Starcraft Boosters, Inc.

The StarBooster System
A Cargo Aircraft for Space

October 27, 1999

Starcraft Boosters, Inc.
3106 Beauchamp St.
Houston, TX 774809
{713) 861-1960



STARBOOSTER

Part 1 — Table of Contents

PART 1 ~ TABLE OF CORTENTS......ccoiiiin et sssnas crssssnsbbsssbbbbrbrnrenrn 1-1
PART 2 - EXECUTIVE SUMMARY .....covimiiririinirsssimnssnn s sssniness ten b e 2-1

THE STARBOOETER  WIBIOM oot oo e e a2
THE STARBOOSTER  AIRCRAF T e e e eeae e e e 2
SHarBOnEIEr 200 e e o
StarBoosfer 250 ... SR UUUU TR 2% |
StarBooster  Growth Gprmns OO POTRRRRUR”. " |

PART 3 = INTRODUCTION ..o mrirninininiis e sssareerssssss sasans sssanes . . 3-1

THE ST AR B TER B PRt et ee— et eeee e B
THE STARBCOSTER FAMILY... e B
STARBOOSTER VEHICLE GOHFIGURATIGN AND SYSTEM F’ERFDRMANCE .................................... 33
StarBooster 200 ... OOV TPR PR OUPPRR, -
StarBooster 350, .. PO RO OO RTNPPPPRRRRRRPRRR Y,
StarBanster Gromh Opf:ons U ..

PART 4 - REGULATORY ENVIRONMENT......... . P Y |

INTRODLUCTION AMD SUMMARY ... SO TRRRPRRTRR T |
REGULATION OF COMMERCIAL LAUNGH "u"EH]CLES s Y
BACKGROUND ON THE FAAN'S COMMERCIAL LhUNCH LICENS!NG H]STORY AND PRDGESS ............ 4-3
GROWTH AND CURRENT STATUS OF LALMNCH IS TRY e eemmmmemseeeesss e Al
CURRENT REVISIONS TO LICENSING REGULATIONS .. s ceeeeeees s sseeeree et r i iiiiiaeess &5
sl LICENSE .. . U UTUUPRPRRRRRR. S J
PROFPOSED REQUIHEMENTS FDR RLU M;ssacn LICENSE BT R RRURPRR for

PART 5 - THE STARBOOSTER FAMILY ..cociniiens . .- . . 51

THE STARBUDOETER 00 SYETEM cei ittt ettt eee et aaes s oeeaete s ettt reaae e sneaa ssssssseae e 52
StarBoostar 200 Vehicle COnfIGURBION. .....covo e et e s aneet et 52
StarBoosier 200 APPHCANONE ... e e e e e e er et 5-3
StarBooster 200 QIREE ADDNCEIOIIS «...ooeeies e seeeees it e eereees it saaat s e vanaesensrassenns 55
StarBooster 200 as a Liguid Fiybacic Boosier Demansiiator . oeeeeceeeees s ee e &5-5
StarBooster 200 Summary.... U UPOOPPORRRRUUUTRY . . |

STARBOGSTER 350 SYSTEM ... w— T PUPRTOUR . o
StarBoosler 350 Vehicle Conﬁgurarmn OO TUTPRY . B 4
StArBo0ster 350 APDIGEHORS ... oo eeeee e et e aeaa——————— nrr e et e 2 e e e e e ernereees 57
SISIBOOSIBr 350 SUNMIAIY ..ooviiiiiiiiiiii ittt vt st d st st 5-18

CTHER OPTIONS FOR THE STARBOGSTERRPM .ot evveeeet o eaeeee s annenae s 510

STARCORE T ... i s st sss sttt nne e renrer s enennr e e e wr =10
SIAFCGIE Hevvniiiiis i e s e b d e b 2 St ee et e e e s reare et e e e 511

STARBIRD L. ..oi ittt et s st et v et e st asae e ran seeaes b et eaeeas s set s eaean e et st et s te et emeemeeme E-11

PROSPECTIVE SCENARIOS FOR DEPLOYMENT ......ooveesiee e eseess sseesersssessssens eeeeeeeoeeoneonns, B2
T o L I T o=t el o T 512

Starcraft Baoster. Inc. Competition Sensitive . -1




STARBOOSTER

usirative Scenario Phase ;‘!

Husirative Scenarioc Fhase ).,
VEHICLE FAMILY SUMMARY __

PART 6 - STARBOOSTER VEHICLE GVERVIEW ...

THE STARBOOSTER JEH{CLEGDNCEPT

THE STARBOCSTER AIRPLANE ... .
StarBooster 200 Vehicle Conil’:gumhﬂn
StarBuaster 350 Vehicte Configuration. ...

THE STARBOOSTER PROPULSION MOBULE oo

Attas il Expendable { aunch Vehicle .
Zemt Expendable Launch Vehicle..

AERODYNAMIC CONFIGURATION AND FLIGHT ccumm._______.._____...............'..'..'.'.j'.'.'.'.'.'.ZZ'_'_'_'_'_'_'_'_'_'_'_'_'_'._
SlarBooster 200 Wng Design ... e e e e e et

StarBooster 350 Wing Design ...
AIR-BREATHING PROPULSHON .. .
STARBIRD I WEHICLE CONFIGL anems

STARBODSTER SUBSYSTEMS .............__.________....__.______.............j'.Z.ZZIIZII.'Z.'.'fffffffffffffff.".ﬁﬁﬁﬁﬁﬁﬁﬁ'.ﬁ'..

Systemn interdependence

INERT MASS ESTIMATES AND COMPARISIMNS . oe it eeies st e e ettt aaasaane
ETARBOOETER B0 PERFORMANUTE (..o oo vae e

Single StarBooster 200 with Athena i

Dual StarBoostor 200 with AWRBIRGE H.ooocoooi oo ettt eeeee e
Dual StarBoostar 200's With BEAICONE 1 e et eeet o e e veeaet e s et

Dueal StarBoosfer 200 with SarBid b e eieeeeeeeeeeee e

STARBOOSTER 200 FUBHT PROFILE - .........cocmvvvvsssissssossssosessoeeosseeoor - eoooeseoooseess oo

STARBOOSTER 350 PERFORMANCE

StarBooster 350 Performance Estimates, Methodology and DIsClaimer.........oovevveeeee .

StarBooster 350 with Zenit 3 Second and Third S18ges ...cvvvvcciveeeeeeeen
StarBooster 350 With Ikar __........coveie i e

StarBoostor 350 with StarCore Ui,

StarBonster 350 for Space Taunsm

StarBooster 350 with the VentureStar SS TD
StarBooster 350 with the Space Shuttle ...
StarBooster 350 with 2 new Space Shuﬂfe Dm.rrar

StarBooster 350 with & new Heavy Lift Launch wmcre......:'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.:I'_ﬁ'_'.'.'.'.ﬁ'.Zf:"""""""

StarBooster 350 Parformance Synopsis
PARY 7 - CONCLUSIONS .........
PART 8 - RECOMMENDATIONS ........cocmmrresssssssssiniin

Phase H Effort (continuation of this work} - Novamber, 1959 throtigh Jenuary, 2000..........

Phase it Effort - Mission Appfication Studies Jan. 2000- Dac. 2000 ...

P TR E RO TH P AT i et e s eats st emiaa e ettt e e eaeammeeeenasaesseertmnemens

Siarcraft Booster. Ine. Competition Sensitive

++++++++++++++++



STARBOOSTER

StarBooster™ and all variations of the StarBooster™ name {8q.
StarBoostar 2007+ ara trademarks of Starcraft Booster, Inc.

|_ Starcraft Booster, Inc. Competition Sensitive

1-3



STARBOOSTER

Part 2 - Executive Summary

“Ihe journey of a housand miles begins with a
single stap.”
-Chinese adage

The StarBooster Vision

On the path to opening up space to further
expioration, travel, and widespread commercial
development, Starcraft Boosters, Inc. has been
committed, since ils incorporation in 1986, to
provide the most practical single step to begin
the journey. Woe believe that the three most
pressing goals that must be realized are an
increase in refiability, a practical growth path to
future mission requirements and a drastic
reduction in space launch cosis.

Starcraft Boosters, Ing. has a  unigue,
proprietary concept that will achieve these
goais. it is to transform an existing expendabie
space faunch wvehicle (ELV) first stage into a
reusable first stage by housing it in a new,
aluminumn aircraft called SfarBoosler. Through
use, inspection, maintenance and reuse, an
existing stage can be evolved to provide an
increase in reliability. Reusing this normally
expended first stage reduces costs by allowing
the preservation of more than 70% of the
launch wvehicle's dry mass. Single or dual
StarBooster, when combined with different
sets of existing and derived upper stages, can
address a wide range of missions.

By indtially focusing on creating a reusable
booster, Starcraft is not developing a concept
limited merely to a small range of missions and
potential payloads. StarBooster is envisioned
as heing used to augment a variety of cumrent
launch vehicles and upper stages by multiplying
their present pavicad capabilities compared to
that when they are ground-launched,

This report presents an overview of the work
completed since the company's inception. The
majority of effort has been focused oh one
StarBooster  configuration, the StarBooster

200, This vehicle employs an Alas /i

derived rocket propudsion module and a set of
upper stages calied SiarCoras o place
medium and intermediate payloads in their
desired orbits. In addition, concepts are
presented with the SfarCore line of upper
stages and with the StarBird and Space
Shute Orbiter manned vehicles. This
evoiutionary architecture is an example of
how SiarBoosfers can be grown and
evolved inte a2 complete space transporiation
systemn. Fulure applications as a Liguid
Ffyback  Booster (L FBB) fechinology
demonsirator for the Space Shuifle, for
fnternational  Space  Siation  supply and
sefvicing, for fulure space tourism, and heavy
iift for ambitious exploration missions are
enabled by the flexibility of the SlarBoosier

family of vehicles. Howewver, the journey
hegins with a single step, which is the role of
the StarBooster aircraft,

The StarBoostar Aircra®t

Figure 2-1. The StarBoosfer Alrcraft,

A versatile vehicle, the SfarBoosier aircrafl
is designed for several modes of operation:

» Vertical rocket-powered launch and
ascent.

Starcraft Booster, Inc. Competifion Sensitive 2.1
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+ Separation from payioads at velocities up
to Mach 6.

« Glding bhypersonic to supersonic to
subsanic flight on a return trajectory toward
the launch site.

= Turbofan-powered subsonic cruise for
approach and runway langing.

A key feature of the SfarBooster  system is the
clean separation of maintenance activities for
the rocket-powered ascent propulsion system
and the aircrafi system used for the return and
recovery of the booster. This separation allows
the StarBooster rocket reusability
development program o be separated from the
afreraft and its integrationfreuse issues. By
utilizing proven booster and upper stages,
development risk, costs and time fo market can
be minimized.  Furthermore, we anticipate
significant system operational tmprovements
over existing expendable vehicles. Through the
use of liguid propellant boosters, which permit

parallel maintenance and interchangeability of
the aircraft and rocket stage, launch delays and
flight-to-flight turn-around time can be reduced.

Reductions in development cost and time, when
coupled with a wealth of gperational experience
gained from repeated re-flight of the initial
system, should accelerate the introduction of
growth oplions, such as owr concept for the
StarBooster 750, presently envisioned as a
candidate for NASA's L FBB.

Presently, two versions of the SfarBooster
agircraft are being concurrently dssigned as
Starcraft Boosters, inc.'s first reusable booster
systems.  They are seen as the first step in
development, maximizing the wuse of
Commercial Off-the-Shelf (COTS) technology.
The StarBooster 200  vehicle uses the RD-180
powered first stage of the Affas M. s
performance is presented in detail in Part 6 of
this report. The SfsrBoosfor 350  employs the
RD-170, the "big brother” of the RD-180. Both
of these engines are supported by Pratt &
Whitney.

To date, the StarBeoster 200 vehicle concept
has benefited from mare detailed analysis work,

which is primarily presented in this report.
Although the SfarBooster 350 configuration is
promising, additional systems leve! analyses
are required. This activity is praposed for the
next confract period.

StarBooster 200

The StarBeoostsr 260 vehicle concept was
born when Lockheed Martin and Prait and
Whitney decided to collaborate on integrating
the Russian-designed RD-180 rocket engine
into the Atfas M formally Alfas HAR) launch
vehicle. Starcraft had earlier developed the
StarBooster 3580  aircraft to accommadate
the first slage of the Zonif launch vehicle.
However, with the increasing number of ITAR
resirictions  imposed by the US State
Department, an indigenous bhooster supplier
was sought. It was fortuitous that the Aflas I}
stage became available at roughly the same
time.

Starcraft Boosters, Inc. has developed a
family of vehicles based on the SiarBoosfer
200 first stage to serve the commercial
markef. The smallest member of this family
combines a SlarBoosfer 200 with an
existing Athena H ELV to place 13,200 Ib.
(6,000 kg) into an easterly LEQ orbit. Adding
a second SlarBoosfer 200 to the system
increases the LEOQ payload capability by 77%
to 23,400 b, (10,600 kg). Using a solid kick
motor, this same configuration can place four
metric tons {8,820 Ibm) into a
Geosynchronous Transfer Orbit (GTO!,

To address fulure intermediate and heavy lift
lavnch needs, in particular the anticipated
growth in demand for placing large (5.0 meatric
tons / 11,000 (b, and up) communication
satelites in GTO, Starcraft Boosters has
developed a unigue combination of existing
stages. StarCore | combines the first two
stages of the Afhenz I vehicle with an
existing single engine Centaur in order to
deliver 6.4 melric tons {14,000 b.) to GTO.
An alternate mission for the dual StarBoosier
200 | SterCore ! sysiem may be fuiure re-
supply andfor reboost of the internafional
Space Station {15S).

Starcrafl Booster, inc. Competition Sensitive 2.2
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Figure 2-2. StarBooster Family Configuratlons.
From left to right: StarBooster 200 | Athena if; Dual StarBooster 200 [ Athena lf;
StarBooster 200 | StarCore ! ; StarBooster 200 | StarCore It .

StarBooster 350

The StarBooster 350 wehicle is approxirmately
28% larger than the SfarBoosfer 200 and
pravides an alternate path for StarBoosfor
development. Tins booster employs a
Ukrainian Zenif first stage, which will be
provided by Boeing. The Zeni! first stage is
powered by the world's most powerful liguid
propellant rocket engine, the RO-170.

The family of existing or proposed upper stages
for StarBooster 350 is different. Although less
detalled analyses have been perfformed, the
LEC and GTO capabilities are impressiva.

SlarBooster 3500 can also augment several
current launch vehicles. For example, the
StarBooster 380 might tripie the Pioneer
Pathfinder's payload to LEQ. With nearly 2.5
times the tolal impulse of the Ariane Vs solid
rocket boosters, the StarBooster 350  could

replace these boosters and significantly
increase this vehicle's pavipad.  Likewise,
StarBoosier 350 can double the payload
capability of the Japaneae H-2 launch vehicle,

One inferesting application of the StarBoosfer
35¢ is to iake adwaniage of the “peace
dividend” and fiy with surplus ICBM's as the
“payload”. Performance for the American
Titan i, Ukrainian Tsykfon, Russian Rokot,
and Russilan lkar have baen analyzed and are
significantly improved.

Anciher potential application is to replace the
Space Shuitle's solid rocket motors with dual
SlarBoosler 350's, andfor b use

StarBooster to develop the technology for a
larger LFBB to meet RSEEB replacement
reguirements. A Shuttle using dual
StarBoosfer 350's could deliver 25,000 b of
payload to the Inlemalional Space Sialion

Starcraft Booster, Inc. Competition Sensitive 2.3
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{155). Although not useful for several of the
158 assembly missions, this lower ST pavioad
capability would be useful for re-supply, crew
rotation, angd station re-boost missions. After an
extensive “relisbility by learning from reuse”
carge flight program, StarBoosier 350 would
provide improvemenis in flight safsty and
ground processing timelines, and would meet or
exceed the payload capahility of the propesed
Lockheed Martin VentureStar while transporting
crew members in the current Orbiter cabin.

StarBooster Growth Options

The current and fuolure applications ang
derivatives of StarBooster are quite broad. In
the near term, one or two StarBooster 200's
cauld serve as liguid strap-on boosters for the
Atlas V or Della 1V launch vehicles, replacing
the solid rocket motors and additional "core
siages” currently proposed, while increasing
vehicle performance and reliability.

Starcraft Boosters has begun conceptualizing
future StarBooster applications based on our
approach of incremental development steps
utiizing proven technologies and components.
We believe that our concept of employing
axisting rocket stages as complete propulsion
modwles provides a low risk starting point for
proceeding down 2 path for developing a family
of reusable vehicles.

in the fulwre, StarBird mannaed vehicles may
pave the way for space lourism, and new
reusable StarCors  stages may enable a fully
reusable launch system.

The most important aspect in a development
process is o chari a course and begin the
journey. We belteve that developing a versatile
low-cost arplane and utilizing existing, proven
expendable booster stages will most efficiently
yield a commercially viable space launch
system. Furthermore, the StarBooster vehicle
will build an industry knowledge basze that can
be used to expand our communal
understanding of the design and operation of
fulure, new technology roausable space
systems.

Starcraft Booster, Inc. Competition Sensitive
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Part 3 — Introduction

Starcraft Boosters has developed a different
approach for towering the cost of access to
space. We propose developing a new aircraft
that will housa an awisting expendable rocket
stage. This vehicle, termed StarBooster, will
be the first sfage of a family of launch
vehicles, By combining thess elements, we
believe we can reduce the cost and nisk of
fislding a new parbally rewsable launch
system,

This report summarizes the work performed
on the SfarBooster concept since the
company's [neeplion n 1996 Detailed
analyses are on-going and future rapors will
focus on the maturghon of the vehicle and
system design.

The StarBooster Approach

Starcraft Boosters, Inc. has closely watched
the market developments of the last five vears
to chart the company's future course. The
StarBooster concept is the rasull of careful
consideration  of industry itrends and
requirements.

We have observed that the oxpendable
launch wehicle has been evolved and matured
to the point of diminishing returnz, I an
aperator is o achieve guantum improvements
tn cost and reliability then reusability must be
infroduced inte the systemn. Furthermors, the
commercial pathfinders for fully reusable
launch systems, padicularly Lockheed Martin
with their VenfureStar SSTO and Kistier
Aerogpace with their K- TSTO, have met
with significant technical and financial
challenges. As a resull, Starcraft Boosters
has chosen a “middle of the road” appraach
whareby the company will focus upon a
reusable booster, utilizing existing
expendahle stages to place the spacecraft
payloads into their final dastination ombits.

Starcraft Boosters believes that if His lo be a
commercial success then it must strive for
reusability whila maximizing simplicity and
minimizing time to market. To achieve these
ands, the StarBooster vehicle wil pfliire
axisting Hguld booster =sfages hecased
Inside a new aircraft to provide for
recovery an a conventional runway. We
believe this approach will provide significant
system cost and reliability improvements
while enabling a low risk, low cost
development / integration pragram.

Based on this philosophy as well as our
understanding of the current launch market,
future trends and requirements, Starcraft
Boosters has developed the following set of
dasign criteria for ifs new launch system.

1. A new, fully reusable booster is the first
fttam 1o be developad. I will be mated to
exisfing, proven, expendable upper stages
in order to deliver payloads to orbit, Fuly
reusable second stages {i.e. Orbifers) will
follow, but these will wait uniil the
aconomic  feasibility of the reusable
booster is proven by fraquent usage with
existing upper stages.

2. The reusable boosters main propulsion
systam will employ a proven expendable
hooster stage.  This will enhance reliability
and assure tapid markst acceptance.
Frior successful flight experiance as an
expendable booster will be an imporant
advantagsa for our first reusahle hoostar.

3. The booster should be large enough fo
compete effeclively with ofher launch
vehicle systems, but no larger or more
expensive than is necessary (o meel
commercial needs.

4, The fus! for this booster should be
kerosene to assure flight safety bevond

! Starcraft Booster. Inc. Competition Sensitive : -1
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that possible with a vehicle fusled with
volatilea hydrogen. Due o its small
molacule size, hydrogen tends io leak,
and a repsable booster must routinely and
repeatadly  experiance the  dyhamic
envirenment of reantry through the Earth's
atmosphere.

. The maans of retum for recse should he a

subsonic aircraft, which lands on &
conventional runway on whaeled landing
gear, {ther, higher stress, recovery
schemes may lpad o s&rious concerns
over the retiability of the recovered vehicle
for safe re-flight.

