CDRAS FLAFI)
THBERMAL FPOTECTION Z%ZTEM
TAME IMTULATION
RELATIWE MATERIAL

FOMER ZUPFLY COMVERZIOM-DIZTRIERUTION

ELECTRICAL ZWITEM
COMTROL ZWETEM
IMZTRUMEMTATION =YITEM
IMETRUMEMTARTION
FROFULEION
EHGIMED CIRY
HLCEZIORIEE
GIMBAL IYITEM
EMZE HEART ZHIELD
FUEL SYITEM
OxIDIZER ZWETEM
TEPRFATION AMD RPECOVERY ZWITEM
IEPRFATION IYITEM
CHUTE 275 oMSIM AND DROGUE "
FLOTATION IWITENM
RECOVERY _IDE
FITTIMGET AMD TLUFPORTSE
RETFO Z%%= o100 Fo2 DEL WO
FEIMTEY HERT THISLD
TTROE DRY WEIBHT
COMTIMGEHCY
EMPTY WEIRHT
PROPELLANT REZIDUARLE
FIIEL EIRZ
TRAFFED LOx TAMK SAZED
TRAFFED FUEL TAME GREEE
FROZT TRRFFED
TRAFFED FLEL
TRAFFED L
IM=-FLIGHT LOZZEE
FUEL LOZZES
Loy Loz =E=
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COMMERGEMCE DIRTH:
S
TRARGET FAYLOARD

4204474,
1S,

ACTUARL FAYLORD 150229,
TAOTAL “IDERL LS LN

TASE 1 “WIDEAL I |

ITAGE 2 YWIDEAL SNEET LA
TOTEL FPFOPELLANT 313,

LFE PROFPELLANT ERIIELC.

ET FFOFELLANT Tannevi.

ITAGE JETTIZON WEIGHTZ
STRBRE 1 JETTI:EON WT E22o419,
ITAGE & JETTIZON WT tazszz

ITAGE 1 ZIZIMG DRTH
AWERPARIGE EF. IMP. TR BT

LIFT~-OFF T-# 1,250
AR T - A=
TIME AT MAs 2 TELE
T3 1 MAKE LF .00
TIME AT HMAX LF 13d .8
EFF WDOQT-LFE 1RETY 5
EFF WLAT-EWEMT 1 13850,3
ETAGING COMDITIOME:
WETEHT 1337214,
FEL WELOCITY CFPIH SICE

PEL. F.P. AMNGLE CDES) 2E.T0
ALTITUDE <FTH 1710
TIME «ZEC: 1432, 3
ATT AFTEF =Ti3 CDEGX .

PROPPPEEPRP PP ERBIP PP EP PP RO PPPR R LR RBB RN PP R b et s Posbisbsia

MIZZION I MMRPY @ DECEMEER S 1979

FARAMETER EVEHT §  EVEHT & ZWEMT 2 EVENT 4

WEIGHT DROFP ok LEZ: 2o .3 /] e
THROW WEIGHT vk LED 179 & 1415 .5
CiM WIDERL <100 FRS QELEY 129,53

TOWHFERHIGE CHMI 2 79,1 16 3,3% 993.0 2273,

TIME CZEDS 14%.4 2441 STE.T 552.5
RLTITUDE ok #T0 171.0 ERt- N 334,73 0
FEL WELOBCITY 100 FRI ] 1.4 24 3,0 1.988
FEL GAMMA CDEG 2.7 EREE - SEE -89.8
WETSHT ok LBEI 4204,% IVSE.8 0 1413.4

.3

K}

cWENT 1 BECO- ZEFARATIOM EVEMT = WMECG IM_JECTION
EVWEMT = FTLZ-R0R COMITRAIMT ZWEMT 4  CFRE TOLCHIELM

PERPP PP PP LPROAGIPPRER PP PP B POPRIBPoRrP O PRI PR LS LBEPR SIS bs bRt
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FOFECARZITEP: EDIM DEZTom CEMTER IHTE: & DEC %
AFFILIATION: ENSIMEERPING AMALYIIT DIWIZION. 220 TIME: 1<S:8

STUDY n: EDTHCSNS
T T T PPN Yy

COMZERT ¢ A 3.0 FT. DIAMETER FECOWERPABLE I7TRGE LIIIHG 2,000 F-i
EMSIHEZ MOUMTED BEHIWD THE IHUTTLE ET FOP FEFLACEMENT
OF THE I0OLID FOCKET EOOITERI.

