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ABSTRACT

A launch vehicle has been investigated for the Solar Power
Satellite System (SPS). The technology level assumed for
sizing was that predicted for 1995. The candidate concept
designated EDIN0621B is a two stage, winged, series burn
vehicle capable of delivering an one million pound payload
to low earth orbit.

The mission profile for launch vehicle sizing was an unmanned
due east launch from a latitude of -5.3 degrees and the payload
was delivered to a 50 X 270 nautical mile orbit. A propulsion
system was sized to provide payload circularization™ at apogee.
Any docking, rendezvous or additional Delta V reguirements were
assumed to be integral to the payload.

The EDINO0621B concept used LOX/C3H8 booster engines and uprated
Shuttle System main engines in the upper stage. The propulsion
system characteristics were uprated to a 1995 technology level.
Gross liftoff weight of the baseline vehicle was 18,367,853
pounds. The booster stage required thirteen engines; the

upper stage required seven. The vehicle was designed to a
liftoff thrust to weight ratio of 1.3.
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SUMMARY

The objective of this study designated EDIN0621B was to define

a candidate heavy lift launch vehicle for the Solar Power
Satellite System. Each solar power satellite has been estimated
to weigh nearly 200,000,000 pounds in geosynchronous earth
orbit, and thus would require the launch vehicle fleet to
deliver close to 500,006,000 pounds to a low earth assemble
orbit for each power satellite.

The mission profile for launch vehicle sizing was an unmanned
launch from a latitude of -5.3 degrees to an elliptical earth
orbit. The launch vehicle injected the payload into a 50 X

270 nautical mile orbit; the orbit injection point was near

the 50 nm perigee. After injection, the payload was separated
from the upper stage payload bay. The payload was then placed
into a circular orbit at 270 nm apogee by a propulsion system
in the payload. Payload at 270 nm circular was 1,000,000 pounds.
The second stage of the launch vehicle would reenter the earths
atmosphere at an altitude of 400,000 feet after one orbit. The
mission profile required that each spent stage be returned to
launch site for reuse.

The EDIN062B concept was sized based on a predicated technology
level expected for the year 1995. In addition, twenty percent
of the first dry weight and ten percent of the vehicles second
stage dry weight was established for growth allowance. The
configuration investigated was a two stage series burn vehicle.
Recovery system.was. a non-powered winged flyback for both stages.

A three degree of freedom launch trajectory program was used

to simulate vehicle flight for the configuration. The analysis
program optimized the launch wvehicle tilt profile and exo-
atmospheric portion of the flight. A parametric study of wing-
ed configurations was made prior to the study.

A base line launch vehicle is defined in this report. It is a

two stage tandem configuration series burn, winged vehicle with

a payload capability of 1,000,000 pound to the target orbit.
Vehicle gross liftoff weight is 18,367,853 pounds and the thrust
to weight at liftoff is 1.3. The booster is a heat sink non-
powered flyback stage that required thirteen LOX/C3H8 high. chamber

pressure engines for boost. Landing speed for both the booster

and second stage is 250 knots. The second stage is powered by

seven uprated shuttle type main engines and its wings were sized

to permit unpowered glide back to the launch site after one orbit.

Main propulsion systems for both stages were uprated in perform-

ance characteristics to that considered feasible for a 1995 time

frage. EDINO0621B is the thirty-ninth sizing and performance’

study. a



The following tables provide a summary of weights and sizing
data associated with EDINO0621B:
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INTRODUCTION

The envisioned scope of the Solar Powexr Satellite System
indicates that an operational power generating satellite will
weigh about 200,000,000 pounds. The synthesis of such a massive
satellite at geosynchronous altitude would regquire the delivery
of close to 500,000,000 pounds to low earth orbit. Since most
SPS scenarios call for the assembly of up to four operational
satellites per year, the number of earth launches is several
hundred per year, and launch vehicle payloads of one million
pounds are required.