The rocket stage should be readily
ramovable from the aircraft to permit
parallel ang indapendent maintenance of
these twe different elements.  This
principla bagan o be amployed fifty years
ago by early jat aircrafl, with a removable
tail section, which permitted a  thirty-
minute to one-hour engine change. Al
that tme, this was necessary due fo the
shart life of then-avalable jet engines.
With the rocket propulsion systems of
today, it is neaded for precisely the sama
reasen. Once one hundred or more re-
flights without off-vehicle maintenance has
been achieved for rocket stages, integral
propellant  tankffuselage arrangemants
may become preferable to reduce inert
mass.  Untl then, we believe that the
Removable Prepuision Madule (RPMI™ is
eszential io achieve acceptables tum-
around fer re-flight.

Effcris should be made to incorporate
exsting commercial rocke! elemeants both
in the reusable booster and in the upper
stages. This approach will serve (o
minimize develnpment COStS.
Amortization of these costs is a lamge
determinant of the price that must be
charged for launch services, and hence
lowering these costs can be a major
bengfit to success in the markelplace.

. Tha booster vehicle should not require a
flight erew for conmarcial space missions

in order o conserve inert weight, cost,
and to avold unnecessary risk of human
lfe. # may, however, be capable of
accepting a flight dack for eady flight test,
for use as an “X-Plane” carrier, for ferry
flights and for other uses that may requive
the presence of a human crew.

The best stateofthe art for remotely
plloted vehicles should be utihzed for
autonomous or nearly so flight cperations,
The best haalth maintenance and in-flight
diagnostics  systems  should alse  be
employed to reduce turn-around fime and
to enhance refiability and fiight safety,

The StarBooster 200 and StarBooster 350
systems o be gdescribed in this report are
based upon these requirements, and are the
first members of the StarBoaster family. They
represent the first step on the path to attaining
access to space more reliably and at lower
cost, SltarBoosfer 200 and its features have
been subimitled to the U.S. Patent Office for
international protection,

The StarBooster Family

The StarSooster family of vehicles is currenty
comprised of five interrelated elements:

StarBooster 260 and StarBooster 359
Rausable booster vehicles based on
existing angines and ELY booster stages.

Existing ELV Stages: These are used o
fransport payloads from the StarBoostar
staging point {up to Mach 6.0, ~250,000 f)
ta the desired arbit.

Star{ore i; An innovative combination of
existing stages proposed to address
specific commercial mission requiraments.

StarCore N A partially reusable complex
of cryogenic upper stages proposed to
address specific Department of Defense
and other “heavy it mission
requiraments.

Starcraft Booster. Inc. Compelition Sensitive 3.2
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* StarBird I: A new reusable upper stage
{Orbitar) lo address the Earth-to-orbit
transportation of small numbers of peopls
for NASA and as a pre-cursor o

prospective future commercial industnes -
such as a space common carrier

Figure 3-1. StarBoostor Family Configurations.
From left to right: StarBooster 200/ Athena I: Duaf StarBooster 200 / Athena ii; StarBooster
208 / StarCore |; SiarBooster 200 / StarCora |,

StarBooster Wehicle Configuration and
System Parformanca

A versatile vehicle, the SlarBoosier aircraft is
desigred for several modes of operation:

+ \Vertical rocket-powered launch  and
ascent,

+ Separation from paylcads &t velocities up
to Mach 8.

+ (Ghding hypersonic to supersonic o
subsonic flight on a return lrajeclory
toward the launch site.

«  Turbofan-powsred subsonic cruise for
approach and runway landing.

A key feature of the StarBoostar system is the
clean separafion of mairtenance activities for
the rocket-powered ascent propulsion system
and the aircraft system used for the retum
ahd racovery of the booster. This separation
agllows the StarBoostsr rocke! reusabiliby
development program 1o be seaparated from

I SBtarcraft Booster. Inc. Comoetition Sensitiva 3-3
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that of the aircraft and is integration or reuse
issues. By ulilizing proven bonster and vpper
slages, development risk, costs and fime to
market can be minimized. We anticipate
significant system gperational improvemants
over exishng axpendable vehicles. Through
the use of liguid propellant hoosters, which
permit parallel matntenance and
interchangeability of the aircraft and rocket
stage, launch delays and flight-to-flight tum-
argund time can be raduced.

Reductions in development cost and time,
when coupled with a wealth of cperational
experience gained from repeated re-flight of
the initial systemn, should accelerate
improvements i reliability and hasten the
introduction of growtt options, such as our
cancept for the SlarBooster 750, presently
envisianed as a candidate for MASA's LFBE.

Prasently, two versions of the StarBooster
aircraft are bemng concurrently desigred as
Starcraft Boosters, Inc's  first  reusable
boopster systems, They are seen as the firs
stap in development, maximizing the use of
Commerciat Off-the-Shelf (COTS) technalogy.
The StarBooster 260 vehicle uses the RE-180
powered first stage of the Adas M s
performance is presented in datail in Part 6 of
this repot. The StarBeosier 350 emplays the
RO-170, the “hig brother of the RD-7180. Bath
of these engines are supported in the United
States by Fratt & Whithey.

To date, the SfarBoopsfer 2010 vehicle concept
Rras bensfited from signficantly more detafled
analysis work than has the SlarBooster 350
Although the StarBooster 350 configuration is
wary promising, more systems leval analyses
are required. This activity is proposed for the
next contract periog.

StarBooster 200

Tha StarBoosler 200 wvehicle concepl was
conceived when Lockheed Martin and Pratt
and Whitney decided to collaborale on
mntegrating the Russian-designed RD-180
rackat engina into the Atas Hf {formally Alas
HARY launch vebicla,  Imitially, Starcraft had
developed the StarBooster 350 aircrafl to

accommodate the first stage of the Zend
launch vehicle, With the increasing number of
ITAR resticlions imposed by the U.S, State
Depatment. an indigenous booster sopplier
was sought. It was fortuitous that the Atlas W
stage came available at roughly the sams
time.

Figure 3-2. The StarBoostor Alrcraft.

Starcraft Boostars, Inc. has developed a
tamily of wehicles based on the StarBooster
200 fwrst stage to serve the commercial
market, The smallast mamber of this family
combines & SferSaoster 200 with an axisting
Athena Il ELV to place 13,200 Ib, (6000 kq}
e an easterly LEC orbit, Adding a second
StarBooster 200 to the system increases the
LECQ paylmad capability by 77% to 23.400 by,
f10,608 kgy. Wsing a solid kick motor, this
same configuration can place four matric tons
{8,820 Ib,} mio 2 Geosynchronous Transfer
Orbit (GTO),

To addrass fulure intermediate and heawy lift
launch needs, in particular the anticipated
growth in demand for placing large (5.0 metric
tons / 11,000 ib,} communication satellites in
GTO, Starcraft Booslars has developed a
unique combination of existing stages.
StarCore | integrates the firs! two stages of
the Afhena !l vehicla with the existing single
angine Cerfaur and Payload Fairing from
Alas i in order to deliver 6.4 metric tons
{14,000 Ib,) 1o GTC. An alternate rmissten for
the dual StarBooster 200 StarCore | system

Starcraft Booster, ine. Competition Sensitive ‘ a4
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may be fulure re-supply andfor reboost of the
International Space Station {IS5).

StarBooster 350

The StarBooster 350 vehicle is approximataly
Z2B% larger than the StarBooster 200 and
provides an allernate path for StarBooster
davelopment. This booster omploys a
Ukrainian Zenit first sfage, which may be
provided by Boeing. The Zeni first stage is
powerad by the world's most powerful liquid
propellant rocket engine, the RO-170,

The tamily of ewisting or proposed upper
stages for StarBooster 350 s ditferent.
Somewhat l2ss defailed analyses have heen
performead, but the prefiminary LEQ and GTO
caprabilihes are impressiva,

StarBooster 350 can also augment several
current taunch wvehicles. For example, the
StarBooster 350 might tnple the Pionger
Fathfinder's payload o LEQ. With nearly 2.5
times the {otal impulse of the Arians Vs solid
rocket boosters, the SlarBooster 350 could
replace these boosters and  significantiy
increase this vehicle's payload. Likewise, the
StarBoosfer 350 can approximately double
the payload capability of the Japanese H-2
launch vehicle.

One interesting application of the StarBooster
350 is to take advantage of the “peace
dividend” and fly with surplus ICBM's as the
“‘payload”. Pedformance for the Amerncan
Tidan N, Ukrainian Tsyiion, Russian Rokot,
and Russian far has been analyzed and
gach is significantly tmproved compared fo
ground launch of the same vehicla.

Another potential application is to replace the
Space Shutlie’s solid rocket motors with dual
StarBoaster 350's, andfor lo use StarBooster
to devalop [ FBH technology to meet RERS
replacement requirements. A Shublle using
dual StarBooster 350 s could deliver 25,000 (h
of payload Yo the international Space Station
{185} Alhough not useful for some 55

assembly missions, this lower 875 payioad
capability would be useful for re-supply, crew
rotation, and station re-boost russions.  Aftar
a “reliability by leaming from reuse™ cargo
flight program, StarBooster 350's  would
provide improvemenis in flight safety and
ground processihg hmelines, and meef or
excesd the payioad capability of the current
next generation vehicle, the Lockheed Martin
VanlureStar,

StarBooster Growth Options

The current and fulure applications and
detivatives of StarBooster are quite broad. In
the near temmn, ane or two SiarBooster 200's
could serve as liquid strap-on boosters for the
Allas V or Defla IV launch vehicles, reptacing
the solid rocke! motors currently proposed,
while increasing wehicle performance and
raliability.

Starcraft Boosters has begun canceptualizing
future StarBoaster applications based on our
approach of incremental development steps
utilizing provVER technologies and
components. We believe that our concept of
amploying existing rocket stages as complele
propulsion modules provides a starting point
for proceeding down a low nisk path for
developing a family of reusable vehicles.

In the future, growth versions of StarBird
tmanned vehicles may pave the way for space
tourism and new reusable SiarCore stages
may enable a fully reusable launch system,

The most important aspect in  any
development process is (o chart & course and
tegin  the joumey. We eszlimate that
developing the versatite low-cost StarBooster
airplane  and  uiilizing existing, proven
expendable booster stages will yield =z
commercially viable space launch system.
Furtharmore, the SfarBooster vehicie will build
an industry knowledge base that can be used
fo expand aur communal understanding of the
design and operation of reusable space
systams.
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Part 4 — Regulatory Environment

“The Uniled States space program ig criffesl
ta achieving U.5. nationa! sacunly, scientific,
technical, commercial and foreign  poficy
goals. Assuring refiable and sffordable access
to space through U5 space fransportation
capabilities is a fundamental gaaf of the U5
Space program. ..

The Dapartment of Defense {DoD) will ho the
fead agency for impravement and avolutian of
the current U5, expendable launch vehicts
(ELV) flsel, including appropriate technology
developmeni.”

{National Space Transportatlon Policy,
Dffice of Science and Technalogy Polley,
August 5, 1994)

*U.S. Government agencies shall purchase
commercially avallable space goods and
services lo the fulles! extent feasible and shalt
not  condect  acliviies  with  commercial
appiications  that  preclude or  deter
commercial  space activiies except for
raasons of national security or public salaty. A
space gqood or senvice is “commercially
avaflable® # i I8 currenlly offered
commearcially, or if # could be supplfied
commarciaily in response io & government
sarvice procurement  reguest.  “Feasible”
means that such goods or gervices mest
mission  redguirements in 3 cosf-effeciive
manner.”

{National Space Policy, National Sclence
and Technology Counch, September 14,
1896}

“With the number of spece launches projected
to grow o as many as 50 per year over the
next decade, and with tha prospect of af feast
a porfion of them being on whal we are
referring fo as hybrid wvehicles - fhat is
vehicles that operate as afrplanes during part
of their mission and as space vehicles during
offier parls - planning is well undsrway on

how o manage this situation for both safely
and sfficiancy”

{Remarks by Patricia Grace Smith,
Associate Administrator for Commercial
Space Transportatlon, Federal Aviation
Administration, United States Department
of Transportatlon, "SPACE AT THE
CROSSROADS: MILITARY USES OF
COMMERCIAL SPACE SERVICES
CONFERENCE, 1.5, SENATE HART
QFFICE BIHEDING, WASHINGTON, D.C.,
September 16, 1998)

Introduction and Suramary

What policy, law and regulations have
jurisdiction aver the StatBooster? Why is
this guestion important enough  for
Starcraft Boosters, Inc. {o have studied it
while the StarBoosier is just a paper
concept?

The StarBooster is a “hybrid vehicle,” a
reusable booster that takes off vertically
as part of 2 asparce vehicle. But the
StarBooster does no! enter outer space.
It separates from the upper stage in the
atmosphere and then flies back o its
landing site like an airplane.

Any commetcially owned or operated
StarBooster will be requlated as either an
atreraft or as a launch vehicle even if it is
used for NASA or DOD launches., The
anly way {o avold regulation is for the
StarBooster fo be owned by the
government.

it the StarBooster is an airplane, the FAA
must certify it. For example, the Pegasus

-——
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launch vehicle vses an L-1011 aircraft,
which s cerdified by the FAA i the
StarBoosler is a reusable launch vehicle,
then the FAA must issue a launch license
authorizing its fiight. This is not an
academic qusstien.  Which regulatory
regime controls the StarBooster will define
mportant  aspects of its engineernng,
design, financing and aperation,

The Commercial Space Act of 1998
fCSA), Public Law 105-303, extends the
icensing authority of the Secretary of
Transportation under 48 D.5.C. Subtitle
IX, chapter 701 (known as the
Commercial Space Launch Act or CSLA),
o reentry vehicle operators and the
operation of reentry sites by a commercial
or non-Federal entity. Under the CSA, the
Secretary is authorized to licenze reentry
of a reentry vehicle, including reusable
launch wvehicles, and the operation of
reantry siles when those activities are
conducted within the United States or by
L5 citizens abroad.

FAA draft ruies that are not yet final dafine
a “reentry vehicle” as a vehicls dasigned
to return from Earth orbit or outer space fo
Earth substantally intact. A rsusable
iaunch vehicle that is designed fo refurn
from Earth orbit or outer space to Earth
substantially intact is a reentry vehicle.
The StarBooster is not a reentry vehicle
under this definition because it does not
retum from orbit or culer space.

Under the proposed FAA rule a “reusabls
launch vehicte {RLVY is a launch vehicle
that is designed fo retum to Earth
subsiantially intact and therefore may te
launched more than one time or that
comtains vehicle stages that may be
recovered by a launch operator for
future use in the operation of a
substantially similar [aunch wehicle.
{MNotice of proposed rulemaking [Docket

Mo, FAA-1999-5535;, Motice No. 93-04)
RIN 2120-AGVi, Commercial Space
Transportation Reusable Launch Vehicle
and Reentry Licensing,}

Undsr fhis proposed rule, the StarBooster
would be a “Reusable Launch Vehicle.”
But # is uncerain if the draft rule would
apply to the StarBooster “mircraft” as it
flies hundreds of miles back o a landing
site. The draft rule seems to have besn
written more in contemplation of the
parachute recovery of conventional rocket
stages, like the solid rocket boosters on
the spacs shuttle.

| tried 1o clarify this issue by calling Ms.
Laura Montgomery, & FAA atiomey in the
office of Commercial Space
Transpaortation. s, Monigomery
confirmed that i is now uncertain how a
tiybrid vehicle like StarBooster would he
ragulated. She suggestad that it might be
necessary for S8l to file a "Request for
Interpretation Letler that would cause the
FAA to consider this matter and make a2
ruling. She told me that the ruling would
take quite szome hme because this
question is already under siudy in the
FAA and may require additional
rulermaking. This communication i
confinuing.

In arder {o understand what it means for
the StarBooster to be regulated as a
launch wvehicle, it i85 necessary o
vnderstand how launch wvehigles are
licensed,

Regulation of Commercial Launch
Vehicles

Tha Commercial Space Launch Act of
1984, as codified at 49 U.5.C. Subtitle 1X-
-Commercial Space Transportation, c¢h.
701, Commercial Space Launch Activifies,
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49 US.C. §§ 70101-70121 {the Ach),
authorizes the Secretary of Transportation
o ovarsee, license and regulate
commercial  launch activities and the
operation of launch sites as camied out by
U5, citizens or within the United States.
48 U.SC. §§ 70104, 70105, The Act
directs the Secretary to exercise this
responsibiltly consistent with public health
and safety, safety of property, and the
national  security and foreign  policy
interests of the United States, 49 U.5.C. §
70105, ang to encourage, facilitate and
promote commercial space launches by
the private sector, 48 U.S.C. § 70103

The FAA carmies out the Secretary's
responstbilities  for  licensing  and
reguiating launches and the operation of
launch sites. Prior to Novamber 15, 1985,
the Secretary’s responsibilities were
implemented by the Office of Commaercial
Space Transportation (the Office), which
was located within the Office of the
Secretary in the Department of
Transportation. MNow, the Associate
Administrator for Commercial  Space
Transporiation is part of DOTs Federal
Awviation  Administration. When  this
agmiristrative change was effected, the
Secretary  defegated the  statutary
authority  owver  the regulation of
commescial space transportation to the
Administrator of the Federal Aviation
Administration, and the Administrator
redalegated this authority to the Associate
Administrator.

On August 4, 1884, President Clinton
announced a new National Space
Transportation  Policy reaffirming  the
government’s commitment  fo the
commercial space transportation indostry
and ihe critical rale of the Department of
Transportation in encouraging and
tacilitating private sector launch activitias.
In 1996, President Clinton signed a

National Space Policy, which recognized
the Department of Transportation as the
lead f{ederal agency for regulatory
guidance regarding commercial space
transportation activities. The FAA's rules,
by offering greater specificity and certainty
regarding licansing requirements and the
soope of a license, should assist the
taunch  industy in its business and
operational planning. This will facilitate the
private  sector's launch  activiies by
increasing certainty and by easing its
regulatcry burden.

Background on the FAA's Commercial
Launch Licensing History and Process

The FAA licenses commercial launches
and the commercizl aperation of launch
sites through 14 CFR Ch. il In April
1888, when the then Office of Commercial
Space Transporation first issued final
regulations, no licensed launches had yet
taken place. Accordingly, the Office
established & flexibls regime intended to
be responsive fo an emerging indusiny
while at the same time ensuring public
safety. The Ofice noted that it would
"continue o evaluate and,  when
necessary, reshape its  program  in
response o growth, innovation and
diversity in this crlically impotant
industry * Commercial Space
Transportation Licensing Regulations, 53
FR 11004,11006, {Apr. 4, 1988 LUnder
the 1988 regulations the Office
implemented a case-by-case approach for
the evaluation of Jlaunch ficense
applications. All commercial launches at
the time ook place from federal launich
ranges.

In conjunction with information guidelines
describing the Office's  application
process, the Office’s requlations reflected
the intent of Congress that the Office
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evaluate the policy aspects and safety of
a proposed launch. The Office followed a
case-by-case approach to  performing
these reviews, tailloring ifs information
requesis to the specifics of a given launch
proposal,

Later, the Ofiice togk further steps
designed to simplify the licensing process
for launch operalors with established
safety records. For example, hefore
issuing its final rules in 1988, the Office
issued interim regulations, in which it had
contemplated the possibility that "one
lirense could cover a specified senes of
lavniches where the same safely
resources [would] support identical or
similar missions.” Commercial Space
Transportation  Licensing  Regulations,;
Interim  Final Rule and Reguest for
Comments,

51 FR 6870, 6872 {Feb. 26, 1888). In
1981, the Office implemented this option
by instituting a launch operator license for
similar launches carried out by a single
licensge. The launch operator license
currently authornzes a licensee to conduct
any number of launches within definad
parameters over the course of a two year
pericd. The FAA has cortinued to apply
a case by case analysis fo licenses
authonzing 2 single faunch or to licenses
authonzing & set of specifically identfied
launches.

The FAA in accordance with 4G USC §
70112 and 14 CFR Ch. I, part 440,
Imposes financai responsibility
requirements on & licenses
commensurate with the scope of iis
licansa, pursuant to which a licensee is
required either to purchase insurance to
protect launch participants in the event of
claims by third parties and to protect
against damage to government property,
or to ofherwise demonstrate financial
responsitility. In the everd that there was

a launch accident and third pary claims
ansing out of that launch exceeded the
financial responsibility required by the
FAA, the Act contains procedures through
which the govemment of the United
States may pay those excess claims up to
a statutory ceiling. See 48 USC. §
70113, The possible paymsent of excess
claims by the govemment for damages
related to a particular taunch is commonly
referred to, albeit emonsously, as
“indemnification” of the launch industry.
The payment of excess claims
constitles, in fact, only a prowvisicnat
agreement by the govemment of the
United States, which is subject to
conditions,  including  Congressional
appropristion of funds.

