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57 ABSTRACT

A tlyback booster (200) comprising an aircraft (203) housing
a lannch vehicle stage as a removable rocket propulsion
medule (502) and scveral space launch vehicles nsing varia-
tions of the flyback booster (200) arc discloscd. This flyback
booster (200) {unctions as the first stage ol a mullislage
space launch vehicle, The stage used in the Qyback booster
{200) and the upper stages of the multistage space launch
vehicle (213) are selected to optimize the launch cost for a

specific payload.

1 Claim, 18 Drawing Sheets
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FLYBACK BOOSTER WITH REMOVABLE
ROCKET PROPULSION MODULE

RELATED APPLICATIONS

'This application claims the filing date of U.S. Provisicnal
Patent Applications Scr. No. §0/078,277, filed on Mar. 17,
1998, with respect to the inventions disclosed in the cited
provisional application.

TECHNICAL FILLDY

The present invention relates generally to an apparatus
used for aiding in the transport of payloads from the Larib’s
surface to outer spacc. Specifically, the prescnt invention
relates to a rcusable flyback booster that incorporates a
removable rockel propulsion module within an airframe.
Still more specilically, the presenl invenlion relales lo a
reusable llyback booster comprising an aircrzll, having air
hreathing engines and capable of landing on a runway, said
aircraft functionally enclosing a separate launch wvehicle
stage. The present invention may be uscd as the first stage of
a multistage launch vehicle. Thus the present invention also
relates to a comprehensive launch vehicle system architee-
ture wherein the stage used in the flyback booster and the
upper slages are selected o cost oplimize the mullisiage

launch vehicle for launch of a specific payload or class of -

payloads.
BACKGROUND ART

The present invention’s background art is generally found
in the art of space launch vehicles. Patents in this ficld of art
arc classified gencrally in intcrnational class B64G and in
US. class 244,

The invenlors idenlify the [ollowing background ari

because they believe il will be useful in understanding,

searching, and examining the invention. This invention lies
in an area of the technical arts where it really is necessary to
be a rocket scientist to understand the invention. The inven-
tors anticipate that thcy may be required to cxplam the
invention to persons who arc not technically trained, such as
administrators, jurists or judges. To aid in understanding the
present inventors lhey olfer: 1. an overview of information
on space launch vehicles, including some technical and cost
data on certain specific vehicles; 2. information on the
background art related to partially reusable launch systems
and 3. rclevant U.S. patents. Taken as a whole, this body of
information represents the current state of the art in launch
vehicle recoverable booslers, as the inventors know it al the
time ol their [iling ol this patent application. It alse illus-
trates the enormous complexity of this field of art, which is
currently in a dynamic period ot development.

Background of Space Launch Vehicles

Although sounding rockets may reach altitudes above the
atmosphere of the Earth, the term space launch vehicle is
applicd usually to those rocket boosters designed to place
satellites in orbit or to impart Earth-cscape velocity to
spacecrall.

By about 1950 the technology of rocket propulsion had
reached a level at which consideration ol a project 1o launch
an Larth satellite became feasible. Worldwide scientific
studies during the IGY of 195758 provided the basis for
funding. In 1955 both the United States and the Sovict
Union announced satellite programs as part of their national
ellorl in the IGY.

When Sputnik 1 and 2 were launched in 1957 the Sovict
Union rclcased no details of their launch vehicles, In May
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1958 Sputnik 3, weighing nearly 1,360 kilograms, was
launched. It was not until 1967 that the basic Soviet launch
vehicle was displayed. It was a 2%-stage vehicle of the “A”
scrics (in this case, “A-17): two stages with four drop-away
booster pods. Each booster pod conlained [our rockel
engines (lotaling 16) with propellant tankage, and the central
core had four engines. Propellants were liquid oxygen and
kerosene.