The transportation system necessary for the implementation of
the SPS would require "heavy lift" launch vehicles (HHLV's) to
be dedicated, designed and developed specifically for the SPS
mission. 1In addition, the high launch rate required by the

SPS program in some measure dictates the desired characteristics
of a launch vehicle; for example, vehicle lifetime, the extent
of reusability and operational mode would have a direct bearing
on total program costs. This report is part of a parametric
study to define viable vehicle concepts to support SPS.

MISSION DATA

The mission performance requirements and data used for sizing and
performance are listed below and illustrated in figure 1.

Launch Site ~5.3 degrees latitude (due east launch).
Payload = One million pounds to 50 x 270 nm orbit.
Orbit Inclination = 5,3 degrees.

.149 degrees.

Injection Velocity 26148.6 ft./sec.

Injection Altitude 306787 ft.

Stage 1 Reentry Profile = Nonpowered glide to downrange
landing site.

I

Injection Gamma

il

I

Nonpowered glide to booster land-

Stage 2 Reentry Profile
ing site after one orbit.

CONFIGURATION CONSTRAINTS

Most of the vehicle configuration specifications and constraints
are a result of previous studies. The more influential constraints

are listed below:

1. Reusable non-manned booster and upper stage.
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. Payload density is 30 1lbs. per cu. ft.

Payload bay sized for platform and aerodynamic shroud.
Length to diameter ratio for stage 1 is 3.5,

Stage 2 has RSI for reentry protection.

LOX/LH2 stage 2 propulsion.

Stage 1 is a heat sink booster.

LOX/C3H8 stage 1 propulsion.

0 ~ v N b W
» -

9. Interstage is a stage 1l retractable component.
10. Integral load carrying tanks with common bulkhead.
11, X-15 type skids assumed for stages 1 and 2.

12. Wings sized for a landing speed of 250 knots.

13. Techneology level assumed for weight estimates corresponds
to shuttle less 25%.

SYSTEM PERFORMANCE GROUND RULES

During the sizing of the vehicle, it was necessary to set ground
rules pertaining to system performance, steering logic, flight
constraints, contingency, ei=. The more influential sizing
ground rules are listed below:

1. BSeries burn tandem launch configuration.
Design lift-off thrust to weight ratio is 1.3.
Maximum load factor is 4 g's.
. Patrick Air Force Base atmosphere is used.
Load factor is limited by engine throttling to 4 g's.
First stage design reserve is 20 percent of dry weight.

-~} v N o W

Second stage design reserve is 10 percent of dry weight.

ANALYSIS

In an effort to formulate a dedicated study to investigate
viable candidate launch vehicles for the SPS program, several
conceptual designs have been studied. The EDIN project under
t@e d%rection of Mr. Robert W, Abel, Engineering Analysis
Division, have completed the following analysis as part of
this effort.



STUDY

EDINO601+EDINO6L4
EDINOG601A+EDINOG6014A

EDINO607B-1

EDINQ613B-1

EDINO607B-2
EDIN0613B-2

EDINO613B-3

EDIN0O613P~-1

 EDIN0613P-2

EDINO0620

DESCRIPTION

Mass fraction analysis of two stage
ballistics and two stage winged powered

flyback.

Mass fraction analysis of two stage
ballistics and two stage winged powered
flyback with improved Delta V prediction.

Sizing and performance study of two .,
stage winged vehicle. First stage heat
sink LOX/LH2, airbreathing engines for
flyback. Second stage LOX/LH2 glide-
back reentry.

Sizing and performance study of two
stage winged vehicle. First stage heat
sink LOX/RP-1, airbreathing engines for
flyback. Second stage LOX/LH2 glide-
back reentry {(Baseline).

Same as EDIN0607B-1 with improved waight
estimating relationships and the addition
of design reserve contingency.

Same as EDINO613B~1 with improved weight
estimating relationships and the addition
of design reserve contingency.

Same as EDIN0613B-2 with improved WER's
and propulsion data.

Sizing and performance study of two
stage winged vehicle. First stage heat
sink LOX/C,Hg, airbreathing engines for
flyback. gecond stage, LOX/LHZ glide-
back reentry.