Growth and CGurrent Status of Launch
Industry

The number of commercial space
taunches has steadily grown owver the
years since the first licensed commercial
launch in 1282 As of Cclober, 1989, over
110 licensed launches have laken place
from five different federal launch ranges,
from an aircraft in flight and from an
offshore platform in the Pacific. Launch
vehicles have included traditicnal orbital
launch wehigles such as the Atlas, Tian
and Deita, as well as suborbital vehicles
such as the Starfire. New vehigles using
traditiohal  launch  techniques  inciude
Lackheed Martin's Athena | and Il, EER's
Conestoga, Orbital Sciences
Corporation's Taurus, and Boeing's Delta
ll. Unigue vehicies such as the Pegasus
are also included in this count MNew
launch vehicles are praposed every year.
For exampie, the Pegasus air-launched
rocket has been developed since the
passage of the Acgt The Act also
requlates sea-launched rockets,
Lockheed Martin's Atlas 1! and
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Boeing's and Lockheed Marin's evolved
axpendabls faunch vehicles. A number of
companies are proposing parkally and
fully reusable launch wvehicles. Several
companies are participating in parinership
with the MNational Aesronautics and Space
Administration (NA3SA) to develop X-33
and X-34 launch wvehicles incorporating
reusable and single-stage-to-orbit
technology, which could result in vehiclas
far commercial use.

Currenfly, commercial launches lake place
from federal launch ranges operated by the
Depariment of Dafense ang MASA. Launch
operators bring launch vehicles 1o fedsral
ranges such as Cape Canaveral Air Station,
Vandenberg Air Force Base, White Sands
Missile Range and Wallops Flight Facility, for
launch. A launch operator obtainsg & number
of services from a federal range, including
radar, iracking and telemelry, flight
termination and othar launch senvices.
Pursuan! to an agreement between a federal
launch range and a lapnch gperafor, the
federal range has final avthority over whether
to allow a launch 1o proceed. A federal range
pperates pursuant (o its own internal rules
and procedurss, and the launch operator
must camply with those rules and procedures
in addition to the requirements of the FAA

The U.5. commercial space transportation
industry  faces  strong  international
competition.  Ariange, Europe's launch
vehicle, continues to be Lhe market
lzader, with other competition coming
from China, Russia, and Ukraine. The
LS. industry still obtzins a significant
percentage of launch contracts, and over
fifty commercial faunches are planned
within the next three years. AST projects
over seventy commercial orbital launches
within the next three years.

Additicnally, .S,  participation  in
itemational ventures is increasing. For
example, Internafional Launch Services

{ILS}, comprised of Lockheed Marlin
Corporation, Khrunichev Enterprise and
NFQ Energia, markets Russia’s Proton
rockets and the LS AlMas. Another
international partnership, Sea Launch
Limited Partnership (Sea Launch),
involves Boeing Commercial Space
Company, S.P. Korolev Rocket and
Space Corporation Energia, KB Yuzhnoyse
and PQC Yuzhnoye Mashinostroitelny
Zavod, and Kvaerner Moss Technologies
a.s., which are U5, Russian, Ukrainian
and Norwegian companies, respectively.
Sea iaunch has launched two
commercial rockets from a modified oil rig
located in the Pacific Ocean. Orpital
Sciences Corporation has

conducied a launch cuiside the United
States and envisions more.

Current Revisions {o
Ragulations

Licensing

With six years of experience in regulating
the commerciat launch industry, the GOT
Office of Commercial Space
Transportation initiated a process for
standardizing its licensing requiations.
When the Office first started its licensing
program, the Office did not possess
standardized rules or requirements.
Accordingly, it evaluated each license
application individually to ensure that a
praposed launch would not jeopardize
public health and safely, the safety of
property, U.5. national secunty or foreign
policy interests or international obligations
of the United States. Over the course of
lime, angd with the input of licenseas and
federal launch ranges, the FAA has
evolved a2 standardized approach to
licensing launches from federal launch
ranges. Accordingly, the FAA now
mplements  that  approach  through
revisions to s regulations.
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On October 13, 1984, in anticipation of license application procass developed
issuing a notice of proposed rulemaking, through its case by case license history,
the Office of Commercial Space including the implementation of cerain
Transporiation, DOT, announced that if safety proposals recommendead by the
was holding & public meeting to obtain MNationa! Transportation Safety Board. The
industrny's views to assist the Office in FAA also proposed to streamline and
developing an NPRM that would address reorganize & varely of other licensing
specific requirements for launch and provisions. The comment period closed
launich site operator licenses. Notice of May 18, 1997, Al the request of several
Fublic Meeiing, 59 FR 52020 {1594} The launch operators, the FAA recpened the
Office stated that it would streamiine its comment period until Augqust 4, 1897, and
launch licensing process by standardizing received comments from a number of
requirements and by codifying certain interested  parties, including launch
infarmation regquiraments in its operators, 2 payload provider, & launch
regulations. Id. The Office also advised site operator and prospecltive reusable
fhe public that it would promulgate roles launch vehicle operators.
concerting licensing the operation of &
launch site. id. The FAA proposed to The Envirghmental Protection  Agency
implement rules of general applicability for commerted on the FAA's environimental
operation of a launch site through an procedures, The launch operators who
additional nofice of proposed rulemaking fited comments included Boeing
in arder to foster cerfainty for this new Commercial Space Company, Lockheed
industry as wall. 1d. The public mesting Martin Corporation, McDonneil Douglas
took place on Cctober 27, and 28, 1594, Agrospace, and Crbital Sciences
and was attended by represaeniatives of Corporation. Reusable launch vehicle
the commercial launch industry, payicad operators’ views were represented by
companies, prospeclive  commearcial Kistler Aercspace Corporalion, Rolary
lavnch  site  operators,  interested Rocket Company, and Space Access.
goveramerd agencies, hoth stale and Hughes Electronics, Spaceport Florida
federal, and the public. Authonty, and the National Transportation
Safety Board also filed comments.
On March 19, 1957, the FAA released a Commernts focused on several major
notice of proposed rulemaking proposing issues, with the proposed definition of
to amend s licensing requirements. launch eliciting the most atltention. Foreign
Commercial Space  Transportation ownership of a2 license applicant also
Licensing  Regulstions, Molice of praved 2 topic of concemn, as did ssues
Proposed Rulemaking {NPRM), 62 FR surrounding the FAA's proposed risk
13216 {Mar. 13, 1897) In the NPRM, the threshold and various safely
FAA proposed to narrow its definition of requirements. in light of the great variefy
launch from "gate to gate,” which resuited of  topics encompassed by this
in the licensing of the launch related rulemaking, rather than devoting a singte
activities of a launch operator at a federal section o all of the comments, the FAA
launch range pror fo the amrival of the addressed the comments by subject
taunch vehicle, to "vehicle at the gate” matter throughout the preamble and
which encompasses only the launch section by section anatysis in the relevant
operators  achlivities once its  wvehicle context.

arrives. The NPRM proposed a launch
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On Qctoher 28, 1988, the Commercial
Space Act of 1998 was signed into law.
Among other things, it revised the
definition of launch t6 include activities
"involved in the preparation of a launch
vehicle or payload for launch, whebh those
activities take place at a taunch site in the
United States.” P.L. 165-303 {1998), 48
US.LC. 7H82(3). The change affacts this
rulemaking's definition of launch by both
canfirming the more narrow application
proposed in the NPRM and expanding the
scope of launch to encompass launch
vehicle preparatory aclivities ococuming at
any launch site in the United Siates, even
when those activities take place at a
taunch site from which flight of the launch
vehicle does not take place.

Launch License

The amendments {o the FAA's launch

icensing  regulations  address  the
definition of "launch," licensing
requirements, including payload

determinations and policy reviews, and
tnformation required from an applicant
proposing to launch a vehicle emptoying
established fechnolocgy and procedures
from a federal launch range. The FAA
here changes its interpretation of the
definition of "launch” and thus changes
the scope of a launch license.
Additionally, in contrast to what was
criginally proposed in the NPRM, which
was to define with particulanty the
beginning of launch for purposes of those
teking place from a federal launch range,
the FAA will apply its proposed definition
of launch to a launch taking place at any
launich site located in the United States,
whether that launch site i a federal
launch range or nof Through this
rulemaking the FAA is formalizing its
practice of issuing two different types of
launch licenses, a launch operator license

pursuant to which a licensee may conduct
any launches that fall within the broad
parameters described in its license, and a
launch-specific license, which allows &
licensee to conduet only those launches
enusnarated in the license.

Proposed Requirements for RLV
Mission License

Under currently proposed, but not yel
adopied, FAA riles, in its RLY mission
lirense application, an applicant must—

{a) Identify the model, type, and
configuration of any RLV proposed for
launch and reentry, or otherwise landing
on Earth, by the applicant,

bl Iderttify all vehicle systems, including
structurzl, thermal, pneumatic, prapulston,
elactrical, and aviohics and guidance
systems used in the vehicle{s), and all
propellants.

{c) Ideniify foreign ownership of the
applicant as follows:

1. For a2 sole proprietorship  or
parinership, identify all foreign
ownership,

2. For a corporation, identify any
foreign ownership interests of 10%
or more, and

3. For a joint venture, association, or
other entity, ikentify any
participating fareign entities.

{d} dentify proposed launch and reentry
flight prefile(s), including—

1. Launch and reentry sitefs),
including plannsd  contingency
abort locations, it any;

Starcraft Booster, Inc. Competition Sensitive | 4-7




STARBOUOSTER

2. Flight trajectories, raentry
trajeclories, associated  ground
tracks, and instantaneous impact
points for nominal operations, and
contingency abort profiles, if any;

3. Senusnce of planned evenis or
maneuvers during the mission; and

For an orbital mission, the range of
intermediate and fnal orbits of the vehicle
angd upper stages, if any, and ther
estimated orbital life imes.
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Part 5 - The StarBoosfer Family

The StarBooster family of vehiclas is comently
comprized of five interrelated elements:

« StarBooster 200 and StarBooster 350:
Reusable booster vehicleas based on
existing engines and ELV booster stages.

+ Existing ELV Stages: These are used o
transpart payloads from the StarBooster
staging paint {up to Mach 6.0, ~250,000 #)
to the desirad orbit,

+ StarCore 2 An innovative combination of
existing stages proposed to address
specific commercial mission reguirermnents.

*  StarCore i A partally reusabls complex
of cryogenic upper stages proposed to
address specific Dapartiment of Defense

and other “heawy  Ift"  mission
requirarmernts.

s StarBird I: A new reusable upper siage
{Orbiter] to address the Earth-to-orbit
fransporlation of people for NASA and
prospective fulure commercial industiries -
sUch as$ a space CoOMMOon Carrer,

The gosal of Starcraft Boosters, Inc. is o
integrate these five elemen!s to create a low
risk, highly reliable space transportation
archifecture with clear growth paths for the
space missions of the fulure.  The initial
configurations proposed are based upon
aither the StarBoaster 200 or the StarBoosier
350 reusable space booslers.

Figura 5-1. StarBoostar Family Conflgurations,
From left to right: StarBooster 200/ Athena il; Dual StarBooster 200 / Athena H; StarBooster
206 7 StarCora I; StarBooster 2007 StarCore [l
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The StarBooster 200 System

SterBooster s a program  of  alreraft
developmant and adaptation of existing rockat
vehicles. The StarBooster 200 ancraft is
designed to house and return the first stage of
the new Alfas #i launch vehicle, with its RE-
180 rocket engine. The airplane is roughly
the size of the Boeing 737 airliner and has an
expectad dry mass near 70,000 (b, (32,000
kgl. It contains approxirately 200 US tons
{400,000 b/ 181 400 kg) of propellant, hence
the designation StarBooster 200,

Flgure 5-2. SfarBooster 200 Returtilng to
Launch S5ite

StarBooster 200 is taunched vertically under
the rocket power of s intermally mounted
booster stane and delivers its expendable
upper stages and payload to near Mach 5 at
an altitude of approwimately 150,000 ft {45
km). After separating from its payload, the
vehicle, along with the spent Afas f7 first
stage stil installed in the fusslage, procesds
on a relum trajectory, decelerating as it
descends in the atmosphere, After air
starting its two urbofan engines, the vehicha
cruises about 250 miles {400 km} back to the
launch site at subsonic speed, and lands on
its wheeled landing gear. Far cerain
missions where the staging velosity can be
limiled to Mach 3.3, the StarSooster vehicle
hias the capability to use its wings to perform

an un-powsred Relurn to Launch Site (RTLS)
maneuver. Inthese sitvations, the Air Breathing
Proputsion Sysiem {ABES) can sither be
eliminatad ar used fo further increass mission
flewibility and refiability,

After the SlarBooster 200 lands on the
runway, the aireraft and stage are then
refurbished for re-flight. Due to the modularity
of the desion, the entire Affas ! first stage
component can be removed from the vehicle
and replaced with a new siage.  This
interchanhgeability of componends is infended
to decrease tum around time by allowing
aither the abcraft or the racket stage {0 be
maintained without having o ground the
entire system. A sufficient number of rocke!
stages will be kepi in inventory to facilitate
this type of operation.

StarBoostar 200 Vehicle Configuration

The StarBooster 200 vehicla consisis of a
long eyiindrical body with an aft delta wing
and forward canards. Winglats provide lateral
stability duning atmospheric flight while an
aftitude control system is used o control the
vehicle during exc-atmospheric flight.

StarBooster 200 has a body length of 123 ft
{38 m) and & wingspan of 67 # {21m)
Approximately 66,000 b, (30 metric tons) of
the vahicle's 518,000 Iby, {235 metric tons)
gross mass is aircraft dry mass.

The vehicle's dry mass is split into three major
parts: the aircraft, the air-breathing propulsion
systam (ABES) and the Aflas if first stage,
referred to as the Removable Propuision
Modide {RPFM). The atrcraft has a calculated
dry mass without ABES of 65,700 Ib, {30
tons), including & 30% mass margin,  For
those missions staging above Mach 3.3, the
ABES mus! be installed, mcreasing aircraft
dry mass to 75,800 (b, {34 tons) The dry
mass of the Allas I first stage is astimated to
be near 28,500 Iby {12 tons) with BECC “wet”
mass of 30260 th, {137 tons) The
StarBooster 200 vehicle configuration is
discussed in more detail in Part § of this
report.
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The Alas il RD-180 engine provides & liftofi
thrust-to-weight ratic of 1.20 or greafer in
series bum configurations {ro supplemental
thrust fram paylcad rocket stages). With this
configuration, 184800 Ib, (83,500 kg} of
StarBooster 200 “throw weight' can be
deliverad to booster engine cutoff (BECO).
The staging 1deal velacity of 3,500 ft/s {2 500
mfs) comesponds lo a relative velooity of
approximately Mach 5.0, well within the Mach
6.0 thermal limitation of the wvehicle's
aluminuen airframe.

The StarBooster 200 will b2 an automated
vehicle. After BECO and payload separation,
the vehicle will proceed toward the faunch
site, as a ghder when it can, under the power
of s two Pratt & Whitney PWE000 turbofan
engines mounted aside the beody for staging
velocities above Mach 3.3, B.BO0 [by {39 kN)
of thrust per engine is delivered at 15,000 feet
{4.8 Wm) altitude. 10,200 by, {4 .6 fons) of jat
fue! is provided o support approximately 50
miruttes of fiight including engine start-up, 128
MM {240 km) of cruise return flight from the
downrangs re-enlry point (derived by POST
analyses), & 15-minute “go-around” allowance
and 10% raserves,

tn addition to the canard surfaces provided o
telp resoive the distingt and different control
requirements  of bypersonic  fiight and
subsonic cnute, 800 b, {278 ky) of propellant
has been allocated for the Aftitude Control
System (ACS) for exo-stmospheric flight.
During racket-powered ascent flight, the dual
nozzie gimbaled rocketl engine provides
three-axis control.

StarBooster 200 Applications

The StarBooster vehicles are not infanded to
reach arbit. That is the funclion of the rockets
and stages carned bensath its fuselage that
franspont communications satellites and ofher
payloads destined for LEQ, GTO, and GEO.
SiarBooster delivers these wehicles and
payicads to a sub-orbital slaging velocity and
altitude from which the “upper stages” will
continue the missioh to orbit,

StarBooster and upper stage combinations
that exceed the wvehicle's igmtich thrust to
weight constraint aof 12 can be
accommodated by aff-loading a portion of the
Atlas I booster propellant, producing lower,
but st wseful, staging welogities,  Another
apfion is to use a “parallal burn” boost profile,
where the first of the carnied rocket stages is
uwsed to augment the lift-off thrust of the
StarBooster 20(fs angina.

Similarly, smaller payloads that would cause
staging velocities above the Mach 6.0 “heat
sink” limit of the wehicle’'s aluminum airframs
may also be accommodated. This will be
accomplished by tailoning the ascent
trajectory to reduce haating loads andlor by
off-loading a pottion of the StarBooster 200 's
propellant to produce lower staging velocities,

Over fwenty candidate upper stage
combinations have been examined for use
with either single or dual StarBooster 200
vehicles in order 1o increase the performance
and cost-eflactiveness of these. From these
analyses three “upper stage” combinations
have been seleciad to comprize the initial
StarBoostar 2000 system.

Single Star8oostar 200 with Athena if

Flgure £-3. Single StarBooster 200 with
Athena I

The single StarBooster 200 { Athena H
configuration ulilizes a modifted version of the

) 1
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exishing Lockheed Martin Athens # solid
rocket motor launch wvehicle,  This vehicla,
with its two Casfor 120 motors {derived from
the modern Peacckeesper WCBM), its Orbus
210 third stage, and a liquid propeliant Crhi
Adiust Madule (CAM), has a gross mass at
hftoff of approximately 120 fons plus payload
and is now capahle of launching 1.65 matric
tons {3,650 pounds) into low Earth arhit from
Spacepaort Flarida,

When laynched by a single SiarBooster 200,
the payload of the Athena K is increased io
six tons io low Earth arbit {13,200 pounds)
three and a half times that of the sams
vehicle when ground launched. A portion of
the StarBooster 200 propellants must be off-
loaded to about 80% of capacity for this use
in order to achieve the desired minimum
thrust-to-weight ratio of 1.20 at lift-off.

Staging occurs at an altitude of 30 km with a
velooity of approximately Mach 380, Anissue
yel to be sxamined is whether or not the
cantrol margin is adeguate during hoost
rhase {light.

Dual StarBoosier 200's with Athana i

The second SfarBooster systermn configuratinn
consisls of two StarBoosfer 200 combined
with a modified Athens Jf.  This “Dual
StarBooster 200" configuration  improves
payload perdormange o almost five and one
half tirnas greater than that of a ground-
launched Athans N, to abougt ben metric ons
{23,400 Iby / 10,600 kg) to LEQ. With the
addition of a Star series solid rockst motor,
payloads approaching four rmatnc tans {8,820
by £ 4,000 k) may be delivared to GTO. This
is tn the payload dass of the Arane IV, Allas
M, and Defta il. This capability can address
approximately 60% of the near term
commergial GTO market,

In additioh to the Athena U, dual StarBoostor
20rs could be combined with a variety of
other current launch wehicles. Some
consideration has been given (o use of dual
SltarBooster launch of Atas B Arane V
fwithaut its solid rocket boosters), and the
mexpensive tkar i, Rokot, Stard, and Tsyklon

vehictes derived from  surplus  Russian
ICBi's,

Figure 5-4. Dual StarBooster 200's with

Athena Il
Parallel bum amangements will be
advantageous with other dual StarBooster
200  launch configurations. In this

arrangement, the launch vehicta or stage
being camried is 1gnhited simultanequsly with
the twin SltarBeoster 200z, One candidate
vehicla for this mode of operation is the rew
Lafta 1V vehicle to be delivered by Boeing for
the EELV program, Lockhaed Martin's EELY,
the Atlas ¥V, and the future Japanese H-24
may also be good oplions for paralle!l burn
launch by StarBooster,

Dual StarBooster 200's wi StarCore |

For heavier payloads, padiculady those
destined for high energy orbits, the Orbus
210D and OAM may be removed from Athens
# and replaced by the AMas HMs high
performance LOWEH; single engine Centaur
stage and the ANas H exdended payload
fairtng {PLF} used io house largar sized
payloads. This combination, conceived by
Sarcraft Boosters, Inc.. is called StarCore 1.
A new conical interstage adapter will be
required to aftach Cenfaur to the smaller
diameter Castor 120 molor.  Additional
maoddications include an aftitude nozzie used
for the Athema i first stage, and possibly
additonal over-wrap of the second stage case
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to accommodate the larger bending momeants
produced by Cenfaur and is larger payload
and PLF. Dual StarBooster 200's will launch
this new combination of axisting elements.