The United States launched its carly satellites with two
different vehicles, the Jupiter-C and Vanguard. Jupiter-C was
a modified Redstone liquid-propellant ballistic weapon of
medivm range o which were added more lankage length and
three upper stages of clustered solid-propellant rockets. The
medification was originally designed 1o achicve a velocity of
six kilometers per second to test a nose cone (reentry
vehicle). The desired velocily was obtained with two upper
stages, one a cluster of four solid-propellant rockets and the
other a single rocket. By increasing the final velocity 1.5
kilometers per second 1o the required 7.5 kilometers per
second, satellite velocity could be oblained {or a small
scicntific payload. The additional velocity was obtained by
adding another stage with a cluster of solid-propellant
rockets so that the upper stages consisted ot 11, three, and
iinally one rockel carrying a payload weighing 8.2 kilo-
grams. In 1954 the Army Ballistic Missile Agency and (he
Office of Naval Rescarch jointly proposed this scheme,
known as Project Orbiter, but a newly designed Vanguard
launch vehicle was selected. Failures in early atlempls (o
launch Vanguard, however, resulled in eventual approval of
the Projcct Orbiter approach. Thus the first U.S. satellite,
Lixplorer 1, was launched by a Jupiter-CC on Jan. 31, 1958,

The Vanguard launch vehicle was a three-stage boosier
approximately cqual in length (about 22 meters) to the
Jupiter-C but much lighter in takeoff weight (10,250 kilo-
grams compared 1o 29,000 kilograms). Vanguard launched
ifs [irst saiellite (1.4 kilograms) inlo high orbit on Mar, 17,
1958, Alier a lew more [ights, the Jupiter-C was retired in
1958 and the Vanguard in 1959,

During the 1960s the United States developed a series of
slandard launch vehicles. The Air Force modilied a Titan 11
mtercontinental ballistic missile (ICBM) for space launch
purposcs by strapping two solid-propellant booster rockets,
three meters in diameter, to the liquid-propellant core
vehicle, The Titan IIIC was used {or large military satelliles.
Then NASA incrcased performance of the obsolete Thor
intermediate-range ballistic missile (IRBM) by adding solid-
propellant boosters. A liquid oxygen/liquid hvdrogen upper
slage, Centaur, was used on obsolete Allas and Titan ICBMs
1o launch large spacecrafl.

The Saturn scrics of NASA launch vchicles was devel-
oped specifically for the Apollo lunar mission program. The
lwo operaiional Saturn models were the two-slage Saturn [B
and threc-stage Saturn V. The Saturn 1B was uscd for Earth
orbital developmental missions of Apollo, while the Saturn
V was employed for lunar missions. Saturn V stood 110.6
meters hish and weighed over 2,700,000 kilograms al
launch. It could place 104,000 kilograms in orbit and scnd
45,000 kilograms 10 cscape velocity.

l'or seme years the launching of spacecraft was limited to
the United States and the Soviel Union. The reason was thal
the carly rocket-powered launch vehicles were based on
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long-range bhallistic missiles, which only these countries had
developed. France was the third nation to lavnch z satellite
(1965), lollowed by Japan (1970), the People’s Republic of
China (1970), and the United Kingdom (1971). Under the
auspices of the European Space Agency (ESA), the nations
of Western Lurope developed the Ariane expendable
launcher during the 1970s 1o assure themselves of indepen-
dent launch capability. This action was taken, in part, in
response to the U.S. refusal to guarantee flights for com-
munications satellites that might compete with U.S. tele-
communicalions carriers. A three-slage vehicle that burns
storable and solid propcllants in its first two stages and
employs a cryogenic engine in its third, Ariane has become
a formidable competitor for commercial space launch
services, capluring about hall of the global markel. It is
capablc of launching two satellites of the U.S. Dclta class
(an Earth-orbit payload of 1,770 kilograms) at one time or
one Atlas-Centaur-class satellite (an Larth-orbit payload of
4,670 kilograms). With the new cryogenic propellant core,
Ariang is approaching payload weights that only the Shuttle
can handle.