MIZZION: MATIUM PRYLOAD
DUE ESET LAUMCH FPOM ETF
A 250 FPT OMI LELTS WEL IM EWCEIZ OF & S0-iind MRl T Iosi
MILE FEFEFEMCE OFEIT.
AL FRI RPCT TRAMILATION DELTA YEL.

TRAJECTORY ¢ DURL, COMOTRAINT OFTIMIZED EXO-8TMOTFHERIC FITCH

FFOFILE AMD IMITIAL TILT FHTE.

MID POIHT COMITRRINT = ZHUTTLE MIZIION | FTLI AOA

EMIY POINT COMITRATHT = ZHUTTLE MIZIIOH 1 MECD
HTMOZFHERTIC IMFLIGHT COMITRPARINT: CONTROLLED EBEY OME FI
EMEIME THUTDOWM AMD-OF TTME THRFOTTLIME,

MEN DYMAMIC FREIIUFE = -JU.U FIF

MA: ACCELERAT ION =

L0 a

FROFULZIOM: LRE: z.000 F-1 EMRIMED FATEL AL FOLLOMSE @

TRHRPUZTOILY = 120erse.,? LET
THRJZITOWACY = (7942 0en . LET
2ROzl = 2en .01 IEC,
TP VWRLC ) = 22a 40 IEC,
FLOWRRTE = 2040, LB TEC
eExIT AREA = Ge v ed I FT
MIx FATIO = .27

OGFREITER: THRFEE IIPME EMSIMEZ FRHTELD AT FOLLDOWI:
THRUSTESL = ITS040.,00 LET
THRUZTOMRC? = 490000, 00 LEE
THFOTTLE = 1.9 7O 500
TIRCIL = IeI.En ZEC
IZROWACY = 45%.20 IEC
FLOWRATE = 10z2.9 LE-ZED
EXIT RARERA = dJda 358 InFT
Mlw FRTIO = 5,008

FEFODYHAMICS : DATA FOR LAUMCH SERFOPMAMCE OFTIMITATION
WERE OETRIMEL FROM THUTTLE RERD EITIMATE: . ADJLITHMENTS
WERE MADE TO THE FEFEFEMCE ARER FOF TFE UELETION.
FEF AFER = 2EST.0 I FT

LTRUCTURE S OFEITER AMD EMTERPMRL Tatk ZTRUCTORFARL WEIGHT MODIFIZATIONT
REE IMCLUDED FOR DELETIOM OF THE IFE-ET ATTACHMENMTI <D
IMCREAIED UF FRYLOARDE,

MHEZZ MRZII PROFPERTIEZ ARE ERIED OM THE FOLLOWIMG BRIIC
FEOFERTIEZ Y AIIUMPTIOMI.
LRE: WERZ ERIED OM TATURNL TECHMOLOZY .
ET: FIMED MPRIT FRACTIOM DIITRIGUTED IM
ARCZORPLAMCE WITH ZHUTTLE ET WEIGHT
STRTEMEHT,
OrFEITER: FER 1375 IHUTTLE WITH MODI FCF
TMCRERZED P PRYLOPD.
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LINDID POCEET BOUITER WEISHT TTRATEMEMT :
EODY ITRUCTLRFE
IHTESFAL LOY Tenk
INTEGRAL FLEL TAHE
INTER I TRIGE
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THFILZY STRDCTURE
AEFQDYVHAMIL IRFARCES
STREILIZERT «DFAEZ FLART
THEFMAL FFOTECTIOM W ITEM
THME IMZULRTION
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ELECTRICRAL IWITEM
COMTROL ZWITEM
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AERDODYHAMICZ Y DATA FOF LBUMCH PERPFORMAMIE OFTIMIZATIOH
WERE OBTRIMED FROM ZHLUTTLE AERD EITIMATEL. ADIIITMENTS
WERE MARDE TO THE REFEFEMCE ARER FOR IFE DELETICH.
FEF AFER = TSF.0 T FT

éTFUCTUPEi OFRBITER AMO EXTERMEL TAMk ITRLOCTURAL WEIGHT MODIFICATIOND
AFE IMCLUDED FOR DELETION OF THE IRE-ET RYTROHMEMTI &1L
IMCRERZED UP FPARYLOPDI.