Figure &-5. Dual StarBoaster 206's wlth
StarCore |

The dual SfarBooster 200 1 StarCore | systam
has the abilily to launch the large
Gensynchronous communications  satellifes.
Al over six tons to GTO, s performance
matches of exceads that of other vehicles
competing for this lucrative commercial
market, including: Ariane V. Sea launch
ii_l';anﬂ, Dslta i, Proton / Breeze 3, and Alias

StarBooster 200 Other Applications

An  addibonal application for the dual
StarBaoster 200 { StarCora { system may be
to re-supply the lnlernaliona! Space Station
{155} and fo provide station raboost wsing
Cantawr residual propellants and its RL-10
enging after achtewing the orbit of ang
docking with {85, A nose-mounted carqo
carrier can provide both “dry" and “wet" cargo
for the space station. Currently, cargo and

carrier mass, not including the remaining
Cemtaur propellants, cannot exceed 9.4
metric tons (20,000 lb,) due fo the siruciural
limitations of the Centaur,

The StarBooster 200 reusable booster system
can ziso be wsed to provide various “air-
launch™ capabiliies for a variely of vehicles,
For example, a single StarBooster 200 can “air-
launch™ a 65 mebic ton payload at Mach 5.
Two StarfBooster 200's would increase this
iaunch mass to near 130 metic lons. By
adding two Casfor 120 SRMs to the system,
21.8 metric tons (48,200 Ib.} may be “air-
launched” at Mach 9% This capability may
prove useful io NASA's X-Plane pragrams
and to support USAF development of their
fulure Afiitary Space Planes or Space
Operations Vehicles.

Figure §-6. Conceptual USAF Space Plane

StarBooster 200 as a Liguld Flyback
Booster Damonstrator

Recent NASA desigh offorts and wind tunnel
testing on the Liguid Flyback Booster (LFEB)
for the Space Shuftle {now celled the
Reusablie First Stage [RFS] by NASA) have
provided a rich legacy of experience an a
systemn aerodynamically sirmilar L{#]
StarBooster.  Work is now underway on the
RFS under contracts issued by NASA's
Marshail Space Flight Center. A prime
contract for the LFBE design affort was
granted tc the Lockheed Martin Michoud,
Louisiana factity for the owverall system:
Michoud sub-contracted design work on the
100-ton empty weight LFBB aircrafl to the
Lockheed Martin Tachical Aircraft Division of
Fart Worth, Texas.,
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Figure 5-7. International Space Station support vehlcle concept.

StarBooster preliminary design might use
these sama centers of experise, adding work
for Lockieed Martin facilities for adapting the
Athena i, Alfas Iff ang Cenfaur upper stage
elements. Systems  enginesqing  and
integration, site activation, and marksat
analysis of the several candidate StarBooster
200 7 Athena I / StarCore | configurations will
alsa  be  needed, taciuding  those
canfigurations which may assist the EEf Vs.

StarBeoster 200 can initially benefit from
recent MWASA-funded. LFBE (or RFS)
ragaarch. In addition, flight operaticns of
StarBooster 200 andg its suite of upper slages
can soon provide extensive and valuable
demanstration and operations! experience
with reusable boosters for NASA and Do,
The experience gained by dedicated, NASA-
fundad SfarBooster flight tests can be greatly
enhanced at small addiional cos! while
StarBooster profitably serves the growing
cornrmercial space market This body of flight
experience will be exremely beneficial o
NASA 1o support the large RFS when this full-
scale flyback booster {or the Space Shuliie is
neaded.

StarBooster 200 Summary

The range of performance capabilities of the
StarBooster 200 systern can address most of
the commarcial and governmental launch
market requirements, Specific SiarBoosier
200 system  perormance  capabilities
include: six mefric tons o low Earth arbat
{13,200 Ib,} with a single SlarBoostar 200/
Athena i, ten metrc tons to LEO (23,400 by}
when dual StarBooster 200's are ulilized, and
near 4 0 metric tons (8,820 Ib,) o a geo-
synchronous fansfer orbit when a “kick
mctor” is added.

Upgrading Athana #f to the StarCore |
cenfiguration with its capable Cenfawr stage
opens a new realm of peformance: 6.3
metric ton {14000 [b,} communications
satellite plus apogee kick motor (AKM) to
GTO; 3.3 tens {7,190 by} 1o GEO without the
nead for an AXM. or 3.7 metric tons (8,150
bt to GEC by using & spirat trajectory
powered by an elecirnc prepulsion systam.,

The StarBooster 200 / Athena i / StarCore |
system provides a versalife and capable sat
of building blocks on which the space
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program of the fulure may be buit  This
highly versatile system will provide reusable
booster delivery to above Mach 5 SRM-
augmented airtaunch capabilily to Mach
18%:, and complation of high-energy space
missions with the use of the efficient Centaur
stage. By extensive wse of “off-the-sheil”
camponants,  this  unequaled set  of
capabilittes will be made awaillable to
custormers at very affordable costs,

StarBooster 350 Systam

With the philosophy of degigning an aircraft o
fit around an esisling sxpendable rockel
stage, there are other L. / Kerosene fuel
vehicle possibiliies {or varations of the
StarBooster vehicle.

StarBoosler 350 accomwmodates the  firsh
stage of the Ukraitian Zen# launch vehicle as
its RPM. Tha Zeni! employs a single RO-120
four chamber Russian engine, fram which the
two chamber RO-780 was derved, Because
of the larger Zenit stage, the dimensions of
StsrBooster 350 zre ncraased approximately
28% aver those of StarBoaster 200,

StarBooster 258 Vahicle Configuration
Similar o  the StarBooster 200, the
SlarBooster 350°8 dry mass is split into two
majar parts: the aircralt and the Fendt first
stage, refetred to again as the Removahle
FPropuision Module (RFM). The total vehicle
dry mass iz 136,520 0. (61,910 kg). The
arrcraft had, as of 18597 anaiyses, an
astirmated dry mass of 75000 Ibm {34,010
kgl and the dry mass of the Zand lirst stane
is 61,520 (b, (27,900 kg).

StarBooster 350 can deliver 285,000 (b,
{129 250 kg) to BECO while staying within the
Mach 8.0 hmitation on its aluminum airframe.
As is the case for StarBooster 200, more
massive payloads can he accommodated by
oif-loading propellant or by using a parallel
bum mission profite, Smaller payloads can
te accommodated by falloning the ascenl
profite to reduce aerodynamic healing or by
off-logding propellant to produce staging

velocities  within the “heat sink™ thermal
prataction system limits of StarBooster.

FFPORTANT NOTE REGARDING THIS
REPORT:

. An improved fidefily vehicls insrt mass is

under construciion for StarBooster 350 and
nof avadable at the time of this report.  This
activiltes will be reporfed in later foffow-on
work,  Thirly parcont dry mass marngins will
continue o be used. The performance dala
cited below are thus based upon sartisr work
and must be considerad lo Bp somawhat
oplimistic based on our assumption that the
welghls will increase.

StarBooster 354 Applications

The SfarBooster 350 vehicle is roughly 28%
targer than StarBoosfer 200, and therefore
has & different, set of complementary
companion vahicles and applications.

Unlike the SlarBooster 200 applications,
single StarBoositer 350's have been vsed in
most of the 18997 performance esfimates cited
in this report. Adding an extra SfarBooster
250 will improve performance and aliminate
concern over gimballing and conlrol issues.
This subject will be addressed in future work.

StarBooster 356 with Zenit Lipper Stages
The first, most obvious set of upper stages to
use with the SiarBoostor 350 are the Zenil's
own upper stages. Due to the increased dry
mass of the StarBocster 350 aircraft and
additicnal drag losses, the payioad
perfommance will be less than that of the Zanit
alone, as expected. However, by reusing the
Zenit's first stage, 79% of the expendable
vehicle's dry mass is saved for reuse. Of
great tmportance, detailed examination of s
postflight condition may be performed after
each mission o accelerate development of a
refined product possessing high reliability.

While the Zenif ilsefl delivers 11,575 (b,
{5.250 kg) to GTO, the StarBooster 350 |/
2anit combination will loft 8,700 by, {4,400 kqg}
to the same arbit, a performance loss of over
15%.

-
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Fiqure 5-8. StarBooster 350 with Zenlt
upper stanes.

The commercial signilicance of conzerving
most of the vehicle hardware mass versus
this loss in payiead capability has ye! to be
datermined.  However, Starcraft Booslers
beleves that the opportunily to recover and
tnspect the flighi hardware will off-set the
economic  penalttes of reduced payload
capability. QOnly after repeated re-use and
inspection can operational trend data be
gathered and analyzed to improve the booster
tite and retiability.

It should be noted that the Atlas Il delivers
7,958 b, (3,810 kg) to GTO, 18% less than
the StarBooster 350 F Fenit combination.
Likewise, the Defts ¥ 7925 places 4,060 (b,
{1,840 &g} to GTO, less than half thet of the
StarBooster 350 /7 Zend!  combination.
Custormers frequently opt for the lowser
capability and cost of Deffs # vehicles over
targer hoosters. A low-cost, highly reliable
StarBooster 350 / Zenit could hecome an
excellent compalitor in this sector of the
market.

StarBooster 350 with Pathfinder

The Pionser Rockelplane Pathfmder partially
reusable vehicle might encounter difficuity in
accamplishing a2 key elemerd required fo
enagble their systern: the inflight transfer of
liguid axygen. Should that eecur, SfarBooster
350 can launch a fully fusled version of the
vehicle from the ground, eliminating the need
for indlight refualing, and smultanecusly

pravide a three-fold increase in its pavioad.
Furttierrnore, launch of  Paikfinder  with
StarBooster 350 might eliminate the need for
a pilat onbosrd the Fathfingder vehicle o
monitar in-flight refueling.

StarBooster 350 with Artane IV and ¥V
Ariane IV has bean an extremely successful
vehicle, capiuring almost balf of the glohal
commercial space launch marked It has
several versions thal can launch between
4,520 Ibm and 9,965 (bm {2,050 kg and 4.520
kgl to GTO. A palr of SiarBapster 350's can
provide almaost 5.5 times the tofa! impulse of
four Ariane Viking-powered Liguid Boosters.
Unlike the present Arane !V boosters,
StarBooster 350 is totally reusable, once
again permifting both decreased costs and
avalution toward highar retiability.
StarBooster 350 can also be used in place of
the Ariane V Solid Rocket Boosters, providing
80% more tolal impulse while increasing
refiability and reducing cost,

StarBooster 350 with Japanese H-2

The premier product of the Japanese launch
industry is the new H-2 vehicle, a wo-stage
LO/LH; vehicle now boosted by a pair of
solid rocket boosters [(SREs). It has a liftoff
mass of 573.000 [b. (260,000 kg), 310,000
(b, (140,000 kg) or 54% of which are the solid
rocket bonstars.

Mominally, the H-2 can deliver 10.5 melric
tons {23,600 |by) to LED and four metric tons
{8,800 by} to GTO. When flown in a parallel
burn configuration with dual StarBooster 3508
substituting for its SRB's, its performance may
be nearly deubled to 20 metrc tons (44,000
[Bm) to LEQ.

However, the H-2's mass is below optimum
for the StarBoostar 350, This results in a
BECO velocity that may be too high for the
SterBooster 350's aluminum airframe. Cne
method of dealing with this would be lo
determine that the LE-7 main engine of the H-
2% first stage can be safely “air-started.” In
that case, the system could ba burhed as a
series burn, igniting the LE-7 after BECO
Arpther possibility is to merely officad some
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StarBoosier propellant, slightly decreasing the
staging velocity and payload.

StarRooster 358 with Surplus ICBM's

One attrachve oplion considersd in recent
years is to convert @ porhon of the world's
irercontinental ballistic missile (ICBM) fleat
it peaceful space launch vehicles, Thesa
vahicles are likely to be inexpensive,
considanng that they have already served
their national defanse neads. This convarsion
has recently been done with the American
Titan #, Ukrainian Tsykion {formedy 3535-8)
and Russian Rokot iformeriy SS-19) missiles.

Russia has proposed the sale and ground
laurich of s S55-18 ICBM, re-named Jfkar,
The 55-18 has had a 97% success rate over
188 test flights. When ground-launched, fkar
can deliver payloads up o 9,300 tbrm {4,200
kg) to LEQ. In its current configuration it s
intapable of placing payloads to GTO. This
performance would be muliiplied by launch
with StarBoosfer 350, GTO would now be a
possibility, with the SlarBooster 380 [ fkar
combinglion delivering over four metric tons
{8,400 b, to GTO, Estimated launched cost
of the tkar vehicle alone is below $10 million,
making this combination very cost effective.

Flgure 5-5. StarBooster 356 deploying an
tkar wehlcle,

The American Tifan #, Ukrainizn Teykion, and
Russian Roko! have smaller payload
capacities that may also be augmanted with

one or two StarBooster 350's. By ilself, the
Titan # can deliver 4,200 Ih, {1.905 kg) to
LED. Tha Tsykian s capable of 6,200 b, to
7800 Iby (2,800 kg fo 3,800 kgl to LEO,
Finally, the Rokot can lift 4,100 (b, {1,850 ko)
to LED,

Any of these formar ICBM's could be boosted
by the StarBoosfer 356, mulliplying their
performance and, for some, Opening up new
missions such &5 GTO deliveries. “Swords
it plowshares™ can, by the use of
StarBoosiers, become a cost-effactive reality.

StarBooster 355 for the Space Shotlle

The StarBooster 350 produces 237 million Ibf-
& {1,054 millioh N-5) of tolal impulse, 80% of
the lotal impulse delvered by the Space
Shufffe's Revised Solfd Rocket Motor (RSRM)
currently in service. Petdformance caleulations
isee Part 6} estimata that a dual Starbooster
350 / Space Shutfle vehicle can deliver
28,600 Ibm {11 8400 ko) to 155 — a 20% loss in
performance compared with the current
capability. Although this performance is not
adequate for eardy S5 missions requiring
delivery of massive space station modutes, it
may hold promise for iater re-supply, re-boost,
and craw rotalion missions.

When compared with the proposed
VenfuraStar vehicle, with its payload capacity
of only 25000 (b {11,340 kq} to £S5, not
including crew or craw provisions, the dual
StarBoostar 380 1 Space Shuttle comibination
fmay emerge as a more attractive option to
bacoms the NASA Crew Transfar Vehicle

(CTV),

Clearly, StarBoosfar 350, used in ane of its
many possible launch configurations, is a
contendar for #55 senvicing and crew rotation
tasks, permitting continued use of major
iwastments in the proven Space Shuffle
Crbitar and Extarnal Tank. Al the same time,
StarBooster offers the possibility of improving
flight safety and greatly reducing ground
processing fimelines through the use of the
quid sxygen/kerosene propulsion system of
its boosters that ara filed at the launch pad.
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Figure 5-10. StarBooster 350 with Space
Shuttle Orbiter.

VAB aoperations would no longer be
tampered by the presence of energatic solid
propellants in the RSRM during wvehicle
tbuildup Mass to be transported to the launch
rad by the MLPs would be greatly reduced,
as SfarBooster propellant lsading would ooour
at the launch pad,

For use with the Space Shultfe, the
StarBoostar 350 may require the addition of 2
wing fold feature to permit clearance with the
Orbiter  wing and  will reguire  the
establishment of avionics and  structural
interdfaces sutted for use with the Crbier/ET.

StarBooster 350 Summary

StarBooster 380 uses the powerful Fonit first
stage {o create a scaled-up version of the
StarBoostar 200 The possible existence of
both  series provides two choices for
davelopment and a dual development path
that offers two size “classes” of boosters,

StarBooster 350 provides a polantially low-
cost option for acquiring an existing booster
stage. QCue to ever-preseni polifical and
financial uncedainty in the countries of the
former Soviet Union, there may be fulure
unforeseen  difliculties with  foousing
StarBooster's  development on the Zamit
vehicle, The axistence of both vehicle linas
provides the insurance of two viable oplions
for booster development,

Other Options for the StarBooster RPM

There are other available liquig
oxygeitvkerosens booster engines available
an the global market that might be fitted to
new propellant tank modules o perdorm the
RPM function for ather StarBoosters.

Motable among these 15 the NK-33
refurbished and adapted by Asrojet to he the
primary  propulsion  engings for  the
forthcoming  Kistler K- launch  wvehicle,
Thorough examination of all of the relavant
possibilittes, with wvaryng  numbers  of
candidate engnes, wil be necessary to
compare their costs and benefits before a
StarBooster “design freeze”.

Should  full-zcale dewvelopment of the
Boeing/Rocketdyne RS-78  engine be
approved in the near fulure, this engine may
provide a superior candidate of U5, origin for
use with the SlarBooster fully reusable
tooster.

StarCore |

The use of StarBoosfar vehicles will greatly
increase the capability of axisting unmannad
launchers and reduce the cost per unit mass
delivered fo orhit. Further gainsg wall than
depend on better upper stages. StarCore {is
Starcraft Boosters' first “original" upper slage
design. i is based on the existing Athena
angd Aflas Il Centaur, and is thus simply a
recanfiquration of axisting technology. Ik is
intended fo serve heavier paylnads and the
carmmercial geosynchronous satellite,

To create StarCore I the GOrbus 21D and
Orbit Adiust Maodule {OAM) feom the Athena i
ara removed and replaced with tha Atlas Jifs
Righ performance LOw LH: Cenfaur stage
and extended payload fairing used to house
larger sized payloads. A new conical
intersiage adapter is required to aftach
Canfaur 1o the smaller diameter Castor 120
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molor, This new combination of existing
elaments is planned for launch by dual
StarBooster 200's and may become a
principal source of revenue o support other

devalopments of the StarBooster system.
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Flgure 5-11. StarCore 1 vehicle
configuration.

In keeping with the philosophy of Starcraft
Booslers, Int. to uiilize a5 much existing
technology as possible, StarCorg } combines
existing rocket stages in a new architecture.
This will enable the StarCors f when
launched by dual StarBoostar 200'=,
compete in the commercial GEO market by
taunching & metlric tons (13.200 [b.) and
greater sateflites to GTO. This size class and
orbil is considered to be the “sweei spot” in
the cumert space launch marke!. This vehicle
configurafion will be competitive with Anane
¥, Sea launch's Zenit-51 3, Prolon / Breeze,
and Allas fif. Additionally, SfarCore { could
deliver up o 2 metic tons (12,800 b,) of
carqo {o the infernalional Space Stekion (IS5}
and have residual propellants remaining in
Cenfaur to provide a significant reboost for

the completed station.

StarCore i

Once experiance is gained with SiarCore |
the next step is another logical extension of
present technology: StarCore 1. The
StarCore N wehicla is to be a partialiy
recoverable second stage, regaining the
value of re-use for the upper stage as the
system conlinues to evoive. StarCore I will
congist of a single SSMFE or RD-0720 engine
rmounted o & liquid oxygen tank “core” with
wo side-moundad hydrogen fugl tanks., The
payioad capabilty of SfarCore I with Dual
StarBooster 200's exceeds that of the Titan
v,

StarBird I

A  possible julure development beyond
StarCore | & If is to “crewed™ orpital vehicles,
buill an the same principles of cautious
advance using known technology. StarBird !
15 expected to utlize the basic StarBooster
shape and outer mold line, with a Space
Shutife Main Engine {SSME] or RD-0120 as
its main propulsion engine, fueled by two
ovar-the-wing hydrogen drop tanks and a
larga oxygen tank placed in the fuselage in
place of the Affas 1lf stage of StarBooster 200.
ls nose section would be a simple winged
crew transfer vehicta, which we tave dubbed
StarReturn, capable of carrying betwesn §
and 14 passengers, enough to avacuste IS8
In an emergancy.  With pra-planning, this
nosé section could be developed early by
MNASA and sent to the 185 by an expendable
launch wehicle to serve as the needed
standby IS5 Crew Relurn Vehicle [CRV).

Later, this same spacecraft wil become the
crew cabin of Starfird | and carry out normal
crew suppart and rofations for 155 when used
as an integral part of StarBird.  In nomal
operation as well as many emergency
situations, StarRetiwn would remain an
integral part of StarSind | for safe refurn to
Earth. But, should an unrecoverable
emergency arise dunng ascent, in orbif, or
during entry, a dedicaled rocket would
separate StarRefurn and propel i clear of
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hazards to land safaly downrange with the
crew and passengers.

Figure 5-12. StarCore § Vehicle with
StarBoostar 150,

A StarBooster f SfarSirg | combination would
launch verically, belly-to-helly, and both
stages will return via airplane-lype landings.
Only the SlarBird drop tanks will be
e¥pended. Qur long-range vision is o
pragenve these drop tanks, each the size of a
B-737 passenger cabin, in arbit for future in-
space applications for evolMlionary space
architecture developments.