Specific Launch Vehicles—Cost of Launch Vehicles

An important factor affecting space missicn cost is the
cost of launch vehicles. Many of the major launch vehicles
are designed 1o place payloads ol 1500-6000 kg inlo geo-
stationary transler orbit, at a typical cost ol $50M-150M.
Such launch performance is to little and costs are far oo
high for the low-cost missions satellite operators require.

Small Expendable Launchers

Many of the carly Western space launchers had, by 3¢

modern standards, very small payloads. The U.S. Vanguard
rocket could place 20 kg into LEO, whilst the French
Diamant and British Black Arrow both had LLEO capabilities
of approx 50 kg. From the mid-1960s onwards launcher
development concentrated on increasing payload weight, but
during the 1980s the growing intcrest in small satellite
development lead to a number of small and (relatively)
low-cost launchers being produced. A lurther source of
small launchers opened up in the lale 1980s with (he
decommissioning of many U.S. and former Soviet nuclear
missiles. Russia in particular has been keen to conveit
former military missiles into launchers which can be sold for
forcign currency.

Information on Existing and Proposed [.aunch
Vehicles

Unless otherwise specified LLO (Low Larth Orbit) and
polar orbit payload data are for a 100 nm orbit. LLEQ
performance is generally given for the lowcest inclination
achicvable from the vehicle’s main launch site. In some
cases, sources provide performance dala [or non-standard
orbils without explicitly saving so, This can inlroduce some
errors inlo the data lor less common vehicles.

GTO stands for Geostationary Transfer Orbit, and should
not be confused with GEO, Geostationary Earth Orbit. The
satellite or an attached apogee kick motor gencrally per-
[orms the impulse [rom GTO o0 GEO, so launch vehicles
often specify only GTO capability.

Price and performance data may vary. launch prices
depend on the spacceraft, currency cxchange rates, and
markct fluctuation. Payload depends on fairing and adapter
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selection. 'This data should be accurate enough to make
comparisons and conduc! preliminary analysis.

It 15 dificult (o [ind comprehensive dala {or some Russian
or Chinese systems since they were often sceret, and data on
the more obscure foreign launch systems doesn’t get pub-
lished very frequently. When data is available, sources
sometimes disagree, Therelore, reliability data {or a [ew
launchers may be out of date or inaccurate.

CURRENT LAUNCH VEHICLE DATA:
Vehicle | Payload kg (Ibs) | Reliability | Price
(nation) | LEQ Polar GTO | |

Arlanc Arlanc 4: 33/42 92 8%
(HSA)

AR 48900 3900 14900 $65 m
(10,800 (45807 (4190)

AR42P 6100 45800 2500 57 m
(13,400) (10,6007 (5730

AR44P 7725 3300 3000 $70 m
(17,000) (12,100} (6610

ARAZL 7400 5200 3200 $20 m
(16,300) (13,000)  (7050)

ARA4LE #300 6600 3700 $95 m
(18,300) (14,500)  (8160)

AR4AT, Q600 TI00 4200 $115 m
(21,1009 (16,9007 (9240)

*ARS 18,000 6920 00 5105 m
(29,6007 (15,224

[300nm]

The Ariane 4 series holds the largest markel share in the
international commercial launch market. Development is
funded by the European Space Ageney and lead by CNES,
the I'rench space agency. Arianespace conducts operations.
The vehicles launch from French Guiana in South America.
Ariane 5 was designed 1o launch mulliple large communi-
cations satellites for a lower cost than previous versions.
However, satellites have continued (o grow since he pro-
aram was started almost ten years ago. ‘Lhere is speculation
thai Ariane 5 will eventually be 1oo small (o launch (wo
satellites, but oo large to launch just one. Therefore, LSA
has approved a roughly $1-2 billion *Arianc 5 Evolution™
project to increase G'1'0 payload to about 7.4 tons in small
mcrements after to the year 2000.