MH:C MAZE PROFEFTIEZ SRE ERIED OM THE FOLLOWIMG EAIIC
FROFEFTTIEL :  RIZUMPTIONZ.
LREY WERT EBESTED OM Z9TURMN TECHMOLOGY .
ET: FIMED MARII FFACTIOM DIZTRIBUTED IH
ACCORDAMCE WITH ZAUTTLE ET WEZIGHT
ITATEMENT.
OFEITER: FEER 1975 THUTTLE WITH MODE ~OF
IMPRERIZED U FRYLORD.
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EDINOS04D DESIGN SIMULATION RESULTS
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METGHT =

SLO
ET LIFT-OFF WEIGHT

ET IHEFRT 1IEIGHT
ET FFOFELLANT

LEE LIFT-OFF MEIGHT
" LFE IMERT WEISHT
LFE FROFELLANHT

- i

DFEITEFR LIFT-GFF WEIGHT
OFBEITER THERT WEIGHT
FAYLOAD .
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TUFMREY

FEFOET
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OFEITER WEIISHT TTATEMEMT FOF MIZZI0ON i3

al[Hix BRGUR 1S
TRIL GFROUWF S
EQDY GFOUR FRIR
INDIZED EMWIRMN FROTECT fage

LANDING & &bl Y STEMT

=T O
e

GRS LN £ 1 Ml I R Ty I U T o

FROFILZIOM-AZZENT SENS

FROFILZION-FCT e

PROPLILZ IOM-OMEI Sang.
FRIME FOMEP JREN,
ELECTRICAL CONMHWERTZIONM SR,
HYDRALDLIC COMvYER T YOM 1adn,
TURFACE COMTROLZ 2rIE,
AVIOHICE ETTE .
EMYIFOMMEMTRL COMTFOL Sran,
FEFTOMHEL PROVMIZION 00,
FAYLOAD PEOVIZIONT Sas .
MARISTH L1337
WT FPEHALTY FORP 100K FSYLD an

OFRBITER EMRTY WEIGHMT 191715,
PER IOHMEL S,
FEZITLAILE 1470,

FEZEFWE FLUIDZ 1240,
IHFLIGHT LIZZET 2171,
AZCENT PROOULEION ToEd,
PROFELLAMT--FCT =Eebl .
FROFELLAMT-OM? 1ela3,

OFREBEITER IMERT WEISHT 127284,
FRYLOARD TIIET.
OREITER PFELRUMHCH WEIGHT STy,

EWTERHAL TAME W JAAT TTATEMENT:
LOv THRHE e
EHD =3
Sl FRRME 3
hlR ORIve 10ns
FET OBIVE SIVE.
T THS FRESME S,
EAFFEL a3,
IHTERTAM, SREME THE,
AFT DOME 2Ts
ILOZH ERFFLE: 127
IMTERTHAME PEE-T
MACHIMED BAasFFEL FHLEI IENS.
IK-ZTBF EARFEL FMLE 4111.
CTREILIZ LW FRAMES OG0 1155,
TRE OTHFIT 7 a2% FRAME 0.
CRE THFIDT EEAM o,
IRE THRIT SITTIMHZD ¢&) n.
RCCE=ZEZ DOOF S
EAFFEL Mol TRLICED 20 =g
FRAME ZT7~BLIZERE 12
=T AZTY FAITEMERZ 14&.
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LHE

T
FL DOME

LT 11&%,F FRAME
EAFFEL NO.4

WT 1377 FRAME
ERFFEL HO.3

uT 1524 FRAME
ERFFEL NHO.E

“T 1271 FPAME
EAFFEL NO.!

AT Z092 FPAME

SFET

THEFMAL FROTECTION

L
IHTE
LHE
FROF

LOx
LOx
L
L3k
LHE

DOME

TAHE
FTHHE
THME

CMECH+ELEL ¥

PROPULIION FAND MECHAMICAL
FEED I
ANTIGEVER 271

WENT TY
FREZZ.
FEED I

IR LR R
r

P

bl

TIITEM!