Future Enhancements

Starcraft Boosters, Inc. is dedicated to
steadily mcreasing the capability of the
StarBooster, StarCore, and StarBird family.
As a resull, conceptual work has already
begun on the follow-an growth family of
vehicles. Soms of these configurations,
alluded o in previows sections, will be
cutlingd in further datail in follow-on work. At
this time, only a rough sksatch of these
possibilties 15 0 be provided.

StarBooster 750

StarBooster 750, as currently conceived, is
designed to house 680 tons (1.5 millicn
pounds) of oaygenfkarosene propellants and
has dimensions approximately 29% larger
than those of SlarBooster 350, or 56% larger

than those of StarBooster 200, The RPM for
SlarBopster 750 s expected o have a
diameler naar 18 foet {(4.8m) and will be
powered by eithar four or fiva RO-T80 rocket
engines, depending upon the oulcome of
fulure discussicns on the effectiveness of
"angine-out" capability {e.q., a spare rackel
snginal. StarBooster 750 would build an
experience Jerived frarm the StarBooskter 200
and may serve a5 a candidate for the Liguid
Prapeflant Flyback Boostar (LFBB) now
cantemplated for use with the present Space
Shuttie Orbrer and External Tank.

StarBird 11

StarBird Il is a growth version of StarBird |
that, wath StarBooster 750, may be able to
take & smell crew and significant cargo fo
LED, ar # used for passengers, perhaps as
many as 100 passengers per flight.  StarBird
il may use the mold line of StarBooster 750,
use liguid hydrogen and liquid oxygen as
propellants, and be powerad by four SSME's.
Again, the hydrogen is stored in external
tanks for flioh! safely and to achieve roughly
ha!f the size of 2 vehicle carrving hydrogen
fue! in the hody.

StarBooster Sub-Scale Vehicles

Subscale boosler vehiclas identifiad by future
work may prove to be a schedule and cost
savings measure for devetopment of the full
scale StarBoosfer vehicla, As they will have
boost capabiliies in  their own  right,
operational deployment of bath a smaller and
full-scate vehicle is a possibility. Future work
on these options is planned once authoritative
data on candidate hydrocarbon fuel stages
becomes available or is generatad.

Prospective Scenarios for Deployment

It s not possible for anyone lo accurately
define the fulure. However, “scenanos” of
potential  use for  ahy proposed major
invesimeant can be useful as more than mere
speculation. Thay can serve to clanfy design
raguiraments, broaden system enginsenng
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thought processes, improve the fidelily of cost
asfimates, ang aid in effectively
communicating attributes of the concept.

The StarBooster family is sufficiently versatle
that a number of alternative scenarios can be
farmulated, What follows is an illustration of
ohe possible saguence of employment of
SiarBooster over a time span of thirty years,
beginning shoriy after the turn of the ceniury,

Phase | begins with davelopmeant funded by a
combination of private capital, governmen!
conthbutions, and "risk-sharing” by
participating suppliers. Mumergus problems
are encountered and overcome along the
way.  After a span of three years from
program indtiation, gquabficaton flight tests
have been completed and three flight vehicles
are successfully delivered to the StarSooster
aeperator,  Marketing efforis begun midway
through developmant have acquired contracts
to daliver six communications satellites per
year for three years to GTO and to support an
equal number of LEC dalivenes. The upper
stages flown as SiarBooster payloads for
these missicns are confracted for and drawn
from stecks of surplus miltary missiles.

Flight operations now begin.  In parallel, an
entreprensur contracts for sefvices with the
operator of the SfarBoosters fest o offer
space flight to the general public, achieving
altitudes above 50 nve {93 k) aflitude b
well short of oriital flight, A sister ship to
StarBooster, using the same airframe, is fitted
with passengel and crew accommodations,
including view ports, and with a rocke!
propulsion system capable of maintaining tha
vehicle's allitude and wvelocily for the desired
15830 km range. This twih is launched by
StarBooster two to five times per year
teginning in year four.  With revenues from
commaercial fligh! aperations now available,
develocpment begins on a compantan vehicle,
a partially rewssable  upper  stage, to
significantly increase pavioad to orbit and to
trold firm or decrease the operating costs
produced by use of the stock of existing
missiles. These activities collectively are
identified 25 Phase |,

Phase Il then begine. As these Phase |
avants unfold, NASA has complated the initizl
phase of X-33 sub-orbital research flights,
Additional technology development
requirements indicates that further ressarch
will require extending the flight envelope
beyond Mach 12 limif of the vehicle when
ground launched. NASA confracts with the
StarBooster operator o provide  boost
services for the X-33 for six flights, with an
option for twelve maore, to achieve this majar
extension of its flight ahvelope and expand
the fruils of X-33 research.  Simiarly,
VanlureSfar  invesiors conclude  similar
augmentafion is required for the follow-on
SSTO, bath to caplure heavier payloads and
to provide larger dry mass allowances for
incorporating highly  desirable  design
refinements.

These activities lead to Phase I, augmented
human space flight, including ambitious
MASA plans for refurn to the Moon and
hurman expeditions to Mars.

lllustrative Scenarlo Phase 1

As a part of the davelopment pracess,
StarBoosfer is subjected to 2 rigorous {light
tast program. A dummy mass simulator of the
Zanit or Allas M first stage is installed in the
StarBoosfer airplane, along with a tatl cone
tar inittal flights, and the subsonic flight
envelope and handling characteristics are
fully explored using runway fakeoff under
turbofan power. A four-maonth delay in tasting
is encountered while modifications are made
to improva handling characteristics.

Gnoe the subsanic flight characterstics of
StarBooster have been confirmed by {light
fest o be acceptahle, including autonomous
cruise flight and landing, a series of solo
vertical flight lests bagin with vertical launch
from the operational launch platform. These
tests are rocket-powered by use of 2 partially
filed AMas WM or Zend first stage. Flight
characteristics to the Mach 850 heat sink
structural fimit are explored by scla fight
Techniguas are developed and proven by
flight fest for the posi-payload-separation
maneuvars, As tha final step of development,
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a sefies of three vertical flight tests of the
StarBooster Vehicle #1 are made with the full
Zenit or Atlas 1 stage installed at propsllant
loads of 70%, 85% and 100% of capacity.
For these missions, hon-propulsive payloads
are flown to simulate upper stages f payloads
and space i offered to the scientific and
commercial communities for wse of this
capability. Payload separation characteristics
are refinad and charactarized. Autonomous
return 1o launch site (RTLS} mansuvers and
crtise f tanding flight protacols are refined,

The initial operational application of
StarBoosier is fo provide reliable, low cost
detivery of four metnc ton (8,800 b, / 4,000
kg class communicatinons satellites and thair
apogae kick molors o GTO. These missions
criginate from the launch site where the upper
stages, surplus military missiles  using
hypergolic  propellants, have been safely
accommodated for & number of years.
Revanue from fhese flights enables the
StarBooster gperator to achieve positive cash
fiow and to subsequently generate surplus
revenue, some of which is returned o
investors and some applied fo highly focused
research ang development,

When the first operational SiarSooster flight
date 5 announced in the press, an
entreprenaur approaches tha  SfarBooster
operator with a proposition; He will support all
development costs for a passenger-carrying
derivative of the StarBooster aircraft that will
be StarBoosters payload. He will also
indemnily the manufacturer and operator for
developing and cperating a sysiem using
StarBooster 1o put 50 passengers into space
for landing 810 nmi {1500 km) downrange,
Ticket price is $1 milion, Six flighls per year
are quickly sold out for four yvears,

Meanwhiie, Starcraft Boosters, inc. has been
developing a partially reusable cryogenic
upper stage io replace the large military
launch vehicles for GTO satellite placemeant,
The SSME is selected as the vehicle's power
plant. It is recovered for reuse m a ballistic
entty body previously developed by Davis
Asrospace Company.

Site selection, negoliations with government
officials ai the selected sile, and facility
design permit, in year sight, moving some
aoperations with new {light vehiclas to a new
launch site favorably sitvated close 1o the
Equator. Paylead to GTC has now increased
to ten metric tons (22,600 Ib,, 7 10,000 ka).

Illustrative Scenarls Phase 1

MASA, always supportive of  space
commearciatization, has baan monitoring these
developments with great interest, NASA has
teen granted approval by Starcraft Boosters,
Inc, and the StarBooster aperator to place &
six-person liaison office at the headgquarers
of each firm. Thelr purpoze iz to make
available to these phvately funded initiatives
the lechnical and facility resources of the
Agency under a Coaperative Agresment, as
well as o gain firsi-hand insight into the
devalopment and fight experience. For all
practical purposes, they become members of
the  SlarBooster  development  leam.
Meanwhile, NASA and Lockheediartin
continue development of the X-33 and future
research aircraft,

A series of funded studies are performed to
determine the applicability of StarBooster to
MASA's needs. From these studies emerge
three initiatives: First, MASA conlracts with
the StarBoosfer aperator o make ten cargo
deliveries to the Intemational Space Station
{IS5). beginning at the rate of two per year in
yaar four of StarBooster operahons, with an
option for twenly additional flights in the out-
vears. Military launch vehicles used for GTO
flights, with the incorporation of modifications
to the third stage to meel requirements for
rendezvous with 155, provide the upper stage
functions for these missions.

Seacond, NASA contracts for six flights over
two wears with the X-33 as SiarBooster's
payioad, to more fully explore perdformance of
its aerospike engine over the fiight enveiopa
of the future VentuwreStar SSTO, Othar goals
are to confirn the wiility of the thermal
protection systemns planned for VentureStar,
and to entand its mission to LEOQ science and
technology experiments, Tha X-33 is thus
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transformed fram a ground-launched veahicle
limitad to Mach 12 flight into & vehicle with
arbital capability with tnstruments as pavioad.
Structural and propulsion system changes o
the X-33 are defined and implemented by
NASA to permit 2 series burn launch, For
these flights, the X-33 will remain gquiescent
until StarBooster burnout and separation.

Third, Lockhaed Martin and NASA decide that
VentureStar can be more useful if its payload
capability is increased by an augmentation
syslem for some portion of s missiong.
StarBooster is included as one of the several
candidate augmentation schemss  and
ultimately wins the competition e pravide this
sarvice for four VenlureStsr fiights per year
for ten years.

Mustrative Scenarlo Phase 1l

These developments lead to the invglvenent
of the Starcraft Booslers, Inc. engineering
staff in funded sfudies of large intemational
programs considering a refurn to the Moan
and for human exploration of Mars, both of
which are at this time under active review by
high levels of goverrment in the US, Europe,
Japan, Russia, Ukraine, China, India, and
others. There is now increased traffic into
space provided by the new siabla of lower
cost and mova réliable space launch vehicles,
incivding  SlarBooster and s companion
upper stages. Success with both the X-33
government-funded program and the low-cost
StarBooster pnvate venture promise  the
essential lower cosis for fulure access to
space.

Both the US Congress and the Administration
are now ready 10 hear serious proposals for
significant participation and leadership by the
United States in several space areas:

« Establishing a permanent human
presence on tha Moon.

« Deaveloping the water resource near the
Poles of the Moon into a large supply of
propellants that may be aasily placed info
space from the reduced gravity of the
lunar surface.

» Possible future human ventures to Mars
and its moons, possibly departing fraom
lunar orbit using the newly acquired
propellant supply from the Moo,

+ LEQ and MEC damonsiration of sub-scale
but operaticnal Space Fower Systems.

For these ventures an upgrading of space
fransporiation capabilibes s required.  First,
the Space Shufle will be replaced by a new
system  providing eguivalent or  beier
semices. VenlureSlar is still some years
away because of technology shortalls to
mandatory targels and difficullies in oblaining
the investment capital fo bring it into full
senvice. A TETO system using the fully
reusable StarBoosier as its first stage is given
the go-ghead. An Orbifar vehicla with intemal
oxygen and external hydrogen  tanks,
powsred by two or more advanced versions
of the S5ME is selected.  As it's drv weight is
less than half that of s predecessar, its
development i affordable. I will deliver
about 25 melric tons (55,040 (b, / 25,000 kg)
of net payload to LEQ, roughly equialent to
garlier capability.

For supporting the large missions to the Meon
and the much larger missions found needed
to explore Mars a significant Hasvy Lift
Launch Vehicls fHLLY) capability is required.
This is on the arder of 100 metric tons
{220,000 b} to LEO per flight, with stringent
launch cost ceilings 25 an imperative. A
growth wversion of Arane V and a system
proposed by a joint venture of Lockheed
Marin and the Rocketdyne Division of
Baeing, which makes use of modified Space
Shutle  External  Tarks, recoverable
advanced SS5MEs, and a new Rewusable
Upper Stage, compete for this role. Both of
these candidates and the growth Shuttle
vehicles select SlarBosstors for the boost
phase of flight.

With these prospects for increased flight
rates, Starcraft Boosters, Inc  funds
devalopment of a much improved and larger
second generation SlarBoosier, This vehicla
is named the StarBoostar 750
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Vehicle Family Summary

We beliave that the key to a bright future in
space ig lo begin the application of reusable
launch vehicles with the large booster stage:
StarBoostar. By following a conservative
path, making best use of existing assets, and
siZing systems that will assure accepiance in
the commercial marketplace, we believe that
the Slarbooster family is the best path toward
that future.

Should new technologites be proven which will
serve these needs in a superior manner, the
small  sequential sltep approach we
recommend for the SlarBposter / StarCore /
StarBind family can either adopt these new
technologies or be displaced by them with
minimal lass &l any time in the development
SEQUENCE.

When new technologias are praposed, their
advocates always cite thelr striking virtues. In
examining these proposed applicatons of
advanced technologies, the question must
aiways be asked: "Compared lo what?” We
propose fo define the “What”, which may be
achisved quickly and ecangmically with
today's technologies and end items.
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Part 6 - StarBoosterrehicle Overview

The purpose of this section is o provide the
resufls and explanatory notes for  the
configuration selection, weigh! estimation,
and performance  assessments of  the
StarBooster vehicle system. These estimates
are preliminary and sefve &% a progress
report for our comtinuing studies.

The SfarBooserVehlcle Concept

Our objective from the outset of this work was
to develop a highly reliable winged space
launch wvahicle eguipped with substantial
rocke! propulsion capability for providing
others {customers) with the wital “boost”
needed io make access to space sasier and
more affordable.  SlarBooster does not go
inte arbit; # enables ofhers o do so more
raliably and at a lower cost,

The path toward accomplishing this ebjective
quickly berame apparent - bufd  an
uncomplicated aircraff to house an existing,
fully inlagrated and proven rackea! stage.

The SlarBooster airplane it expected to be
the “backbone” af a new, evolwlionary Space
Transporation Architecture. The initial goal is
to develop either StarBooster 200, sized to
house an Affas /il first stage, or StarBooster
350 o house the frst stage of the Zenit
launch vehicle. The goal of StarBooster is (o
provide less expensive commercial space
launch  through the re-use of recoversd
tooster stages. In doing 50, i will &lso permit
post-flight  examination to  progressivaly
improve system reliability and demonsirate
the technolomes and operational features of
rausable boosters for fufure applications.

Flgure £-1. Starcraft Boosters, Inc. has developed a ganeric, versatile dalta-wing vehicls
configuratton that will be used for each member of the StazBoosfartamily.
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The StarBooster Airplane

As the booster rockel stage is now available
essentially "off-tha-shell”, new development is
focused on canverting, by use of tha aircrafi,
from gn expendable to 2 fully reusable rocket
vehicle. Thus, rather than attempling to
force-fit the rockel body with  wings,
empennage, landing gear, furbine engines,
and the olher items uniguely required for
aircraft flight, an early decision was made 1o
provide a fusalage to house the rocket De-
coupling the two elements reduces the design
complexity and changes necessary.

The second decision was to forego the
improvements i packaging and
aerodynamics  resulling  from  werizble
geometry and use a simpls, fixed straioht {(as
shown for StarBooster 350) or delta wing {as
now shown for SfarBooster 200). A straight
wihg, ¥ aerodynamic stability issues can be
satistactonly rasolved, may reduce
developrent, acquisiion and maintenancs
costs and aliminate numerous poatential failure
sites. To both enhance flight safely and
raduce cosks of maintaining whesls and
Brakes. the wing =mize was established to
permit fanding speeds less than 180 miles per
hour {300 k), rather than the 240 miles
per hour (400 kmdhr) of the Sosce Shutte
Orbitar Mo extensive Wit augmentation
davices are planned.

The third major design decision involved the
maans of safely handling the haat loads of
ascent and descent flight The heat sink
approach was used instead of the externally
applied tite and blanket concepts. The
principal rationale is that “soft goods" on the
vehicle exterior have been proven lo be &
major canfributor o the intense manpower
required to fiy the Space Shultle Crhiter. An
aluminum struclure, thickenad as necessary
to absorb the heat load withou! exceading its
300 fo 350 degree Fahrenhsit {150 to 175
degree Celsius) temparaiure limil, will provide
most of the thermnal protection.  Limited
application of lecalized high iemperature
metal pansls or ablative materials on leading

edges and on the nose may prove lo be
sconamic. A henefit of this approach is that
the thicker skin gages will permit an all-
wolded aluminum  siructure  without the
necessity of extensive, high precision 3-D skin
routing or chem-milling to provide “weld {ands"
and lowar weight. This is expected to be a
major step in reducing manufactuning costs,

Finally, a “dual keel” fusalage structure was
selected to permit flexibility in the plasermaent
of multiple hard points for belly-mounting a
variety of prospective paylgads, Such a
sfructure also will provide support for the
landing gear and the option of nose-mounting
tha twin turbofan angines.

Cumently, the SfarBooster vehicles do nol
have crew provisions except for eanly
horizontal flight test. it is the philosophy of
Starcraft Boosters o operate the cperational
StarBooster as a remotely piloted vehicte
RPVY with a significant degree of {light
control asfonomy by means of advanced
Commercial Ofthe-Shalf {COTS) an-board
guidance, navigation, and fligh! managemant
devicas,

Present indications are that the same ouler
mald line may be used for the SlarBooster
200 ang StarBird I, The same vehicle
configuration will be scaled up to address the
neads of the larger StarBooster 380 and its
growth  variants, which ingluda the
StarBooster 7540 and StarBird A The
following subsections provide a brief overyiew
of the different StarBooster family members.

StarBooster 200 Vahlcle Configuration

SiarBooster 200 has a body length of
approximately 131 feet {40 meters), body
diarmeter of 135 feet {4 melers) and a
wingspan near 66 fast (20 meters). it has,
without the A#fas i first slage, a dry mass
near TOOB0 pounds (31.5 metric tong),
mcluding a 30% dry mass margin, Two low
bypass ratic tutbo-fan engines to permit the
vahicle to cruise near Mach 0.5 {or the 240 tn
300 mile {400 to 50D K} return flighl. The
fuselage cavity accommodates the Abas
first stage, which haz a diameter of ten fest
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{3.05 mi. This propulsion module is known as
the Removable Propulsion Module, or REM.

StarBeoster 358 Vehicle Conflguration
StarBooster 350 accommodates the  first
stage of the Zeni! as its APM  The Zenit
vehicle has a diameter of 128 £ {39 m) and
amploys a single RD-170 engine.  Thus, the
dimensions  of SlarBooster 350 ame
approximately 28% larger than those of
StarBooster 2000 The StarBooster 350
aircraft is 145.7 ft {444 m) long and has 2
wingspan of 78.1 ft (23.8 m), providing 1,400
square feet {130 m% of wing area. The
atrcraft is 351 # {12.7 m) high an ifs landing
gear.

Table §-1. Comparison of the StarBoostar

_ 350 vehicle to a Boelng 737-40(.

SterBooster Boeing
358 aircraft ¢ 737400
Inert waight 750000bm . 73,470 Ibm
Landing 145,000 bm . 121,000 Ibm
waight
Yehicle 145 & 196 #
length
Wing span 7t a4 A
Wing area 400 sg. it | 980 sq. ft
| Cruise Mach 0.5t007 {0745
Landing = 150 knots < 137 knots
Engines Two Two
CFM-56-7 CFM-56-3C-1

The SrarSooaerPropulsion Module

After examining the technical and operational
histones of available rocket vehicles, B was
determined that the first stage of the
CIS/Boeing (Sea Launch) Zanit space launch
vehicle and the Lockhesd Martin Atas N
were most suited to our purposes. These
slages incorporate the most powerful LOg!
RP-1 rocket engines currantly in production,
the RD-170 and its smaller two chamber
derivaiive, tha RD-184.