Atlas 32/37 86.5% in last 10 venrs
(USA)

Atlas T 3380 4670 2250 $70 m
(12,300) (10,300) (4950}

Atlas II 6393 5400 20680 $75 m
(14,100) (11,200) (5900}

Atlas [IA 6760 5715 2810 85 m
(14,5007 (12,600) (6200)

Allas [IAS H390) 6H05 34490) $115 m
(18,5007 (15,000) (7700)

Adlas 15 the largest commercial launch vehicle in the U.S,
and is uscd frequently for commereial and military launches.
Starling in the summer ol 1995, Ailas was marketed joinily
with the Russian Proton vehicle by International 1.aunch
Services, a joint venture of Lockheed Marlin and Russian
aerospace companies. This ofters more flexibility for cus-
fomers.
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Vehicle | Payload kg (Ibs) | Reliability | Price Lockheed Launch Vehicle (Athina) 371 66%
(nation) | LEO Polar GTO | [ . (.8
Delta 48149 989 in lasl 10 years Alhina ] TS 515 — 516 m
(USA) (1,755) (1714101)
Athina 2 1,983 1490 393 $22m
el Tite 1985 1310 60 ~§25 m (4,835 (3,145 (13085)
wio SSRM (4363) (3320 (1450) Athina 3 3,655 2.855 1.136 527 m
Dela Lite 2610 2030 360 ~$23 m 10 (%.060) (6,295) (2,500
wi 85RM {5740) (4463) (1890
Delta 7925 5045 3.830 1,820 350 m
(11,100) (8,420 (4000) ‘The first light ot the 1.1.¥-1 (now called Athina 1) failed
during the summer of 1995 when the vehicle began pitching
The Delta launch vehicle family is built and marketed by |5 0ul of control. Fortunatcly, the vehicle had a good order
McDonnell Douglas (now Boeing). The Delta Il has proved book for such a new vchicle, including NASA’s Lewis and
reliable, bul is (oo small for most geosynchronous satellites. Clark satellites, and the Lunar Prospector mission. Therefore
Therelore, McDonnell Douglas is developing the Delta II0, the LLV overcame this inilial setback.
with a much larger payload. Hughes has purchascd 10
launches for its satcllitcs. New Delta versions were also
designed for NASA’s Med-l.ite contract, which sought ~
launch vehicles between the size of small launchers like Vehicls | Payload kg (Ihs) | Reliabilily | Price
Pegasus, and the Della I, which was the smallest of (he large (nation) | LHO Polar GIO | |
launchers. The smaller Della versions will be used for [uture Peansus/Tourvs  7/9 77%
Mars missions, among other things e (USA)
Pegasus XL 455 365 123 02 5135 m
(1,000 (800 (273
Vehicle | Payload kg (Ibs) | Reliability | Price Tauius ],"450 3-‘18[.) 75 14 $15 m
(nation) | LHO Polar GTO | (3.200) 2600y (830)
Hseties 12412 100% 3
(Japan) Pegasus was the [irst new American vehicle in more than
» ) ] a decade, and deserves some credil {or restarting the inferest
H-2 10,500 6600 4000 33 $160 m o e R o .
(23.000]  (14500)  (5500) i :?rnall balt:}hlcb, Pegabus isa bma'll, all bohd'rockel vehlcllt:
buili by Orbital Sciences Corporation. The winged rocket is
35 Jaunched from beneath the company’s 1.1011 aircraft. The
The H-2 is the first Japanese launch vehicle to be entirely  griginal Pegasus configuration is being phascd out, in favar
developed domestically. Previous _N series and -1 vehicles of the Pegasus XL (Extended Length). The first two Pegasus
used Della componcnls, The H-2 is designed to carry hc:dv.y XL Qights were [ailures.
payloads to orbit and has worked well so far. However, it is . . '
unlikely to be commercially attractive in the near future, due an TEIUI'US was df;\ft:loped to mt:cl.mlhlzlry requirements for
fo high costs and low flight rates. NASIDA hopes to cut costs rapid launch of small spacecrail. ‘Il consisls of Pegasus
by as much as 50% by the turn of the century, in part by slages mounted atop a Castor 120 [irsi slage.
simplifying the design and including some forcign compo-
nenis. The H-2 is the cornerstone ol NASDA’s plans lor
increasing aclivities in space, including eventual human as Proton 06,103 03.29% in lagt 10 vears
IMISSIONS. (Russia) ’
Proton 20,000 5,500 $65 m
(44,100) (12,200)
Kosmios 371377 08.4%
(Russia) st . . - .
Proton is the heavy lift workhorse of the former Soviet
Kosmos [400 km circular arbit] $2s launch stable. It is being marketed in the west by Interna-
;i i:g::::f:::' :g tional Launch Scrvices, a joint venture between Krunichev
Do T and Lockheed Martin, ILS also offers the Allas. Russia is
55 ¢urrently limited (o ofering prices within 7.5% ol weslern
Kosmos (also spelled Cosmos) is a Russian vehicle com- prices and the number of GLO launches is limited to 8
parable in size to the American OSC Taurus launch vehicle. before the vear 2000. Ilowever, there is speculation that
Following back to back failures of the Pegasus X[, LLL.V. and these restrictions may be abandoned as Russian launches
Concstoga in the summer and fall of 1995, Kosmos attracted become mere commercialized. ILS has twelve western con-
attention in the United States as an alternative launcher with 60 tracts for Proton launches, starting i 1996 with an Astra
a more reliable history. Several companies have worked out satellite for Sociele Europeenne de Satellites of Luxem-
joinl agreements with the manulacturer, Polyol. Assured bourg. Proton is also scheduled (o play an imporiant role in
Space Access appears to he the current favorite, although launching space station components. Kranichev plans to
other companies have also been involved. l'inal Analysis offer new upper stages for Proton, including the storable
Inc. has reserved a number of launches tor its own use and 45 propellant Breeze-M upper stage in 1998 and the OIISM