Same as EDINO0613P-1 with improved WER's.

8izing and performance study of two staged
winged vehicle. First stage heat sink
LOX/CBHB, glideback. Second stage, LOX/LH2
glideback reentry. Nested tanks (belly to
belly}) configuration.



STUDY DESCRIPTION

EDINO62] Same as EDIN0620 with updated WER's to
reflect a configuration change to a tan-
dem launch.

EDINQO621A Same as EDIN0621 with updated WER's.

EDIN0621B RESULTS

The following sections provide a summary of results from the
sizing and performance study designated EDIN0621B. Detailed
specifications and results including computer listings of the
procedures and programs used for the sizing and performance
analysis are available in reference 1.

Stage 1 Weight Statement

AERQODYNAMIC SURFACES . 16431,
WING 63397,
HEAT SINK PENALTY (WING) q.
e e MERTICAL T A L b e H190,
HORIZGNTAL STASILIZER 1906,
HEAT SINK PENALTY (STABR) 1934,
BODY STRUCTURE i cT8562.
INTEGRAL LOX TANK o SU3S8 5. . . o
HEAT SINK PENALTY (LOX) Ua
INTEGRAL FUEL TANK 411785,
HEAT SINK PENALTY (FL)} 0.
THRUST STRUCTIURE R e e BB20 8 . _
INTERSTAGE STRUCTURE yléeho.
AFT SKIRT 22541,
NOSE STRUCTURE 14439,
SECOMOARY _STRUCTURE e o e e - 4317, o
INDUCED EMNVIROWMONTAL PROTECTION 3714,
INSULATION 3714,
MISCELLANEQUS e
_— LAUNCH AND..RECOMERY SYSTEM_ . .. . . . ... .. . Y1607
LAUNCH GEAR IBZ27.
LANDING GEAR 3I778L.
PROPULSION JZ0508.,
e MATIN ENGINMNES. o - - _2inrl8e.. ... ... .
PROPELLANT FEED SYSTEM 19516,
MAIN ENGINE MUUNTS 266?.
PRESSURIZATION SYSTEM les6s.
HEAL..SHIELD —. - e - .  9&65. L
OGRIENTATION, CONTR0LS & SEPARATION 5171%9.
MAIN ENGIMNE GIMBAL SYSTCH 63345v.
ACS i74l17.,
ACS. TANKACE . - . L1992
AERQODYNAMIC CONTROLS 558&.
SEPARATION SYSTEM 1552.
AVIONWICS 493,
- ELECTRICAL POAER_SYSTEM . 2855,
HYDRAULIC & PNEUHATIC SYSTEM 49%6,
ORIGINAL PAGE IS 7

OF POOR QUALITY
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Stage 2 Weight Statement
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" STAGE LIFTOFF WEIGHT MINUS PAYLOAC 4559550,
~ STAGE LIFTOFF WEIGHT W1TH PAYLOAD T 5611511,
" MASS FAACTION (BASED ON INERT WEIGHT 664
TTTUEIGHT AT INJECTION (INCL PAYLOAD) 1063289,
" "ENTRY WEIGHT (ATMOSPHERIC IWTERFACE) 593753,
TUUUSTAGE UANDING WEIgRT e 552938,
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" WEIGHT PERCENTAGES - BASED ON LIFTOFF WEIGHT : (%)