HE RPECIR. IWI
LHE YEHT VI

LAZ FREZI, IVE
HELIUM IMJ. 242

INTEFTAHE FURGE 73

HAZARFD FA: DETECTIOW I%':

FAIFIMGZ AMD COMDUIT
LIME ZLIFTZI,
ELECTFICAL ZYITEM
ET WIRIMSE RIIY
IRE WIFIME HIZY
INZTRIUMEHTAT IOM

CHELIME RTTRCOME .+ IEHICF

OFRE-ZFE ATTRACHMEMTZ
OFEITER IUFPPOFTE
WMEILICAL EBEAM
OFE-ET RATTACH FTSET
ZFESET ATTACH FTE:
ET-OrRE UMBILICAL HIWF

MARMHIIFARCTLRING YARPIATIAON T

EMPTY WMEIGMT
UHUZAERLE FLUIDE
LHE TH TAME
LH& IM LIME
L0 I LIME
FRE~FREZZ (+INMFLIGHT SATEST
SHE
S0
HEL ILIM
IEFRRATION HAFRDWARE
TRE IUFPORTE
OFE FITTIMGE
FLT FEFF FEZ
ET IHEFRT WT
MEIH PROFELLAMTE
I REN
LHZ
ET LIFT=-OFF WEIGHT
MATT FRACTION «BERZED OM
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LIGUID FOCKET BOCITEP MEISHT ZTATEMENT:
EODY ZTRUCTLIFE

INTESPRL LOY TAMK EX
INTEGRAL FLEL THHk 13
INTER TS ORIGINAL PAGE IS 5
AFT IF IF OF 15
THRUZT STRUCTURE POOR QUALITY 3.2

AEFQDYHAMID TUFFRCE:
STREILIZERI ' DFAG FLAFT '

THEFMAL FFROTECTIOMN IWITEM
TAMK THIULATION :
RELATIVE MRATERIAL 122

FOWER ZLIFFLY-COMWYERIIOM-DIZTRIELUTION
ELECTRICAL JYITEM
COMTROL Z+ITEM

INZTRUMENTRATION ZWITEM
INETPLUMENTATION 12

PROFILIIOH

EMEIMEL -~ LF"Y? TELS2.
ACCEZCORIES S5E5,
FIMERL IWITEM Trdd,
BATE HERT IHIELD 4395,
FLIEL Z%ZITEM 111a=,
O=ITDIZER IWETEM IEDEER

SEPRRATIOM AND FECOWERY IZWITEM 18EaT,

EPRRATION ZWITEM o4z,

SHUTE %3 SMAIM AHD DROGLE SrEG.

FLOATATION I45TEM 104,

RECOWERY SIDL 1oz,

FITTIMGEZ AMD TLFPORTES Lav,

FETFO W d10n F-2 DEL Yo 174,

FEEHTRY HEAT THIELD GETE,
ITAGE DRY WEIGHT 4T IEE,
COHTIMGEMCY 0.
EMPTY WEIGHT L PRCIST A
PROFELLAMT REZIDUARLET S04 02,

FUEL RIAZT 1=,

TRAPPED LOW TAMHE EATEZ 41939,

TRAFFED FUEL TAME GRIZEE 2235,

FROZT TRAFFED 354,

TRRAFPFED FLEL 1aved,

TEAFFED LO: irzns.
IH-FLIGHT LOZIEZ G243

FUEL LOTIEZ N5,

LOw LOZIEZ =195,
LFE IMEFT MT 2aEnie,
MAIN FPROFELLAMTE cSdRIETE,

FIIEL rEE1E,

L3 1v1adze,
ELOM STENSEE
MAZE FRACTIOM “ERIED OM IMERT MT? e

OFEITEF WT e uSyE Ll

ET WEIGHT 1323613.4

LFRE WEIGHT 2T UIsT T

>L.Obi 4344h60.1

T 1 LAMEDA R RES]

ITE & LAMEBEDA EEEE
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COHWERGEMIE DRTH:

Sl 4 id4dde i,
ACTLAL PAYLLOAT TIIEL,
TOTHRL WIDEAL ShrEs .S
TREE 1 “WIDEAL TR LS
ITRGFE & “IDEAL EETEELT
TOTAHL FROFELLANT IT1AT O,
LFRE FPOFELLAMT SdREaTe,
ET FFOFPELLANT 1242450,
ITAGE JETTICON WEISHTD
ITARGE | JETTIZON NT 2EENLE,
ITAGE & JETTIION WT 7ol
ITAGE | ZIZIMG DATH
AYERRIGE IF. IMF, SEL LT
LIFT=0FF Toh .47
MAMIMLIM A, 1
TIME AT MAs 132 45 .7
ITS 1 MAY LF 2 TE
TIME AT MRX LF 1&a.n
EFF WpOT-LFE Sadns.5
EFF WDOT -EWEMT 1 SO405 .5
STRGIMG COMOITIONT @
WEIGHT 1E7Ta&nd,
=EL WELDOCITY vFPI IESE LT
FEL F.F. AMGLE v DEGD EC L
HLTITLUDE tFTa 1I70%e,
TIME Y IEC: L&, 5
ATT BFTER ITE rUEGH 1.:54
MISSION SUMMARY
PARAMETER EVENT 1 EVENT 2 EVENT 3 EVEMT & EVENT S
TIME (SEC) 45.75 121.0 281,1 517.2 467.0
ALTITUDE (K FT) 20.5 137.1 248.6 394,6 0
REL VELOCITY (l00 FPS) 10.3 39.6 g81.4 243.,0 2.25
REL GAMMA (DEG) 73.8 3L,k 8.27 . 528 -29.8
WETIGHT (K LBS) 4b344,5 3239.1 1584.2 10L3.3 292.0
WEIGHT DROP (K LBS) 0 292.0 0 75.2 0
THROW WEIGHT (K LBS) 3239,1 1584,2 1043.3 260.6 0
CUM VIDEAL (100 FPS) 76,0 137.2 303,3 0
DOWNRANGE (NMID 0.65 19.98 186.5 826.7 110.9
EVENT 1 ONE F-1 ENGINE SHUTDOWN EVENT 3 RTLS/AOQA CONSTRAINT
EVENT 2 BECO/SEPARATIGN EVENT & MECO/INJECTION

EVENT 5

LRB TOUCHDOWN

— g w—. mea e Sy G mme . bl men sy MG mmey e Sl e e S v b AR e G dmme et Eme R e e e
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EDINOSQY LAUNCH STRTE 16 DEC 75
1.9 --
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EDINOSQY PROPULSION BRTA DEC 75
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EDINOSQU FLT CONSTRAINTS DEC 75

071\P
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— o S~

ETA

QAL

HA
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TIME

] EDINOSCY FLIGHT ATTITUDE DEC 75
gl- T e o T
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ALT

10

EDINOSOY H-V PROFILE 16 DEC 7S

VENT 3

EVENT 4
O e e

wEVENT 2

EVENT| 5
EVENT] 1
_“IL
50 100 150 200
REL ¥
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EDINQSULL LRB REENTRY STATE DEC 75

* xio0P°

g EDINOSOY REENTRY HEARTING DEC 75
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SIGMA CORPORATION

EDINOS05 DESIGN
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et LI TR LRI IR YL Y Y R T R 2 T SR Y T AR A S TS
FORECRZTER: EDIM DEZIGH CEMTER DATE: 24 HOW V'S
RFFILIATION: EMSIMEERIMG AMALYIIZ DIWIZIOM~JZC TIME: (r3:41)
STUDY MO: EDIMOSOS

TR T R R R R TR TR T Y R S T A R PR LR SRR S 2 2

EDHEEPT= A 22.0 FT. DIAMETER FECOVERRELE ZTRGE LIZING 4.000 F-t
EMGIMEEZ MOJUMTED EEHIND THE IHUTTLE ET FOF FEFLARCEMENT
OF THE ZIOLID ROCKET BOOTTERE.

MIZTIOM: 100000.0 LE FRYLOAD
DIUE ERIT LAUHCH FROM ETR
A &S50 FPD OMI DELTRA YEL IM EMCEST OF A Sex100 MAUTICAL
MILE REFEREMCE OREIT.
A 100 FPS RIS TRAMILATION DELTR WEL.

TRARJECTORY : DUARL COMITRAIMT OFTIMIZED EWO-RTMOZFPHERIC FPITCH
FFROFILE AMD IMITIARL TILT FRTE.
MID FOIMT COMITRARIMT = ITHUTTLE MIZIION 1 RTLIZ-ROR
EMD FOIMT COMEITRPRIMT = ZHUTTLE MIIZZION 1 MECOD
ATMOZPHERIC IMFLIGHT COMITRAIMTI COMTROLLED BY OME F1

EMGIME ZHUTDOLM AMD-OR SITME THROTTLIMG,
MR DYMAMIC PRETZURPE = £50.0 PIF
MR ACCELERAT IOM = 3.0 5

FROPULZIOM: LREB: 4.000 F-1 EMZIMET RATED AL FOLLOWEZ:

THRUETCZLY = 1eldsv22.5 LET
THRUETOVACY = 174525 0,0 LEE
IZPCIlo = 28,01 %EE.
IZPCYARCY = ZEA, 4u TED,
FLOWRRTE = &040,.3 LP‘,E
EXIT RFERA = ER.rED IRFT
MLy RPRTIO = 2.27:1
OFRBITER: THREE ZEIME EMSIMET RATED AT FOLLOWD:
THRUST 2Ly = 2FS000.00 LEE
THRIJETCWAD Y = Syaann.on LES
THROTTLE = 1.0% TO 500
TEPCEL A = BEI.Z0 EEC
IZP YA = 435.20 ZEC
FLOWRATE = [022.9 LE-SEC
ESIT AREA = 44 208 R0 OFT
MIX RATIO = &, 0nst

RERODYHAMICE 2 DATA FOR LAUNCH PERFORMAMCE OFTIMIZATIOM
WERE OETRIMED FROM ZHUTTLE RERO EXTIMARTEZ. ADJUZTMENTE
WERE MRLDE TO THE FEFEFEMCE AFEA FOR IFE LELETION.
FEF ARER = 2EEFT.0 20 FT

STRIICTURE ¢ ORRBITER AMD ESTERMAL TAMK STRULTURAL WEIGHT MODIFICATIDMI
HEE IMCLUDED FOR DELETIOM OF THE ZIRE<ET RATTACHMEMTIZ AMD
IMZREASED P PRYLOADE.,

HH:: MREZZ FPROFERTIEZ ARE EATED OM THE FOLLOMWIME ERZIC
FROPERTIEZ: RIIUMPTIONE.
LEE: WEREZ BRZED OW ZATLIRENM TECHMILOGY.
ET: FIXED MAZI FRACTION LIZTFRIEUTEL IH
ACCORDAMCE WITH ZHUTTLE ET WEIGHT
STRTEMEMT .
OREITER: FER 13VS ZHUTTLE WITH MODE: FOR
IMCREARZED UF PAYLOAD.

!-l
b
[e3]



ORBITER WEIGHT IZTATEMENT FORF MITIIOM 1

WIME ZROF 15524,
THIL GROUP 2IERE .
EOny SROUP 321,
IMDLIZED ENY1RN PROTECT 1'323ve .
LAMDIHG & A ZYITEME TEEZ.
PROPULZ IOM-RICEMT Y =
FROFLULZIOM=-RCE SETT .
PROPULEZION-OMZ S0 .
FRIME POWER 2REH,
ELECTRICAL COMMERZIOM £R5 0,
HYDRALULIC COMYERE ION 1240,
ZURFRCE COMTROLE 2730,
AYIONILSE ST
EMYIROMMEMTAL COMTROL SIal.

FERZOHMEL FEOVIZION 11an,
FPAYLOARD PROYWIZSIOME 5ES.
MARE LM 1327 .
WT FEMHRLTY FDOF 100k FAYLD LT 1IN
OREBITERP EMFTY WEIGHT 191715,
FERZOMMEL 2edd
FEZIDUARLE 14¥F10,
FREZERWE FLHIDT 1241,
IMFLIGHT LOIEZEER =3 o N
AZCEMT PROFULZION S024,
FROPELLAMT-RCE sdl .
FROFELLAMT-OME 1149,
OREITER IMERT WEIGHT 1a% .
FRYLOARD 1o,
OREBITER FPRELAUMIH WEIGHT 22V294 .,

EATERMAL TAMK WEIBSHT ZTATEMEMT:
L= TAME 11297,
EHD

|

FiiDl FRERME 3r.
Fiun O5IVE HER.
AFT OGIVE a0l
AT 745 FRAME 229,
ERRREL , 21324,
IMTERTRNE FRAME Tre.
AFT DOME ZoaE,
SLOEH BRAFFLEZS 1333,

IMTERTAMK
MAZHIMED BRFPEL PHLE ITE3,
LK<ETIOR BRRREL FHLE 424,
ETREILIZIMSE FRAMEZ (4 1101,
IRE THRET KT 2285 FRAME 1.