is markcting extra payload space on those launches, Kosmos
has reached orbit at least 389 times.

cryogenic stage a fow years later, Proton will put 3.2 tons in
GEQ with Breeze-M and 4.5 tons with OHSM. Current
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GEO capability s about 2.6 tons with the Block 1) upper
stage. In addition to these technical changes. IL.S is consid-
ering conducting Proton launches [rom Cupe Canaveral, or
siles in Australia or Brazil. Launching closer to the equaior
would incrcase performance.

Shavil 33 100%
[Istael)

160
(330)

Shavit 322 m

Shavit is Isracl’s first, and so far only, launch vehicle. It
is derived from the Jericho [T ballistic missile. [srael Aircraft
Industries is developing a more advanced version with an
added stage, which would be called “Nex(.” The payload of
the new vehicle would be slighily higher than Pegasus, and
a cost of 515 million has been suggested. Commcreialization
is desired because Isracli missions number less than onc a
year and have limited government support. In order to avoid
dropping spent stages on Arab neighbors, Israel launches
wesl over the Medilerranean, decreasing the vehicle's per-
[ormance signilicantly.

Vehicle | Payload kg (Ibs) | Reliability | Price
(nation) | LEO Polar GTO | [

Titan 26/30 86.7% in last 10 vears
(U5A)

Titan I 1,905 $43 m

(4,200)
Titan [V/ 17,700 14,100 6,350 1311 $315 m=$360 m
SRM (39,000) (31,100) (14.000)
Titan 1V/ 21,64 18,600 4,620 00 $300 m
SIMLU (47,7000 (41,000) (19,000)

Titan IT vehicles are lelt over ballistic missiles (hal have
been refurbished [or space launch, They are used for polar
orbiting Earth obsecrvation systems. It was a Titan I that
launched Clementine. Titan IV is uscd mainly for large
military pavloads, including Milstar communications space-
craft and classified intelligence platforms. A'Titan I'V is also
booked to launch NASA’s Cassini mission to Saturn. Noie
thal because all Titan IV launches are government missions,
and most are classificd, prices arc subject to debate.