B e R e R s T o L L U U UUR - O ——

AERQDYNAMIC SURFACES » 95 LY
— BODY-—STRUCTURE e e e 4630329
ENVIRONMENTAL PROTECTION 1.3063
LAUNCH AND RECOVERY +4255
PROPULSION 2.6411
e QRIENIATIONZCOMTROLS /SEBERATICN .. __.. .. . 468bL5.
AVIQNICS 1076
ELECTRICAL POWER SYSTEM eu?
HYDRAULIC E PWEUMATIC SYSTEM LO740
e DRY W E TOH e e s - 10.5760
DESEGN RESERVE 1.C576
EMPTY WEIGHT 1146336
MAIN PPTOELLANTS dbe3b08
crimm e LRABP Vs FRQRPELLANTS S «5.744 .
RESE" .£ "ROPELLANTS 1.0363
IHEL 16HT LOSSES v2345
AUXILIARY PROPELLANTS +1oH2
wEIGHT PEkCtNTAGES - BASED on ENHPTY LEIGHT : (%)
____AEEQDJNAALC_SuREkCE& S .. Ba23el
BODY STRUCTUR 37.3308
LNVIRONNENTAL PROTtCTIPN l1.2254
LAUNCH AND RECOVERY 3.6578
— -—~—PROBULSION.- 22,7020
ORIENTATION/CONTROLS/SEPCRATIUN 56348
AVIONICS . $RP241
ELECTARICAL POJER SYSTEM «5558
HYDRAULIC & PHEUMATIC SYSTEM B304
DR WE LG HRT e . . 9C.7u91
DESIGHN RESERVE 9.0909
EMPTY WEIGHT 150.0000
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Stage 1 Geometric Characteristics
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Center of Gravity Data

Upper Stage Dry C.G.:

droodoaoduoodosodooadoonacos
Rl Io et e T la e e T Ta e L P E T R Lo I = L o [ P T
2 s p 4 % 8 6 8 4 8 % s 4 @t e & 8 g s w8 g d e w8
o + 1 ”
o ! ! !
i 1 i
‘ : 1 :
i ] H
LR R R R R R R R R A RN I R TR VI IR TR IR LRSI I
COEULORUSUOUEEOD AR DDWLE.SNS
CLLULULLUULUULULLL OLOUJUO LU OLUY
X

|
i ! ; i |

! , ' i | i i
UbCUﬂUDGuuGG&UDDmDUU&DUULDLu

gJoocodtocduuooooodooogrnoocacd |

d aeadoosueanbassosdeoevionsetbsas
t ' :
M | | ! !
; _ ! | |

. B m 1
. . H ; ;
IR IR NI R I I I s R R A IR I NI R I NI NI I
VOE VW BEOEHOVB B OO EYEOGA BEEEOD
Juvouoocuduovuduos nuuudound oo
34 3 3= 3 34 3= 3m = 373 3= 5 B3 B 3= B e 3 3 3 3 B e 3 e e D

: ! m 1
; i M { i
&SBD&BuﬁﬁébqL636964319399A78

WAt~ =1 4D D D IF T DG DFHUIOIM DO U e
ubonhlnnhnooh.ucnh'.lpocnm -
A At | 0209 9090w O @0 m -
J?u.Sl&SZ FAO DM P DD ) PO T I MM G
.

— A ; 141 s g ml —_—dt -

;:::h:::h:::&:::_:::L:::::::A

@GGGGGGGGGGG wOVLEOOUHUOWLE OOy

nvudououduuodovuduuodunod-ou -
24 500 2 2 M I IEIC I Y PR XXXJXXX&KXX,

i
T oM NE} T N S MM SO ST 911&105.

ﬁ.‘. “.-".F.‘."I-F'...ll..

G 8%949 DO T O M o ) e o 30N
F =D ROD [NOEC] OGO O I D

Hoaorudezo onrdoonod-—od xo omirie
ﬁ_ b-g = atiagt o 3N s ] IO O o~ P Oy =t = ) S O NY 20 e )
] 1) Ot L o LV [ =TT 1)
i o
, e
dpurteseadssrtantg st v arsCnenn g st it okt et
Ll i A e Lt L S Lt e Lt o o B o o
Frzxizazxdz ez daz iz d ez die rz
]
i
o il I 1T — w1 = b-dodm} fus}
UMD X v TO>Ho —Q Oud -0

ZoouloentunD U oW < <N 0L 2, 20 0
MO X 2 Z IO 2 Zeitrul—O oW o o> >
A>Tt zoivi— Jujuin o Tuiaasdvga Tio<e
ﬁBBBBBBBRBBBRBBBRBBBnBBBBEEb

o
M : W ”