At
e

1]
) il

ZRE THRET EBEAM o,
ZRB THREZT FITTIMEE o2 n.
ACCEZSZ DOoOR S,
BARREL FMLE ZPLICET =) S,
FRAME =ZTHEBLIZERE 17=,
ET AZZY FARASTEMERZ 139,
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LH2 THANK

FiyI DOME 13
“T 1129.7 FRRME 137

EARFEL MO.4 4774
T 1377 FRAME 473
BAFRFEL MO.Z2 ==
mT 1634 FRAME 473
EARFEL MO.2 G2 e
T 1871 FRAME 1504,
ERFPEL MO.1 S073.

“T 20352 FRRME 2275,
AFT DOME 1e2g,

THERMAL PROTECTIONM
LOW TAMEK
IMTERTHMEK
LH2 TAMEK
PROP CHMECH+ELEC
PROPULEION AMD MECHAMICAL SYITEME
LO¥ FEED Z¥E
LOxW AMTIGEYER %3
LOX WEMT 3%2
LOKW PREZE. ZIWE
LHe FEED I4W'E
LHE RECIF. IZY'E
LH2 YEMT 2%
LHe PREZE. ZYE
HELIUM IMWJ., 2%3E
INTERTAMK FURGE I4Y2
HAZARD HAE DETECTION =4'E
FRIRIMGZ fMHD COMDUIT
LIMNE ZUPTE. AMD ATTACHE.
ELECTRICHL =%ETEM
ET WIRIMZ AEEY 1.
TRE WIRIME REZIY o
IMSTRUMENMTATION 13,
CRELIMG ATTACHI .+IENEZOR ITUFTE. =it
ORB-ERE ATTRCHMENTE

[ s
Fo o0 Mo Mo
Gl O -
Ena N LY L PN

_
g
V=g S

o J0 o0 o e T D

— Ju
~] = = e 03T 1]

C T R Mo
- L]

L T
[ RN
e

QREITER ZUFPORTE LRl
UMBILICHL EBERM S5&
ORE-ET HATTHCH FTGEE ST

IRB-ET RATTRCH FTEE
ET-ORE UMEILICAL HIWR
MAMUFRCTURING WARIATIOM WT.

EMPTY WEISHT
UMUZRELE FLUIDE
LH2 IM THME 0.
LH2 IM LINE
LO¥ IM LIME
FRE-PREZZ .+IMFLIGHT GRIEZ
THZ
20
HEL ILIM
IEFPRRATION HARIWARE
IRB SUFFORTE
ArE FITTIMEE
FLT PEFF REZ
ET IMERT WT
MAIM PROFELLAMTS
Wk LOVOZsyY.
LHE 1VesiEl.
ET LIFT-OFF WEIGHT
MREE FRACTION
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LIRUID POCKET BOOSTER WEISHT STATEMEMT:
BODY 3TRUCTURE LTS
INTEGRAL LO¥ THAMK 24101,
IMNTEGPRL FUEL TEME 15337,
INTERSTRIZE SEER.
AFT ZKIRT 1e15%9,
THRUZT ZTRULCTURE 3422,
REFODYNAMIC ZURFACES B,
STARILIZERT CURAG FLAPS) S5 E
THERMAL FPOTECTIOM ZYITEM 2305,
TRME IMSULRTION
RELATIYE MATERIAL .
POMER ZUPPLY-COMVERIIOM-DIZTFIBUTION BT
ELECTRICAL SYSTEM
COMTROL Z%STEM
INSTRUMEMTARTION 3%WSTEM 1520,
IMSTRUMEMTHTION 20
PROPULZION 114545,

— ir
L3 51
meE Fh oo
i Su a

- =)

fe
n
11]

EMZIMEE (DRY X TELSS,
ACCEZZORIESD ST
FIMBAL ZWITEM ridd,
BAZE HEART EZHIELD G236
FUEL =YETEM 11135,
OXIDIZER EYITEM 15R55.

TEPARRTION AMD RECOWERY ZYITEM

TEPARATION =YITEM S,
CHUTE Z4%'% CMRIM AMI DROSUE! REE.
FLOTARTIOM I%EITEM L.
FECOWVERY RIDZE 104,
FITTIMEZ AMD ZIWFPORTE S0l
RETRO SYE <100 F«Z DEL %D IEIB .
FEEMTRY HEAT ZHIELL FETE .

STAGE DRY WEIGHT 21z0ve.
COMTIMEENCY .
EMFTY WEIGHT 21F07E.
FROFPELLAMT REZIDUALE GEHH],

FLUEL EIRE 100,

TREAFPED LOX THME SAZES 4511

TRAFPED FUEL TAMHK GARZEES s

FROZT TRAFPED SO5.