Aflas I Expendable Launch Vehlcle
Ascent propulsion for the StarBoostar 200
wehicle is provided by the first stage of the
Lockheed Martin Atlas #f {formerly Alfas HAR)
launch vehicie. The Aflas §if is the latest
evalution in the highly successful Aflas seties
of launch vehicles derivad originally from the
Alfas ICBM. First taunch of this vehicle is
expected for late 1998 or early 2000,

The Aflas i first slage is powered by the RD-
184 LOo/Kerosene enqine, jointly developed
by Russian NPO Ensrgomash and Ametican
Pra! & Whitney. With its upgraded, single
LOfLH; RL-10 engine Cenfeur second stage,
the expendable A#as # can deliver paylpads
of 8,900 b, {4,040 kg) to GTO.

The Aflas i has a first stage length of 94.8 1.
{28.2 m) which fixes the length of the
StarBooster 200 's intemal fuselaga cavity.
The first stage has a diamster of 10.0-f1 (3.05
m}, plus protuberances.

The RD-180 engine has a mass of 11,200 |bh,
(5,380 kghr Taking that podion of the dry
{inert mass into account, the tofal stage dry
mass is estimated to he 26 500 (b, {12.000
kg). This produces sn sdmirable oropellant
mass fraction just over 0.83. This estmate far
dry mass is used in subsequant StarBoosier
200 performance caloutations.

In order to minimize the vehicle's dry mass
values {and produce higher propellant mass
fractions), the AMNas family of rochets has
traditionally used pressure stabilization in is
thin-walled stainless sieel propalfant tanks.
By maintaining & proper level of internal
prassurs at sl imes in the tanks, the resuiting
tensile force counteracts tank compressiva
and buckling loads due to both wehicle weight
and external forces.

Although the AMas family has been highly
successfil for ower 500 missions, soms
observers perennially object to its use of
pressure stabilization, since loss of internal
pressures may result in structural collapse.
They are paniculardly concerned with an
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efrecied, un-fusled vehicle with an expensive
payilcad sitting on the launch pad.

Partly in response to this concern, the Afas V
vehicle proposed for the EELY program will
usa  heavier, fhicker walled aluminum
propellant tanks that are capable of standing
without indernal prassure on the launch pad,
even i bigh winds, However, this strength
and security comes at the cost of increased
vehicle inert mass, which negatively impacts
performance,

For ground  handling, the internally
pressunizeg AHas and Cenlsur siages have
traditfonally been aMached o a ‘“strelch
fixture” which mechanically places the lank
sidewalls in tension. SiarBoostar 201 will use
a similar siralegy as an extra precaution for
integrating the Allas #f first stage with the
aireratt.  Fore and aft aftachmerds in the
StarBooster 200 aircraft will hold the stage in
place, react thiust and ofher lvads, and
rastora a tension lead if needad.

Zonit Expendable Launch Vehicle

The Zendl, introduced in 1985, is a hguid-
fusted launch wehicle that was the firgt
completely new Soviel rocket in 20 years.
Faollowing the breakup of the Soviel Unton,
the launch vehitle becamsa Ukraman due to
the location of its manufaciurers, KB
Yuzhnoye f PO Yuzhmash,

The RO-170 family of engines has seen
service in three programs.  The RD-170
powerad Zand fust stage first flew in 1985
when four were used as the liqud strap-on
boosters for the Energia hoavy lift {100 ton
payload class) vehicla. Four more were used
o boost the first Buran, the shan-lived
Russian Space Shufffe.  Producing 1.732
million pounds of thrust at lift-off, the RO-170
engine can launch a vehicle with a gross
mass of up to 1.4 million pounds, or 628
metric tons. As the Zendt firs! stage has a
gross weight of 381 tons, $2% of which s
axygen and kergsene propellants, 247 tohs
can be devoted to support both  the
StarBoostar aircraft, which houses the Zenit

stage for retum 1o the launch site, and its
pavicad, of "throw weight™ to end-of-boost.

The two-stages wversion, launched from
Batkonur, can deliver 30,300 b, {13,740 ka)
to LEC at 2 51.6° inclination.  The first stage
has a diameter of 12.8-ft (3.9 m) and a length
of 168 i {328 m). Of s 781,010 lb, {3542
tons) mass, 61,520 |b,, (279 tons) s dry
mass. This gives tha stage a propellant mass
fraction of 0.92

Recenfly, the Boeing-lad Sea Launch joint
verdure has svccessiully accomplished the
first and second launches of a new three
stage version of this vehicle, the Zeni#t-35L,
fram a movable-ficating platform in the Pacific
Ccoean. With the addition of a Russian Sflock
DM upper stage made by RSC Energia, this
2-stage vehicle is capable of placing 11.575
by §5,250 kg) into GTO.

Asrodynamic Configuration and Flight
Control

The purpose of StarBooster is to return the
booster stage 1o the launch site for reuse. Az
a result, careful attention to aerodynamic
dasign is regquired. The first imperative of this
asradynamic design is sundival. A reusable
booster with a high !oss rate is no bhargain,
The vehicle must survive ascent flight under
the thrust of fhe RD-170 or RD-180 engine,
as well as ascen! zerodynamic healing and
loads. It will also expenence maximum
dynamic pressure near Mach 1 with the
altendant complexities of pressure distribution
and airflow. During  supersontc  and
hyparsonic flight, it will experience varying
interference shock patterns. Vanations in
these palttéins depend on the size, location,
angd configuration of the payload carried as
well that differ over the broad range of ascent
Mach numbers. Wind tunnel testing io
supplerent CFD will be necessary to predict
asrodynamic loads.

Cnce ascent is complate, the pavicad must
separale gquickly and cleanly, with the
StarBooster loads remaining within structural
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bmits. By this point in the missioh, dynamic
prassure will have been greatly reduced but
will still be tangible; above 100 psf,

The mass of the payload at separation will
excead that of the now emply SlarBooster by

a factor of up to 3.5.1. Aerodvnamic control
mus! be established and maintained for this
critical manauvar, as hit forces will provide the
phncipal separation impetus.

Figure 6-2. Early configurations of the SfarBooster 350 vehicle (pictured} employed a tap
maounted straight wing with the air hreathing engines mounted In the nose.

Following  separation, the  unpowered
StarBooster will decelerata and climb o limit
downrange traval. In doing so, it will exit the
sensible atmosphere and must, for the first
time in the mission, establish and maintain
aftifude control through the use of small
reachon contral rocke! angines. As il is
crienfed and descends from high altitude, it
Seain enRcounters the atmosphere,
sxperiances the heat loads of entry, regains
effectivensss of the aerodynamic control
surfaces, huns at supersonic velocity to a
tieading for return to the landing site and
decelerates to subsonic velocity. AL the

highest permissible altitudse, approximately 8
km, both the nose cap covering the inlet duct
and the two turhotan exhaust duct covars are
retracted and the furbofan engines are air-
started. Descending cruisa flight at Mach 0.4
to 45 for abouwt one half hour brings the
aircraft to the landing patiem for touchdown at
near 308 misec (150 knots). Refurbishment
for re-use can thus begin within a few hours
of launch,

Wing loading for landing was chosen at 102
psf {500 kgim®) with a maximum It coefficient
of 1.4, Initizl estimates indicate that 430
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square feet (40 m%) of exposed forwarg
canard surface may be necessary for
subsonic flight. Further analysis is required to
balance the varied hypersonic and subsonic
aeradynamic requirements.

Sirnilarly, the tail volume must be critically
examined 1o assure that adeguate lateral
stabulity and control authority are available
throughout fhe aercdynamic fight regime.

The &t sechion or taits of all of the vehicles of
the SlarBoostor/StarBird  family  will be

equipped with "speed brake” surfaces and a
horizontal body flap control surface provided
for longitudinal axis {pitch} control.  All thres
of these surfaces may be deploved aft to
anhance thair avaiable conirol moments.
The “speed brakes™ may be differentially
extanded to increase directional {vaw) control,
These features are termed the Infeffigent A
Seclion™. A drogue parachute, mounted in a
pod on the top of the aft section, is included 1o
assist the brakes in brnging the atrcraft to a
stop after landing.

Figure §-3. Current dasign studies for the StarBooster 200 have shifted to a bottom-

mounted delta wing. Further analys!s is ragulred before a final configuration |s selscted.

StarBoosfer 200 Wing Design

MASA's Langley Research Cenler {LaRC} is
currently studying the StarBooster 200, The
StarBooster 200 mass estimate of September
18, 1808 indicated the following wing

characteristics: 1,157 square feet of reference
area pravided for a 13.5% thick delta wing of
aspact ratio 2.59. An ultimate safety factor of
1.4 was applieg to an expectad 2.5 normal
load factor. “Best cruise” lift-to-drag ratio was

I S
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asimated to be six at 15,000 fest altitude at
288 knots,

StarBoaster 350 Wing Design

The aspect ratio chosen for the fixad straight
wing is 4.3, with 2 taper ratic of 0.56 and a
fhickness rativ of 12% at the tip and 15% at
the root.  This configuration enables deep
spars that provide the load bearing capability
to accommodate the pull-up maneuver after
payload separation. This configuration also
enahbles large radius leading edges for
reduced entry heating. The wing is positionad
cn the body to provide positive subsonic
longitudinal  stability. Subsoniz LD s
eslimated fo be near 6.5:1.

Alr-Breathing Propulsion

The first guestion that must be asked
regarding ar-bweathing propulsion is: Cis it
required?”  The answer is not obvious, For
ascent fhoht, MASA studies have shown that
all-rackat propulsion is the superior choice.
For retum o the launch site, however, a
rumber of NASA studies have indicated that
‘nlide-back” o the launch sile is possible,
through  rajectory shaping, if burnout of
StarBposier is constrained to about Mach 3.
A gliding return trajectory would eliminate the
need for the heavy and expensive air
preathing propulsion subsystem. Similarly, f
taunch occurs with & landing site aveailable
saveral hundred hkilometers downrange, a
“straight in” gliding approach is possible.

However, an assessment of parametric
pedormance indicales the reguirement to
provigde staging up fo the heat sink limit,
above Mach 55. In that case, the poind at
which gliding decent reduces attitude to
ground level oecurs further downrange,
eliminating gliding ratum to launch site. i
gliding return is made o a site that is now the
appropriate distance downrange, the problem
then becomes the return of the vehicle to the
launch site for repeat flights. “Ferry kits™ have
teen proposed in which an  air-breathing
propulsion system is added fo the afreraft

post-landing and is removed before the next
rocket-powered ascent.

Another desire, although perhaps not an
absolute requirement, is that the aircraft be
able o "go arcund” from a missed approach
and of seif-ferry. These factors led to the
conservative choice to equip the SfarBooster
with a removable awr breathing propulsion
system mounted near the vehicle center-of-
gravity. In order to avoid unnecessary
program costs and fo avoid inert mass
represented by the air breathing propulsion
systemn and s fus!, cumrent plans are to not
require this system to be installed on missions
staging at Mach 3.3 and below. This issue
will need to be treated with some care in
foltow-an work,

Turbolan engines, rather than turbojels, were
tentatively selected 1o gain a lower rate of fuel
consumption.  This does, howewver, increase
frontal area and weight for the fan. Choosing
the proper bypass ratio must be addressed
with care in follow on work to produce an
optimum overall systermn. As cruising range is
limited to less than 200 naudical miles, higher
fuel consumption may be the lesser of the hwo
considerations.

The throst level was selected 1o provide a
thrust-to-waight rafio {TANY near that of
commercial aifliners, assunng good taksoff
and cruise performance. Tentatively, two
CFME6-7 series engines were selected for
StarBooster 350, produecing a2 sea  leve!
takeoff T/W of about 0.3, as comparad to the
R737-600 airiner T/AW of G318, 6.9 tons of
iat {fue! was provided, pemilting operation of
both engines at maximum sea fevel static
thrust for about one hour. More careful
review of trajectory anaiyses and fue! use in
cruising flight should reduca the quantity of
fuel required, which will reduce the inert mass
of StarBoostar.

Two engine locations have been considered.
The engines for the StarBooster 200 are
mounted on tha side of the fusalaga near the
center of gravify while for the SfarBooster 350
the angines are placed in the nose to offset
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the 26.000 b (11,808 kg) mass of the RD-170
rocket engine. The SfarBoostar 350 iutbofan
angine exhausts do not exit paralle! to the
longifudinal axis, but rathar 15 to 20 degrees
outboard, so differential throttle may be
amployed  during cruise and landing to
apgment lateral stability and confrol.  This
fhrust axis ofise! is necessary fo house the
twin engines in the nose without resorting fo
deployment mechanisms.  However, the
thrust axis offset has been found to reduce
affective thrust by 6% and prohitat singla
angine flight. With the short flight time and the
rafiability of curcen! airlinar engines such as
tha CF56, these penallies are considered
preferable to complex engine deployment
meachanisms or lail mounting of the enging,
which would exacerbate the already difficelt
problemn of properiy positioning the aimptane's
center-of-gravity.

StarBird | Vehicle Configurations

Present indications are that the same ouler
mold line may be wsed for the StarSird | and
StarBooster vehicles.  StarBird propefiants
are liquid oxygen and hiquid hydrogen used in
ong of two SSMEs. For flight safety and o
dramatically downsize the SfarBird vehicle flo
reduce its costs), the volatile and low-density
hydrogen is carried in above-wing external
tanks. These tanks can be left on orbit for
future applicabons but ara norinally disposed
of in the atmosphere prior o entry.  As
turhofan angines are not rayuired for StarBird
f. the engine ablachment points on the
fuselage sides of StarBooster 200 are used o
attach the hydrogen fank suppart trusses.

NearBivd § for single SkarBooster 158 lannch

Figure 6-4. StarBird [ vehlcle configuration

in &all cases, varable incidence canand
surfaces are provided to attain the proper
locations of center-of-pressure and center-of-
gravity far both hypersonic flight and subsonic
flight. For SfarBird i, these canards serve an
additional purposs in the case of StarReturn /
StarSind separation.

All personnel ara transported in the nosa
section of StarBirds. Mo payioad bay for
carrying passengers of cargo is provided. In
the event of an unmanageable evant on the
iaunch pad or during ascent flight, the nose
section may be separated from the remainder
of the wehicle. This is accomplished by a
separate rocket propulsion systemn, prowviding
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aboul 5 "g's” of acceleration for approximately
five seconds to acquire safe clearance from
the malfunctoning vehiclefsh.  The canarg
surfaces then become the wings of this
ermargency return craft, to perrmil safe entry
angd an emergency landing downrange.
Floatation bags are provided for assuring a
soft land landing and survival in the water for
an extended interval. The ferminal landing
system may be a parafoit systemn similar fo
that selected by NASA for the X-38 vahicle, to
decrease both wvertical (sink  rate) and
horizontal landing speeads 1o safe levels.

The aft section of 2l of the vehicles of the
StarBonsier / StarBird family will be equipped
with a horizontal body flap contral surface for
longitudingl axis {pitch) control and may have
two vertical "speed brake” surfaces. All three
of these surfaces may be deployed aft to
enhance their available control moments.
Alternatively, should the present dual taiffin
configuration be selected, the speed brake
functicn may be provided by thess surlaces.
The “speed hrakes" may be differentally
extended to increass directional {yaw} contrel,
These features are termed the Infaliigent Al
Seckion™ (IAS).

Aftitude Control Systems [ACE) are provided
fore and aft on all vehicles. In addition
StarBird | has an Ot Maneuvering
Propuision  System (OMS).  Battaries  will
supply electrical power for the SfarBooster
vehicles. Fuel cell power plants will be
required far StarBird I's longer flight duration.

StarBooster Subsystems

During powered ascen!, vehicle stability and
condrol will be maintained by gimballing the
main engine and, if reqguired, ulilizing tha
StarBoosters aero-surfaces. After shutdown
and separation, which occurs above 150,000
ft, the wehicle's Atitude Contral Systems
(ACS) will onent the wehicte, AGS thrusters
are provided fore and aft on 2l vehicles.

A number of advancements have heen made
recently in the area of "clean” ACS and OMS.

senCorp Aerojet has been developing a GO:2
{ ethangl attitude control system for the Kistler
¥-1 launch wvehicle. They also supplied the
302 { GH; ACS for the DC-X4A and the GOa f
gaseocus methane ACS for the X.33
demonstrator vehicle. in addition, Aerojet is
developing the 870 pound thrust LDy f ethano!
Orbital Maneuvering Engine for the K- upper
stage. Starcraft Boosters intends to employ
these new sysiems on the StarBoosfer and
StarBird wehicles to both improve system
performance (because of the higher specific
impulses} and  shoren the per  flight
operations costs resulting from the use of
environmentally friendly propellant
combinations.

Electrical power for the wehicles 15 o be
supplied by batteies. Fuel cell power plants
will be raguired jor the SfarBirds.

Systeam Intardependence

System and subsystem interdependence is to
be minimized. For example, the Zand first
stage systems will be used "as is" o the
maximum axtent possible to serve the needs
of ascent flight. Muost aircraft systems will be
activated only after the rocket has been shut
down, Design gimplicity is paramount. As a
design goal, for example, ascent flight control
will be provided antirely by gimballing the RD-
170 or RD-180 angine nozzles, The use of
aircraft contre! surfaces will be employed
during ascent flight only W persuasive
evidance proves that it is hecessary.

As ancther example, the StarBooster vehicles
will have electical energy supplied by
batteries, Separate battery packs, qne for the
Zenit or Aflas stage and one for the atrcraft,
will supply electrical power for the time #
lzkes (fifteen mirutes or less} the aircraft to
complete ascent flight, decalarate to subsonic
flight and have the lurbofan engines started.
Once the agir-breathing engines are operating,
engine-driven allernators  will  supply  all
aircraft power for the return flight of less than
one hour durafion, while the rocket stage will
continue {o draw upan its batltery pack for
maintaining its low draw health monitoring
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and data recording sub-systams during retum
flight,

Configuration changes to the rocke! siage are
to be minimized, with implemeantation of only
thase design changes found lo be absalutely
imperative for repeated use and for safe
ocperaticn.

Computer softwaré will, to the extent possible,
he maintained as separate enlities for the
rockat and the aircraft, with an overday of
rocke! vehicle outputs provided to the aircraft

for recording and for relaying telemsatry.
Maximum wse of existing software will be a
design goal. If the Zenif first stage now
draws upon the JZend upper stages or
instrument unit for support, then accomodations
will be provided for thase tems in the nose of
the aircraft. Zenit operational avtonomy will
be presarvad o the maximum  exient
possible.  Thorough assessment of each

configuration {o be flown with StarBooster will
be an operational imperative.

EtarBoosiar 200 Masa Proparties Summary Sapt, 10, 1955
Vahl|cle Mass
Numhar [GroupElemant Pounds | Xilcgrams
i Wing 6,737 3455
29  |Firs end Cararda 3410 1,546
5 Body 17,442 74910
4.5 [rduced Env. Prot. : 1,618 AL
50 Undercarriage 4,&14 2,002
80 Propulnton, main 0 b
74 Proputalon, RCS 1.82¢ Bib
a4 Prime Powar 1,134 514
0.0 |Elegtric convarsion 4,237 1,967
10 |Hydraulica : ¢ 0
120 (Comtrof surfacs actuators 1,256 363
136 |Awvionica 575 261
140  (Envirormartal contesd 2421 1,098
150 |Payload provisiona 3,500 1587
160 |Range salety 00 136
170  |Ballant 4 o
18.0 Au:[linwynqm 204 91
180 |Grawth allowd e 15,161 6,876
T |- EMPTY W OROWTH - | - SEEBE ] #7% |StarBooster Dnly wio Atfas or fluids
200 |Porsonnal [+ O
20 |Payload ap 260 12,723 (Atlas I MECC waight
2.0  |Propulsion, ARES 13,133 4,595
23.0 |ABES propellant 10, 182 4,698 [Additive to dry mass when raquired
240 |Residual & unusabis Nuids s 132 (va > Mack 3.3
250 |(Resorve fluida 50 2% T5EM Im wiABES
28.0 _ linflight loases 858 17
i T U ENTREWRIGHT - | 1M e
278 |Prapsilant, RCR 512 232
Xt  |Malnpropallants 400,700 181,723
S O T ) T
250 |Startup josses 5, 056 2, TaE
PR . RELMINCH GROSS |- SXNTY I N Mass Fraction = Wp excent/BLOW
MECD WEIGHT 116,843 53,054 MF = 0774
CRUISE WEIGHT Start 115845 oo e |
LANEED WEIGHT 106,023 43 443

Figure 6-5. StarBoosfar 200 Mass Proparties Ovarview,
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Inert Mazss Estimates and Comparisons

MASA's Lanpley Research Center has
developad detaited weight statements for the
StarBooster 200 wvehicle. A copy of this
weight staternent can be found in Appendix A,
A tap leve! summary of the weights has been
provided i Figure 6-5.