PAFI TS I N NN R IR r g R e ra g R AN

Upper Stage Wet C.G.:

coogacm
=l re =

IRTEIRIR IR
[Llb i ML)
JEISISISIS I F
[T I B LI S e

%BuGUDU
Hol=lStaleln

r & % v 4 8 e

TEIRIRIILEL
WO OW
vouduo
== P =

wwnmg oo
—— 0
l.lh..
510&87
614u36
— —4

(IR A ER]]
[l gioil RL LA
Lo 00
BN M

y OO0 Rt~ P~
P S B ) _ L
1O~ 00
TNt O
QOO
IO =00
A~ - -l
= u -0
[ ] ['1]

TRt
=t i
xxxizx

wvigl em
LA
wxt D
b b= 2 L) <L
Sl ) ow
OAammoE

Stage 1 Dry C,G,:

ooCcoOCcCocodoCccac
DO 0SSN
& & 8 8 4 » 8 2 4 5 & a oA
o
u

Than s er et bt vepndg i
o T L I R R TO T Tho o Bis R 5 TU.
Jouuduoolduoowuo o
LT AVERCLIN ENTNT ot Rat RN TR B RN

A

4 20393 2313000 359
ﬂuu.nunonucnwannuon“uﬂu

-.00L0-.r'oor'

i
;
]
i r :

TR R TI RIERI I RY
L TG G T L YL P L T TL T T T U
Doosdoondoeueu su
3= 3w 3= B Ve e 3m B D e e e -

' !
L674.950M6b499
Gem D 0 r)r TS T

u.oo-m--_c-oe-
o Q} NN =} O P~ PN W e P Y
515510?3299155

_«aravanbtaa¢u49w7h7_zJ7vzg

— H

i !
L:::f:::_:::;:
OO O OB G OO
dovoudoonodooody
3C2C 20D I P ICICIILN
m |
O@~N D~ N O
P L. P & s ® b
00 3o rngjome=rlo
WO T P~ OM et 1 L3 D
LY et € M3 O F i e D e HAD
N T T ey
u.:...glﬂ Bn-:_.l
1 ™~

i }
R RIEIAL
e e

-5

i

H16Y
2
Y
3

2

L]
W
W
o
[
n
w
-
]

N%
W
W
Wl
T=

NI 63387.3 X

T IR
(LR ot N e BT T T 1T
20l D eV oW
Oz s Tounie 22
VI U B b 2T LI
ol wf o o o ol wf o T L T

_ m
M !

13



i
i _
oocoOCodOotcd ow
T3 2320000d oM

4 & & & » 8 4 4 8w B 4. 8

TR IR IR XIS I NI IET,
(LILIG L I PO PG TG TR TD 14 L. 1)
LS IR IS IS SIS TN SN B RS
[ T PR AR N TN P

oo nadrousas
cLoocoDdoaoa oo

& & & &5 &8s b 8 & o

t
'

:
RN IR I N R I TR I I I3
vodCcOLLOBOLE LYY
voedouuduouudoo

H 1

+

m m
Cwdownws o ——
N o O T PETR I, TP
l.Lll-ﬁllo&..
IV GO s I O = Py
ricdriMipiasi e Tiam

| w “
wiusa i nn
(1L TL PRI TG TG TR T LT T R TL)
vodeoudouoodaw
3CIC 3¢ FL IE I I I ICIC M 2o

! |

i
N  E T L e
- 8 LI “ s 8 4 w o
wozlor~—deaumrdo =
1666193595327
LN G I M~ U D 00 O et
RGN0 LMoo
i - r_ulﬁ (YT
Feige

it __.._._&“__.ﬁﬂ_.__..
hep i e b e e e e
TxIzxxdxzxdxz

t
; i L -
. 4
w v zZe w

o>»>Hm ~3 ouw<dro
WA« cand oL Zin
WLl OISO Gy
wo Dna<dian Lo

ol AAAAAAA <0

t

A

Stage 1 Wet C.G.:

coQooN
[ 1o Jew fit R b Rl |

"+t v & o a

IRIRTRINTRY]
o F Rio BLs LA X1}
LUV LQ

NI A I

| 1on 20 Jiw Fab i R¥0 |
Ccocaoc

e 4 a s

TRIRIRIKIRE
ML D
SIS ISININTS
3= B Dm D= e

WG BC T

TFOFNA

- - v ﬁ " a

0 = B -

R TH .