TRAFPED FLEL 15103,

TRAFPFELD LOX 21054,
IN=-FLIGHT ((OZZEX SNET .

FIUEL LOZSEZ 232,

LOx LOZZES SAT .

-

M
o

LRE IMERT WT SESIEN
MRIH PROPELLAMTE 2EEn4TT
FUEL =an112,.
LOx SNETEsS

EL O ' " oztmsser.
MRED FRACTION (ERSED OM IMEPT WEIGHT LR 1ETE

OREBITERF WT SETES4 .0
ET LWEIEHT 1322352 .,.4
LRE WEIGHT T12T5RY .8
LW 4751745
T3 1 LAMEDA LHLETE
ETE & LAMEIA sy
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"

COMWERSEMNCE DR A

L0 47ES174 .
TARARSET FPRYLORD Tooaia,
RCTIUAL FAYLOARD 1n0zesz.
PRYLORD DELTH e LT
Tara. HIDEHL 034,11
ZTAGE | YIDEAL =510,
STRIEE & YIDEAL Z1RET .8
TOTAL PRDPELLHNT 4159854,
LFE PROPELLANT =1yt
ET FROFELLAMT 1250252,
FIRST TTAGE JETTIZOM WT SE3R2T,
ZECOHD ZTRGE JETTIZOM WT TRATS.

EZTRGE 1 TIZIMG DATA

HYERREGE ZP. IMP. 21,3z
LIFT-0FF T~N 1.340
MR IMUIM &2 Bal.d
TIME AT MMAx 3 B2.5
TR 1 MAM LF 2.7
TIME RT MR LF 140.0
EZTRSIMS COMDITIONE:

WETEHT 123Ved4V73,
REL WELOCITY fFPZD 4577 .2
FEL F.F. AMSLE «DES = ke
ALTITUDE «FT» 149411,

TIME <ZEC 147,24
ATT RFTER 2T <DEGX =Ty

e ad SOl DIt et St ol o s s e X et Sl Sl I I I el il L il ALl
L]

WETGHTE ZUMMARY FEFORT

ELON 4TES1 TG .50
ET LIFT-OFF WEIGHT {TR2a53 .36
" ET IMERT WEIGHT TEAES .35
ET PROPELLAMT 1ES0ESE .75
LEE LIFT-UFF WEIGHT S1EGSET .15
LRE IMERT WEIGHT SES0a0. 01
LRE FROFPELLAMT S31E7 00,94
ORBITER LIFT-OFF WEIGHT 2ETESS ., 00
" ORBITER IMERT WEIGHT 1ETESS . 0
FRYLORLD TO00an, o

PP PRI P EELBL PRSP POP PG EPE PSP OB L PP 00 4442 EILL P40 PP 290 0o d
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EDINOSQS H-V PROFILE 24 NOV 75

» 8
o
E ]
b
EVENT 4
“—1-EVENT 3
8
—EVENT 2
4
EVEmT 1
- EVENT 5
S 50 100 150 200 250 F
REL V X10

BOEPLTPLP PP P PP RPELP PP OCRLPIPIPPEPPPROPOPP LI L LSS PP+ b0bbbttd

MIZZION SUMMARY : MOYEMBER &4 1375

PARAMETER EVEMT 1 EYENT & EWEMT 3 EYEMT ¢ EWEMT S
TIME «SECH B S0 140,28 SIE.0  490.0
ALTITUDE (K FT LTS 143,49 L 0
REL WELOCITY 100 FRFZ)  12.2 45 .2 Z43.0 2.15
REL SAMMA ¢ DES) S L6 24 .4 527 -89.8
WEIGHT ok LBI 475,82  3IE8T.1 S L1259 264.9
WETGHT DROF fk LEI: i ZEd D Y T 0 0
THROW WEIGHT ¢k LEZ)  3&35.1  1611.5  1188.%  387.58 0
CUM WIDEAL (100 FRS) ES.10 2043 0
DOWMPAMEE  (HMT 1.328 28.97 187.7 865.3 136.0
EWEMT 1 OME F-1 EMGIME ZHUTDOMM EYEMT 3 FRTLI-AOF COMITRAINT
EVEMT &  EBECO-TEFARATION EYEMT 4 MECO-INJECTION

. EWENT % LFE TOUCHDOKM
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