Performance pradictions for the StarBooster
380 are based on 2 1957 aestimate of aircraft
inert mass of 34 tons. This figure includes
twis CFAD5 turbofan engines and 6.2 tons of
jet fuel, but does mot including 34 tons for the
Zenit first stage, which would give a total of
88 tons. Future work will re-address this
matter,

12000

StarBooster 200 Performance

This section provides an overview of the
perdformance analysis work conducted on the
StarBoosfer 200 vehicle configuration. We
will present hoth our  initial  parametric
anaiyses a5 well as the results of recent
POST analyses,

Figure B-5 shows a parameatric analysis of
mass delivery o BECO for the StarBooster
200 it is important to nolice the low
sensitivity of StarBooster 200 performance o
dry weight of the aircraft. This, along with the
0% dry mass margin, provides additional
cerfainty of StarBooster fulfilling its mission
objectives.

StarBooster 200

11,000

10,604

=Rl

Adrcraft Mass {lom) _I

—— 60,500
-~ 70,000
—i— 20,000

ldeal Velocity at RECC
{faet per second)

A0 ¥

720

L0 LK 1 540,000

BECC Payload Mass

{lbm}

Figure 6-6. StarBocster 200 Parformance to BECC,
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Single StarBoostar 200 with Athena #

The StarBooster 200 7 Athena I configuration
has been parametrically analyzed. Figure 6.7
plots payload performance as a funclion of
systarmn  ideal wvelocity for a large range

{35.000 Ib to §5,000 Ib) of aircraft dry mass.
From this graph it is apparent that the
delivered pavicad i refatively insensitive to
aircraft weight growth. As mentioned earliar,
this assures safisfactory performance even if
dry mass greatly exceeds initia! estimates.

~ik- E5,000

40,000 : o i
....... | :
o 38000 [ EEl i o StarBooster Z0i
& Airgraft Mass (Ilbm)
i .
[
c b 05000 o= 45000
36000 -
(=]
£ | T N
%‘ == 55,600
o
T 34,000
=
=
[T}
= IR
E 320 __,_4':_..._..._..__.°....-._.,.. - -
o T T L .
a— C
20,000 b :
2,000 4,000 6,000 8,000 16,00 12 0100 14,000

Payload {{bm}

Figure 6-7. Single StarBooster 200 with Athena if ideal performance.

Dual StarBoostar 200 with Athena il

The second configuration of the StarBooster
system {o be reviewed here consists of two
SftarBooster 200's combinad with an Athena
fl.  This "Dual StarBooster” configuration
improves payload performance to almost five
and one-half hmes greater than that of Athena
#f alone, boosting performance to over ten
metnic tons (23,400 Ib, /13,600 kg) to LEC.
With the addition of a Star senes solid rocket
motor, payloads appreoaching four metric tons
{B,820 b, [ 4,000 ko) may be dalwverad o
GTQ. This is in the sama payicad class as the
Arigng IV, Aftas I, and Defta . This

capability can address §0% of the near term
comimercial GTO market,

Dual StarBooster 200's permit the delivery of
payicad ensembles of up to 368000 b,
{166,900 kqh o the staging velocity, Asin the
single StarBoposter case, even larger payload
ensambles are possible by off-loading some
of the propaliant.

Dual StarBooster 200's with StarCore |

StarBooster 200 /7 SterCore | trajectory
simulations have heen peardormed by NASA's
Langley Research Centar using the industry
standard POST simutation program. The
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results of these analyses can be viswed in the
following sechion {see SlarBooster 200 Flight
Profile). Langley's analyses indicate that the

Dual StarBooster

200 7 StarCore

f

configuration can place an 11.5 metric ton
f25 600 (b, / 11,610 ka) payload info LEQ,
cluding 8.3 metric tons {18,300 Ibg) of
propellart remaining in the Cepfaur stage.

The

ramaining propellant s suofficient to

circutarize a 3.3 mewies ton (7180 Iby,)
payload in GED. Alternatively, the Duaf
StarBposter 200 / SlarCore T configuration
ean  delivar 6.3 metric ton {14,000 by}
pavicads (i.e. communication salellite plus

apoges kick motar) to GTO.

In addition to a traditional chemical rocket

nsertion  sceERano,

the use of Elachic

Propulsion (EP} has been examined, In this

application, the dual

StarBooster 200 |

StarCore | systemn delivers 5.3 metric tons
{11,700 Ib. 7 5,310 kg) of payload 1o a highly
elliptical orbit, with apogee ahove 28,080 NM
{62,040 kmy and an inclination of 28° At
apogee insertion, the StarBooster system has
done its job. The two StarBooslers return {0
thair launch site from their staging for reuse,

while the upper stages are expended.

The communications satellite then uses its

on-board  storable  propefiant

propulsich

systern at apogee o establish a 24-hour
period othil, inclined at ¥ degrees, with

penapsis abova the Van Allan radiation belis.
From there, the high specific impulse
(gererally >»> 3000 sar Ispl electnc
proputsion  system slowly  adiusts  the
satellite’s orbit o GED in & spiraling
trajectory.  This method must take inlo
account increased gravity losses dus to very
large burn times involved with the low thrust
electric  engines., and an  increase  in
propellant tank size to hold the propeltants
consumed during orbital transfer. Considering
these factors, the communications satellite
net mass {dry mass plus station-keeping
propellants) increases to 3.7 metrnc tons
(8,150 Ibm).

Dual StarBooster 200 with StarBird ¢

fto he supplied by {uture work}

StarBooster 200 Flight Profile

MASA's Langley Research Center has dohe a
significant amount of work to define the
ascent profile and vehicle lpading conditions.
The following plois oraphically depict the
ascent profile of a Duaf StarBopster 200 /
StarCore | launch. The cntical launch events
are characterized in Table 5-2.

Takle 6-2. Critical StarBoostar 200 / StarCore § Launch Evants,

"~ Time Altitude Relative Veloclty | System Mass |
{seconds) {teat} {fps) {ihm)
CIgnition -2 0 0 1,343,400
Liftoff - G 6. |0 1,333,400
StarBooster 260 BECO Jl4s 2 146,440 2758 5324000 |
| Castor 120 #1 ignition 180 156,475 5.740 298,022
Castor 120 #1 Cutofl 233 287,256 &,000 190,676
Castor 120 #2 \gnition 233 287 256 8,000 | i7am2aT
Jettison Payload Fairing 286 | 325870 | 10070 138,538
| Castor 120 #2 Cutoff 215 431,800 16,380 £6,608
Centaur Igration 344 452 580 16,850 | &4 901
Centaur MECO 810 607814 | 24233 _ | 3844 |
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Figure 6-8. Dual StarBoostar 200 / StarCore | Ascent Profile
{Althtude vs Downrange Distance)

Tim+ from Liflof! {seconds}

Figure 6-9. Dual StarBoostar 280 / StarCore ! Ascent Proflle
{Altitude and Dynamlc Pressute vs Time)
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Fiqura 6-10. Dual StarBoostar 206/ StarCora | Ascant Proflle
{(Vehicie Thrust and Mass vs Time)
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Figure 6-11. Dual StarBooster 200 / StarCore | Ascent Proflie
{Axlal Accaleration vs Time)
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Figure €-12. Duatl StarBooster 200 / StarCore [ - SterBooster Return Profile
{Cownrange Distance vs, Altifude)

StarBoosfer 35{) Performance

Prior to 1987, a series of parametnic
performance anaiyses were conducted to
identify potential “payloads™ for  the
ESfarBopster 350 wehicle, which was
considered the “Baseling Configuration” at the
time. This section provides an overview of
the work that was conducted in an effort {0
highlight the hreadth of systern anmalysis that
was parformed. The following summarizes
our top-leve! findings of the StarBoosfer 350
perfarmance.

i. The StarBooster can provide belween 2.2
and 34 kmfsec. of velocity fo a complex
of upper stages and paylcads.

a. The upper bound obh “throw
weight” at the lowet velocity of 247
tons is detarmined by the thrust of
the RO-173 engine. Larger

2. Hy 250 .00

payloads may be  launched
providaed the payload stage engine
is used for fiftoff {iLe., parallal
Burnd. For the even larger
paylcads of the fulure, multiple
StarBoosters may be employed.

. The lower bound an throw weight

of 145 tons s to assure the
thermal load lmit for the “heat
sink" StarBoosfer is not exceeded.
Smaller payloads than these may
be flown, provided that only a
partial load of StarBovster
propellants is  provided andior
trajectory shaping is employed.

A large number of existing rocket
vehicles, when ground-launched,
have gross weights Detween these
boundaries.  Those vehicles will
be favored which avoid the use of
amine-based fuels and nitrogen
tetroxide oxidizer, both of which
are toxic and, fogether, self-
igniting. Vehicles wsing the more
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hazardous propellants are best
handled at facilifies equipped for
use of these propellanis, with
StarBoostar accommodated there
rather than at a new site.

2. Pedommance of the Star8ooster 350 is
insensitive o aireraft and fuel weight. An
increase of 25% in aircralt ineit mass
raduces “throw weight” mass less than ten
tons, or about 5%.  An increase of 50%
reduces throw weight by abouwt 15 tons, or
less than 10%.

3. Considering welocity lossas that ooour
during bhoost phase flight, the staging
Mach number can b approximated.
StarBooster 350 is dasigned =9
bumout will cecur betwaen the boundaries
of Mach 2.0 and 6.0, As a full load of
propellants is bumed m abouwt 132
seconds, and deceleration o subsonhic
velocity after payload separation is rapig,
dwell firne in tha high heating part of the
trajectory is limitad,  This permits the heat
sink thermal protection system o be used
for & small increase in structural weight.

StarBooster 350 Performance Estimates,
Methodology and Disclaimer

The parformance estimates that follow were
made using a2 "quick look™ Microsoft Excel
rouline applying the ideal rockat eguation.
Vahicle characteristics were largely taken
from the International Referance Guide fo
Space Launch Systems, AlAA, 2™ Edifion.
These estimales are fhus very preliminary
untll confirmed or altered by fulure numenic
integration ascent trajectory analyses using
more authoritative mass  properiies  and
asrodynamic dats.  Where possible, the
performance (net payload lo the selectad
destination orbt from the designated haunch
site) of each wvehicle was calculated {o an
ideal welocity that had been back-calgulated
from known payload, vehicle element mass
properties, and enmne spacific mpulse,
Performance emors resulting from errors and
cmissiong in {realing mass properties and
engine performance were thus at least partly

nullified. In the case of the Russian fkar
launch vehicle, “reverse engineenng” had 1o
be applied ta derive most of the stage mass
properties, as Russia had not yel releasad
thasa details on this relatively modern military
missile. This process has clearly increased
the uncertainty of the results.

Caonsequently, the payload numbers quoted
below are to be taken as indicators rather
than explicit claims, Based upon earlier work
by this author that have had the benslit of
foltowe-up lrajectory analyses, future work can
be expected o after these numbers by 5% to
109%, tutt not usoatly by 25% or mare.

Other gualifiers will also apply. Where the
calculations  suggest  an Ihcrease  in
performanca of an ewsling space launch
vahicla from the use of the StarBoosier, the
reality of this increase will be dependent upan
the vehicte stuctural and confrol properties.
For example, the Ceniaur upper stage of the
AMas and Ti#an series is himited to near the
present payload weight by compressive loads
and bending moments applied o the
pressure-siabilized propeiiant  tank  and
primary  struciure. Thus, large payload
Increases enabled by faunch of the vehicle by
SfarBooster cannoct be confirmad untl the
structural capabiliies  reguired for  such
incraases can be economically provided.

When addressing launch of the NASA X-33
and LockheadfMartin  VentureStar, the
availabitity of structural strong peinis for
attachment of the X-33 to StarBoostar will
Beconte an issue, The present design activity
does not, so far as is now known, include any
regquirement thaf it be mounted to another
vehicle.

In spite of these limitations, the paylpad data
given below is considerad to be the best
avaflable {in 1887} As the StarBooster
program progresses, predictions for payload
delivarad will improve,
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StarBoostar 350 with Zenit 3 Second and
Third Stages

The most olwious way of applying the
StarBooster 1s to use it in launching the GTO
payload with the other two stages of the
vehicle from which it was derived, the Zenif 3.
The basic expendable Zenit 3 is capahle of
placing 518 tons to GTO launched fram
Siakohur, With the added inert weight of the
StarBooster aircraft, a5 well as the jat fuel to
return o first siage to the launch site, and
added drag losses, degradation of this
payload is expected and inevitable.

In crder o guantify this loss, the ideal velocity
produced by the Zendt 3 with the sperified
payload was computed, with assumplions
ugad for flight performance resenves,
unavailable propeflants, etc. The result of
these assumplions and the calculation was fo
produce a total ideal velocity of 11,6 kmfsec.
This number meels first-order
“reasonableness lests”, so it was used as the
basis of estimating performance of the Zaai 3
second and third stages with StarBooster.
Also noted was that booster staging occurred
at an ideal welocity of 363 kmifsec. In
addiion, the thrust-to-mass ralio at second
stags gnition of tha RD-120 angine was 0.82,
lower than what might be desired for the
reduced staging velpeily,

Since the upper stages and paylead are
mounted to the belly of StarGooster rather
than nose-mounrted, additional aerodynamic
drag will be experienced in ascent flight when
compared o the expendable  Fenil,
Aerodynamic  analyses and wind  tunne!
tasting will be required to gain an authoriiative
value for this penalty. It was estimated, far
caleulation of GTO perfarmance of the Zand
stanes launched by StarBooster, that 200
mefers per second additional drag losses
were experienced.  Such losses would be
more than twice that of present Zenif drap
losses in ascent flight.

Praliminary performance predicted by these
ahalyses indicates a payload to GT0 of .56
fons, a loss of 30%. This is perhaps owvery
passimistic.  This payload may not be

adequate to caplure the  modemn
communications satelite paylcads, which now
begin near four tons.  Second stage ignition
fiow ocours at an wWea! welocity of 3.23
kmifsec. As the SlarBooster heat sink TPS
structure may not tolerate this high staging
valocity, off-loading booster propellant may be
required,

Because the StarBooster 350 /7 Zend
ensemble stages &t a lower aftitude and
valocity than its expeandable counterpad, the
Zenit second and third stages will encounter
greater gravily losses impacting payload
furfher. As a resuit, heavier and / or higher
performanecs upper stage combinations will be
reqguired o best utiblze the capabilites of
StarBooster 350 Various combinations of
additional Zenit upper stages were tried to no
avail, The low thrust of the second stage and
expected high costs of additional stages
make i unlkely fhese oplions will be
satisfactony.

StarBooster 350 with fhar

Thae fkar 2 launch vehicte was derived from
the S5-718 military ICBM. lkar 715 essantially
the mititary missile with the warhead replaced
by a payioad. fkar 2 replaces the small
storable 3" stage of the missite, which was
used for targeting MRV warheads, with the
largar third stage of the Tsyklon launch
vehicle, iiself derived from an ICBM. This
stage contains three tons of N;OAUDMH
propellants, has an mert mass of 1.6 tons,
and produces 317 seconds of wvacuum
specific impulse.

The Intematione! Reference Guide o Space
taunch Systems, AlAA, 2™ Edition, states
that the gross mass of fhe far 2 launch
vehicle is 212 9 fons, comparad to 114.9 tons
for the Zenit 3 without its first stage. This will
lzad to a lower StarBoosier staging vetocity,
remowving concems about heat sink limits.
Other infarmation provided includes payioad
capahility of 4.2 tons for fkar 1 to 400 km, 46
deagree circutar {not GTOY orhit, a vehicle
diameter of 3 m, langth of 39.2 m and launch
price of $6 to 8 milllons. Contacts between
Starcraft Boosters, Inc. and high-ranking

I Starcraft Boosiar. tne. Competition Sensitive £-18




STARBOOSTER

officials in Russta mdicate that hardware costs
can be negotiated down to $5 million each or
less. This price includes all three stages,
guidance and other avionics, and the
standard 2.7 meter diameter payload fairing.

As stage characleristics are nol available,
‘reverse  engineering” was  performad o
calculate the stage massez and engine
specific impulse values. Thess were then
applied, using the stated payload, to darive
the ideal velocity to low Earth orbit. Taking
into account the additional velocily required Lo
pgtablish the GTO orbit from LEQ, the
resuitant 11.6 kmisec ideal velocity was used
to the predict the GTO performance of tkar 2
with SfarBooster. The calculated payload
value of 45 tons is 77% that of the
axpendable Zenit I paylnad from Biakonur
and 118% that of the Deffa il This payload,
almost 10,000 Ibm, is considered adequate
for capturing a share of the communications
satellite market.

For this eonfiguration, staging velocity was
guite low, 2.02 kmisec, or below Mach 2.5
The StarBoostsr was flown with a S8%
capacity propellant lcad to gain adequate
thrust to weight at lifteff. This staging velocity
offers a bemgn entey shvironment and may be
idaal for beginning commercial  flight
operations.

Concern owver fkars abilty o take the
ncreased payload mass provided by
SlarBooster is allaviated by the observation
that the GTO payload is only 7% higher than
the LEC payload of fker 7. A continuing
concarn, however, is that this vehicle uses
MN.OJ/UDMH hypergolic propeliants which are
mora hazardous to the enwviranment and
persannel than are kerosene or hydrogen
propellants used in other rockets, Use of this
propellant combination as an inferim measure
may become g commercial necessily, but
early steps to replace it with less hazardous
propellants are highly desirable,

StarBooster 350 with Arlane
Ariane 5 now uses a par Europropulsion
P230 solid rocke! boosters {SRBs) Each

Booster weighs 265 tong, has an inerl mass of
35 tons and produces 273 seconds of
vacuum iy, The pair produce approximately
14% more fotal impulse than a smgle
StarBooster. Thae cryagenic Arane 5 core
stage is an outstanding modern design,
weighing 170 tons. housing 155 fons of
LOu{LH: propellants, and with a dry mass of
only 15 tons. The Adane & second stage
uses 9.7 tons of N204/MMH propeftants and
has & dry waight of 1.2 tons, with vacuum Iy,
of 324 sec. GTO payload is 8 to 8.8 tons,
depending upon whether gdual or single
payicads are flown,

ESA's Ariane 40 withoul SRBs may be a
candidate StarSooster 35{ upper stage rather
than lkar. Perlormance analysis is planned
tbut not yet completed for this configuration.
Since StarBooster 350 orovides a  tolal
impulse nearly equal to that of ten of ESA's
{40 liguid strap-on boosters, a significant
performance enhancement  beyond  the
present Arane 441 maxwimum of 4.8 tons can
be expacted.

Ta gain approval to launch StarBooster 350
with fkar 2 or Arnane 40 from Kourou, with
follow-on application to the ESA standard and
growth Ariane 5 vehicles, a catalyst is
needad. A future catastrophic failure of the
F230 SRB could be such & catalyst. With the
recent track record of segmented SRBs, the
prohability of such a {aiture may be high.

ARthough Mr. Bouwo Heydon of Arianespace
USA and Mr. lan Pryke, an ESA Washington
representative, have both been contacted
recently for data on Arane, the StarBooster
350 concept has not vet been brefed to them.

StarBooster 350 with other Space Launch
Vehicles

A number of other tnal runs were made with
other space launch wvehicles, including the
Lockhead/Martin Atherta #1. NO useful results
ftave yet been obtained. More  efior,
including trajectory shaping, use of partal
propellant ioads for StarBooster 350, and RD-
170 throttling may enahle a favorable match
with several additicnal candidate upper stage
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combinations.  More will emerge from new
work.

Cf particular interest may be those vehicles
usmg kerosane or hydrogen fuals rather than
fuels which are amina-based, Allas
derivatives must, of course, be considered,
These may not survive scrutiny because the
linited toad-carrying capability of the Centaur
stage slructure may negate the additional
payload capabilty gained by use of
StarBoosler. A second cfitaria may prove to
be aqually impartiant in ruling out this option:
the $104 million costs of Affas vehicles.

By leaving off all or part of its booster slage,
Sovwz, @ kerosene-fusled vehicle, may a
candidate for flight wilh SlarBooster 350
Each of the four strap-on boosier modutes of
Soyuz weighs approwimately 43 tons and
have 27 million Ibf-sec of tofal impuise.
Eliminating two boosters and adding a
SfarBooster would increase total mpulse by
more than 78%. Soyuz engings may reguire
extensive ground support equipmeant for safe
ignition. i this is so, this might be the first
occastion 1o use “parallgl bumn, in which both
SarBooster 350 and Soywz engines are
ignited on the launch pad, followed by
throtlling of the Soyuz boosters to conserve
thair propellants for use akter separation fram
StarBaoster 350. Parallel burn, as will be
sean later, is one growth path for
StarBonster’s continved apphcation over a
very long productive lfe. The use of multiple
boosters is the other.