N LT
i

TEIRIRIRERY
[CIG T TRT G0
LULLLY
FEIE K B

!

i
Qo NG O
- @ F a 8
N~ Q0o o0
DNV T
OO DN
iz | 1o
~De0 v
iy t—
o ™~

-—
IRILIRININY]
= b e
2T EETX

VIOL (W

oo
AT < W
fom e 3 1) L
Ou. <t LD ul
uAAA4AH
1

i M

18

OF POUR QUALITY

ORIGINAL PAGH

C.G. Summary:

2-CG

Y-Cu

- — s i A T A o M e S ply S ke -

23237233 3
QODoouc
s @ 4 & 3

e at [T ala N Ll Bt
(a]lsliVwleld]
L]

oo
o |
P
oL <L
oo
e
PSPyt
rulorul Zwo
C2OZXJa
T 11 Ham

(s s do3s PUIT)
cindidu)

Lol ol ol et ol o
VIV
Doog

cocgduy
ooaEuO

— MY
o s Lin |

4 & w

)

=00

[ 1S B

LI Oy T

Lo
(
D

|owu

CH
IN
HT

N
G
G

LAl
STA
WET

THRUST MECTOR _ANGLE

THRUST VECTOR ANGtE

THRUST VECTOR AHNG

14



Performance Summary

EVEMT 1

ATART BLURM WEIGHT 183207253,
EMD ELURM WEIGHT SHTILaY.
TOTAL THRUE 233V3144,
BURM TIME 147,88
PROPELLAMT BURMED {ina2833,
STHEED WEIGHT 1 163852,
PARYLOARD aalisle.
ALTITUDE L3vaen,
RELATINE GAMMAs DEG 14, 234
RELATIWE YELOZITY FRET=1 PR
MASE FRACTION FLEE
MAKIMUM DYMAMIC PREZIURE 43,2

TIME OF MAX 2 2.7

MAKIMOM ACCELERATION 4. 00

EVEMT 1 - LIFTOFF TO 2TRIRIMA
EVEMT & ~ EZTASIMS 70 IMJECTIOM
/2

Stage 1 Ballistic Reentry Data

MAXIMIM HEAT RATEs BTU< 3R FTAEEC
TIME OF MA¥ HERT RATE

MAHIMUM DYMAMIC PREZZURE
TIME MAE B

FRAMEEs MM

TOTARL HEAT» ETU«ESR FT

EVENT 2

—— T —— - o D W b} S W e . S S sk i S PP

Sat15iE.
IS-Yari--CW
a0 SdE,
S0, R
IWAFSL1E,
BEEOFA,
1131213,
IN74a0.
. 159

24E 05, =
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12. 43

297 1
474,32
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Propulsion Data ORKHNAIIPAGEIS
OF POOR QUALITY

STAGE 1| EMGIMES

SER LEWYEL THRURT 1328730,
YARCUUM THRUST SNSERE.
TER LEWEL IEP 01,9
YRCULM IEP IF.9
EMGIME EXIT ARRERs EZ FT 1031
FLOWRATEs, LEB-/ZEC S0EE, ¥
EXIT ARER RATIO 40, 0
MIKTURE RATIO &7
ETRGE 2 EMSIMER
ZEA LEYEL THRLUZT FIvrood,
WECLILIM THRUST Sr1054,
TER LEYEL =P 16,10
YACLIM TSP g5, 0
EMZIME EXIT AREAs =8 FT 152.7
FLOWRATEs LE~SEC 1269, &
E#IT AREA RATIO o,
MIXTIURE RATIO Sl



Cost Statement
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Atmospheric Flight Attitude
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Altitude/Velocity Profile
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Reentry Heating Data - Stage 1
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Simulation Convergence Data
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