Motable by its absence here is the use of
StarBooster 350 o launch the NASA Space
Shultfe, This application is of strong inferest
o NASA  and  will  require  careful
consideratinn.  Since two StarBooster 3508
provide only 80% of the iotal impulse of the
RSRY pair, 8 decrease in performance can
be expected.  The wingspan of three of the
preserd SfarBoostors exceeds the available
mounhing space around the Shullle Exlernal
Tardk without applying & shorter wing, “Twin
FZerit®  versions of  SterBoosfer 350
{ StarBoosier 700} are anothar possibility,

StarBooster 350 with StarCore 1

Thare will be strong molivation to replace
upper stages using aming fuals (UDMH, MMH
and mixtures) with ones using fuels which are
gaster {0 handle and easigr on  the
environment,

One possibility s to employ a parially
reusabla stage powered by a recoverable
SSME. Davis Aerospace Company paterted
such a vehicle, Consord, in 1388, i employed
& ballistic entry body to recover a single main
engine, along with gimbal drive actusators,
propulsion  system components, and some
stage avionics. A new expsndable tank, 5
maters in diamater and 31 meters long,
contained 186 tons of oxygen and hydrogen
prepellants. This tank employs rmodem
structural design angd fabrication techniques {o
achieve a low recurnng cost, far below the
cost-per-pound of the present Space Shullle
ET.

The Consorf concept has heen repackaged to
create the SfarCore ! vehicla. Analyses were
conducted wsing senes bum, rather than
parallel burn.  In this configuration the net
payioad to LEQ is 24 tans. Performance ¢an
be increased to 27 tons when advanced
vargions of the SSME are employed. The
SSMF does not have air-start capability at this
time and thus cannot use the series burn
approach. Acguiring this “air-start” capabilty
was studied by Rockeldyne {now a part of
Boeing} for NASA - Marshall and found 10 be
very expensive.  This ltopic mus! be re-
examined. The appreach of using a larger
tank, parallal burm version with a single
recoverable SSME for Russian
RO-0720) must also be reviewed.

The USAF EELV program may be ancthar
source for gaining more  suitable  upper
stages. Developments will have o be
watched carefully to delermine the optimum
path of departure from the initial surplus
misstle appraach employed by StarDooster
350.
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StarBoostar 350 for Space Tourlsm
ffo be supplied by future work)

StarBooster 350 with the NASA X-33
SterBopster 350 might be used to augment
the performance of the X-33 after its test
ohjactives have heen fulfilled. A caveat is
that the X-33, with its outer skin panels
suspendad from the propellant tanks and
innar structure on posts, does not appear o
have hard points that allow attaching the X-33
to the SisrBooster for launch, Management
approval to add thess provisions with their
“scar weight” to the X-33 may be quite difficult
io abtain, as the X-33 is a very mass-critical
vehicle.

A quick lock at the performance of the X-33/
StarBooster 350 combination indicates that a
payload of 2.5 tons could be delivered 1o an
Eastemn Test! Range (ETR) reference orbit,
More work on this prospective opportunity
may be required if NASA responds faverably
to this suggestion.

StarBooster 350 wlth the VentureStar
S5TO

If sach one of VenlureSlars ambitious
objectives for engine weight, engine
performance, airfframa weight, and efficiency
in fiying the ascent trajectory is fulfitted
pedormance of this vehicle is expecled to be
11.3 tons to the £S5 and 181 tons fo low
aftitude, due East launches Iom Kennedy
Space Center. There are at least two
raasohs for considertng boost augmentation
of this vehicle, as advocated by a recent
Asronattics and Astronautics arlicle by Dr.
Jamas Martin., The first reason is to gain
additional payvicad for those missions that
require it. The second reason is to provide a
pregram insurance policy.  Should the inert
mass of the VenlureSlar consumz the
available mass margin, any further growth will
deduct directly from payload. The predicted
payioad capability will be completely
consumed if the VentureSlar experiences
weight growth similar to that experienced in
other space programs. Present inerl mass

goals are negessarily very aggressive if S5TO
is to be achieved.

This situation is being addressed by others
using such means as attaching the payload to
a small propulsive stage and releasing it in
sub-orbit, in essence crealing a TSTS. This
techrique may be effective from a
performance  standpont,  but  consumes
pavload bay length as well as payload mass,
ang requires an additional guidance and
control system with its software {unless the
payload can be persuaded to guide dself)
Tiis technique also costs addibonal money,
and introdures a new set of problems for
raturn of the vehicle from a down-range
recovery site to the launch facilties, and may
therefore he of limited use.

Paraltel burn of VenivreStar with a singla
StarBooster 350 and two sub-scale versions
of StarBooster wers examined in 1957 to
addrass the problem of acquiring additional
paylcad andfor program insurance at the
putset of the mission, rather than near its end.
The RD-170 version yielded a staging velocity
of 2.2 krmisec. with 2 payload of 33 tons,
Versions with a smaller StarBooster 200,
powered by an RD-180 engine, resulls in a
staging ideal velocity of 2.0 kmfsec and
almost 24 tons of payload. Either of these
might become a welcome addilion to the
VentureStar fleet.

StarBocster 350 with the Space Shuttle
Data was abtained from NASA on the STS-88
mission, the first mission to 185 NASA
predicted that the lift capability {payload plus
management reserve) for STS-88 is 32,526
e (14,750 kg). Using this data, an ided!
velocity requirement to Crbidler main engine
culoff was catculated o be 30,960 fi/s {3,440
s,

Figure &-i3 shows estimated STS-88
peformance using twoe StarBooster 350°s in
placa of the RSRM's. Data series are shown
for various estimetes of atreraft dry mass from
65,600 b, (29,480 kg) to 105,000 [by, {47.620
kgy The higher aircraft masses are now
considerad (o be lkKely.
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For the dual StarBooster 3580 ! Space Shutlfe
configuration, an estimated additional velocity
loss of 260 fis (T8 mfs} was assumed to
accoun! for ncreased gravity losses due o
the lower Wfeff thrust-to-weight rafio and
increasad drag losses of the dual StarBooster

T00

350 configuration.  Taking this into account
alony with the predicted dry mass of the
aircraft, bft capacity was estimated to be just
betow 28 000 lbm {11,800 kg} of cargo to the
I85. This is a 20% loss in performance vs,
the cutrent Space Shufle.

~=o[ SlarBooster 150
oL Adrgraft Mass (ibm)

R aan -1 N b LT

(foat per second)

Flight Perfermance Reserva

% @ Y T T T T T B

% B % h B B % % B B B
Payigad {Ibm)

Figure §-13. Shuitle Performance with StarBooster 350,

StarBoostar 350 with & new Space Shuttle
Crblar

Recent NASA planning avents indicate that
today's Space Shulfe may continue 1o
operate unill the year 2030, This plan s
cleary driven by budget considerations and
the desire to maintam unbrokeh human space
flight in future years, This scenario may prove
to overestimate the remaining life of this
system, as it may be overcome by events,
aither favorable or unfavorable,  Showutd
national interest in human space flight be
ranewed, resources may become available to
replace this system with one employing more
modern technology.

Davis Aerospace Company developed for
MASA an Orbifer concept in 198344, based
upon work done for MASA by Mr Fred
Raymes and others of Grumman in the
1870s. The observation that the hydrogen

tank is aimost haif tha wvolume of vehides
housing this fue! internally, and that severe
safety problems anse m a return-to-taunch-
site (RTLS} abort with hydrogen aboard and
in providing a thorough inspection of these
tanks before re-flight led to consideration of
external mounting of expendable hydrogen
tanks.

High performance military aireraft and the X-
75 have for decades seen it o carry major
portions of their fuel supplies n extermat,
axpendable tanks, As liguid hydrogen has a
density requining eleven timas the volume per
unit mass of kerosens, much larger design
and operational incentives ewist for using
external hydrogen fuel tanks for space faunch
vahicies than have prompted aircraft
designers o use this cost-saving techhigue.

The new Orbiter wehicle using two above-
wing hydrogen tanks and two SSMES was
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found in the early 1890's to have an inert
mass of 47 tons including the two drop tanks,
caripng 410 tons of propellant,.  When
taunched in parallel with 2 single StarBooster
350, Weff mass was foung to ba 875 tons,
Staging was predicted at 2.3 kmfsec (near
Mach 3) with a payload capability {o the 1SS
of 24 tons carrying a 30% mass margn on
both vehicles.

StarBooster 350 with a new Heavy Lift
Launch Vehicle

There are numerous oppoiunities for using
the StarBoosfer to provide heavy lift launch
semvices. Possible core staga building blocks
may be the twin angine Ariane & growth cora
with two Vudcain engines, SSMER provided
with provisions for recovery and reuse with
propellant tanks from modified £Ts, Enangia,
growth versions of the H-Vehicle, the EELY,
or rnrew designs. Cne of the later
configurations axammined in the work reported
here was buaiit from  three StarBoosters
clustered around an  inline  expendable
Extarnal Tank with B39 fons, or 17% more
propetlant capacity than that used for today's
Space Shuftle. Launch was parallel burn,
with four current SSMEs mounted in the
Consorf dry recovery aniry bodies studied
angd tested in the eary 1990s by Davis
Asrospace Company. Mr. Peter Wihelm of
the Nawa! Research Labocatory recently
endorsed this recovery lachnique. A naw
feature of fius most recent HLLY work was the
addition of a new cryogenic propellant
Reusahle Uppar Stage (RUS), an early 1937
innovation of the Davis Aerospace Company.
Cetailed discussion of this upper stage
concept is beyond the scope of this report.

This RUS carries 34 tons of propellants, s
powered by ohe RLTOD engine, racovers the
artire stage except for its hydrogen tank, and
may be modified to provide excellent trans-
{urar transport and lunar landing vehicles.

Net payivad of the three SiarSooster HLLY
mdicated by early runs was 122 tons, but the
staging velocity was above StarBoosfer TPS
limits, Using two rather than three
SlarBoostars, or off-loading propellants will be

required, which will result in a decrease in
payload, What is important to note is that this
vehicle, as cthers using SfarBooster, is nol
sengifive lo airplane weight. Specilically, only
five percenrt of the payioad is lost if the
airplane and fuel weight doubla, This vehicle
recovers more than 70% of ifs inert mass for
reusa, including the high value elements.

Earher HLLV runs made using StarBooslers
without the benefit of the AUS were done but
witi not be reported here.  Without the RUS
interest in thesa resulls is minimal. The
benefits of staging have once again become
evident and may also provide for safer and
sasiar rendezvous and docking at the 155, as
well as for disposal of the sperd ET.

StarBooster 356 Perdormance Synopsis
The 1997 matertal presarted above should be
persuasive evidence of the capability and
varsatility of the StarBoosfer 350, using the
nraven Zend first stage. We do not ye! know
which of the many available paths will prove
to be the most effective for completing the
task of payload inseddion info the orbils of
interest.

If we davelop the StarBooster with suflicient
versatility and prove its capabilittes through a
successful flight test program, it will be a
major tachnical and fingncial trivmph. Others
will provide ideas, aggressive marketing and
upper stages. We believe that launch syslem
aperators  will compete for the right to
purchase of use them.

In summary, the perdormance analyses
indicate;

1. Performance of StarBooster 350 with
Zenit second and third stages is 3.56 tons
to GTO, 30% less than the sxpendable
Zanil.

2. Performanece with thar 2 is 4.5 lons, about
80% that of the expendable Zemd but
more than several compating systems.

3. Arfene 5 performance, flown with two
StarBoosters replacing the pair of F230
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sofid  rocket boosters, indicates a 14, Other wehicles, such as Soyuz with only
perforrance increase of almost 30%. two strap-on boosters, are prospeclive
Staging velooity is too high, howsaver, and candidates and will need review.

some off-loading of SiarBaooster will be
needsd, with doninished performance,
With planned Ariane S growth cores, usimng
two Vuicain engines, a better malch may
be obtained with two SfarBooster 380s.
The Ardans 40 vehicle is another
candidate SfarBocster 350 companion,

4, With 2 new partially reusable crypgenic
upper stage using a single recoverable
SSME and parallel bum, pavlead is 21
tons to the IS5 and 30 tons if two
StarBooster 3508 are used. Use of a “kick
stage” can increasa this performance and
ease proximity operations in the vicinity of
the IS5 by presenting a much smailer
arnvalope within these conftned quariars.

5. If the X-33 meets its objoctives, faunch
with a single StarBooster 350 can exlend
tts fiight envelope from Mach 15 fo low
arbit, delivering over two tons of paylead.

6. If the VentureStar SSTO is built and fulfills
s objectives, the use of a SfarBooster
350 to assist #s launch can approximately
double its payload andfor add to the
available ined mass margin,

7. A new external hydrogen tank Crbder with
Wi SSMEs can place 24 tons to IS5
using ane StarBooster 354 for liftoff,

8. Many aiternative configurations for the
Heavy Liff Launch Vehicls {HLLY} miay ba
provided when needed using twe, thrae or
four reusable StarBoostars, with payleads
to and heyond thosa of the Apolffo era
Saturn V.

4. Attractive  sub-scale  variants  of
StarBoostar using the RO-180 and RD-
195 derivative engines may be built, sifher
as substiules for or, more lkaly, as
predecessors of and companions 1o
StarBoosier.
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Part 7 - Conclusions

Starcraft Boosters, Inc. has explained s
ratinnale, outlined its approach and laid the
foundation for developing the SterBooster
tased space launch system. We believe that
the itow risk, high pavoff approach of
developing a new airplane to house and
recover an existing rocket booster stage does
two impeortant things.  First, it provides an
ideal first step an the road to reusability in the
convnercial arena, providing for repeated
inspection and refinament of both the rocket
propulsion module and the airplane. Secand,
tha ShyBooster approach represents a
program limited ko aircraft develepment and
systemn  integration — npol requinng the
development of an all-new rocket plane. As a
result, financial and technical risks have been
significantiy reduced lo increase the appeal
of the StarBooster system  for both
govarnment ang private sector investment.

This report has summatized the StarBooster
development legic and tha systems leve!
analysas that wore conducied in the process
of developing the current concepl. Some
refinement is regquired before a preliminary
design effort can be initialed. However, with
the aid of many pecple and organizations,
tncioding those of NASA's Langley Rasearch
Center, the StarBoosker system is laking
shape and the desigh is evolving lowards a
core family of vehicles that can address
commercial, military, and civil space taunch
nesds. These wehicles are bulll almost
enlirely {from existing components denvad
from presently operationa!l vehicles, As a
result, creating the StarBoosfer family is
largely an infegration effod, not a major
devalnpment program.

The StarBooster cordigurations discussed
fiere, which include the Affas i-powered
SlarBooster 200 and the Zeni-powered
SfarBooster 350, have applications oulside
the commercial markets. Thase vehicles are
versatite o the point that they can be adapted
to meet the medium to heawvy lift requirements

of NASA the Uniled States Air Foroe and
even those of the National Reconnaissanne
Cifice. Finally, SlarBoosler 350 can serve as
a liguid Fiyhack Booster demohstrator for
HASA and even serve a5 operational
reusable boosters on  Shullle  sebvicing
missions that require only 25008 Ib of
payload to /85 It should be noted that
25,000 b to 158 is eguivalent to the capability
of the proposed VentureStar vehicta,  Finally,
future derivatives of the StarBooster family
nave heen postutated tn this report to permil
cpen-ended growth for new applications.
Thase growth systems will require further
refinament by work to be dane in the future.

Starcraft Boosters belisves that the most
impoitant aspect in a development process is
to chart & course and begin the journey. Ve
helieve that devaloping the versalile low-cost
StarBooster airplane and ulilizing existing,
proven expendable booster stages will most
effiiciently vield a commercially viable space
launch system. Furthermore, wsa are
confidant that this vehicle wilt build a
knowladge base that can be used o axpand
our understanding of the design and
cperation of future reusable space launch
systems.
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Part 8 — Recommendations

The purpose of this section is to highlight
plans for future work as well as propose
nossible areas of synargy with NASA,

Future Technical Activities

The primary geoal of the StarSooster
DCesign Team is to {urther refine the system
concept.  For the StarBooster 200 vehicte
this will involve continuation of the dasign
waork currently beihg performed both in-
tiouse and by NASA's Langley Research
Center. The wehicle planform will be
analyred to locate the air-breathing engine
nacellas and solidify the aero-surface
cordiquration.  Vehicle weights will be
updated and fed into the POST 3-DOF
{Dagres of Fraedom) analyses fo refine
perfomance astimates and o identify any
vehicte fligh! control issues.  Subsysiem
schematics will be developed lo establish
the baseline for fulure weight and cost
analyses.

The StarBooster 350 configuration also
reguires more conceplual developmeant
and analysis. The first task will be io
develop a wehicle weigh! statement and
updata early perfformance eshmalas. Tha
second task will be lo modiy the basic
StarBooster planform to  address  the
unigue packaging reguirements of the
Zanit booster stage.

Cnece the vehicle concepts have reached &
sufficerd and egual level of fechnical
maturity, the StarBooster cost models will
be updated and the business mode!
revised.

Additional work will focus on  the
development and refinement of the vehicle
operations concepts.  In parallgl, top-level
Interface Control Documeants {(ICDs) will be
created to document the primary syslem

interfaces including: StarBooster 200 to
Alias 4 first =tage, SfarBooster 358 to
Zenit first stage, StarBooster vehicles to
Launch Faciliies, and StarBosster vehicles
to the upper stage ensembles.

Possibla Areas of Synergy

Considering  the current technical and
financial challenges encountered by the
Lockheed Martin YentwreSlar and Kistler
K-1 taunch vehicle devalopment programs,
it may be 2 long lime before a fully
reusable taunch system s available to
WASA ar the commercial markets. As a
resull, & parbally reusable system,
gspacizliy one that focuses on providing
reusable boosters, may be an ideal near
term  alternative. Starcraft Boosters
belioves that StarBooster, when operated
with cirrent ELVS {such as the Athena ff}
or near erm EELY's {such ag the Aflas V
ar Deita V) can provide NASA and othar
government agencies with highaer raliability
and lower cost access to orbit.

it is our apinion that it is in NASA's best
interest to anaiyze the cosl savings and
safely improvement capabilities of the
StarBooster system and to address how it
can fulfil MASA's future regquirements.
Because it is eardy in the SlarBooster
devalopment program, it is  relatively
inexpensive 1o incorporate  specific
cusiomer requirements. Onca  the
StarBooster systermn design evoives pasl
the Preliminary Design Phass, it will
become increastngly costy o adapt the
system 1o meet specific NASA needs.
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Near Term Engineering Efforts

+ Refing the SfarBooster 200 configuration concept.
o Continue design trades
o Devalop subsystem schematics
o Refine vehicle plan form
o Refing vehicle weights
o Update vehicle performance
+ Realing the StarBooster 350 configuration cancept
c Develop subsysiem schematics
a Refine vehicle plandorm — determing if engines are located forward or aft
o Develop vehicle weights
o DRevelop detaited vehicle parformance
Bevelop system cost model
Devetop and / or refing operations concept
« Establish preliminary ICDs batween the main companents:
o SlarBoostor 200 7 Allas I
StarBooster 356  Zanit
StarBooster Vehicles / Launch Facilities
StarBooster Vehicles f Upper Stages
StsrBooster Vehicles f Human Space Flight

Coo 20

FPossible Future Work with NASA

Phase ll Effort {continuation of this work) - November, 1995 and contlnuing

» Onperational Analyses - - flight, ground operations definitions & timelines, facilities
selection & interactions, preliminary definition of ground support equipment
{GSE)

= Initial StarBooster Setection - 200 vs, 350 vs. naw

s Prefirninary Design Statements of Work

» SfarBooster X" (sefected varsion) Prefiminary Design  {largely contracted)

Phase Hl Effort - Misslon Application Studies Jan. 2000- Dec. 2000

* F & & % F " ¥

StarBoaster Flight Test & Certification Pianning
StarBird Crew Cabin as NASA CRY

Low Earth Orbit & ton class

Low Earth Orbit 10 ton class

Low Earth Orbit — near-polar heavy lift
Geo-stationary Transfer Insertion 3 ton class
Geo-stationary Transfer Insertion & fon class
Geo-statipnary Circular Insertion 3 ton class
IS8 Senvicing and Ra-hoost
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Geo-stationary Circutar Insertion heavy class
Lunar & Planetary Missions

“X-Flana" Air Drop LDilization

Mildtary Mission applications (several)

Future Growth Paths

s SlsrBooster 750 Class (1.5 million Ibm of propeltant}
» StarBird If Class {(75-100 passenger Class)
» StarBocster 1500 Class (Space Power Demonstration) and related systems
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Part 9
Appendix A — StarBooster 200 Detailed Weight Statement
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