Zenit 32725 Sd%

[Russia)
Zenit 13,740 11,380 4300 %005 m
(30,300) (25,000 (94803

Zenit is the newest of the large former Sovict vehicles,
having come online in 1985. It suffered three consecutive
failures between 1990 and 1992. NPO Yuznoye manufac-
{ures Zenits in Ukraine. Boeing has 4 joint venture with NPO
Yuznoye and the Norwegian marine engineering company
Kvacmer to launch Zenits from a modificd oil platfornt. Duc
(o the lower launch site latitude and a new upper stage from
RSC Energia, performance will increase. Paylead o GTO
will increase to about 5400 kg. Payload to T.LXO will be about
13.000 kg.

X-34 (United States)

X-34 15 a scmi-reusable vehicle. Its development was

funded in part by a 870 million contract with NASA. OSC,
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which spent a total of §100 million on the project, manage
the preject. Plans are for the vehicle 1o be carried atop a
NASA 747 shuttle transporter and launched at altitude. The
vehicle would reach roughly half of orbital velocity and
eject a satellile with an expendable upper stage (o reach
orbil, Estimated price 15 around $4 million per launch.
EELV—Evolved Expendable Launch Vehicle (United
States)

The U.S. Air Force has the responsibility {or [unding
development of U.S. government L1V programs; LELYV is
their answer. The Air lorce has provided about $1 billion to
Boeing and Lockhecd Martin cach of them 1o develop a new
launch vchicle that can launch all military spacceraft.
Theoretically, the consolidation would mean high {light rates
for these two launch vehicle types, thus lowering unil cosls,
These fwo vehicles are currently under aclive development.

A mumber of small space launch vehicles that could be
uscd with the present invention arc in planning and devel-
opment. These include:

LSA/CNLS Small Launchers (Furope)

ESA and the French space agency CNES have considered
all manner ol small launchers, be they solid or liquid, air
launched or ground launched. Proposals have included
derivatives ot Ariane, various national missile programs, or
Russian vehicles like Soyuz. 'The current study project is the
Luropean Small Launcher (LiS1.), an all solid vehicle which
could launch one ten into a 700 km sun-synchronous orbit
for $20 million.

[talian Small Launchers (ltaly)

A variety ol small launch vehicles have been studied and
lesled by the Italian space agency, Universily ol Rome, and
[talian aerospace firms. Generally the vehicles are derived
from Scout components, since Italy has experience launch-
imng Scout rockets trom their San Marco platform off the
coast of Kenya. Varicus projects have gone by the namcs
Vega, Zefiro, San Marco Scout, Advanced Scout, cic.
Kisiler K-1 (United States)

Kistler is an aerospace company, which is using private
funds to develop an all reusable, two stage small launch
vehicle. Tests of hardware for the K-0, a subscale engincer-
ing tcst vehicle, have been conducted. The Kistler fleet
would include the K-1, with a pavload of 2000 pounds Lo
LEOQO slariing around the furn ol the century, and the K-2
which would carry 6000 pounds a starting a few years later.
Liventually, Kistler would like to build the K-3, which could
launch 20,000 1bs. 'The company is releasing little public
mtormation, and management and engincering shakcups
have been occurring, which could affect the design and
{imeline lor the {leel, For more mformation, see the Kistler
homepage at hip:/Awww.newspace.com/Indusiry/Kistler/
home.html.

PacAstro (United States)

PacAsiro now has at lcast three contracts;, customecrs
imclude KITecom of Australia which plans to launch satellites
similar 1o Orbeomm, and the Swedish Space Corp, Much of
the technology will be developed under contract with U.S.
Air Force for a sounding rocket dubbed PA-X. 'The PA-2
would carry 340 kg (750 1bs) 10 LEO or 225 kg (500 1hs) to
a polar orbit for $6 million dollars
Rockot (Russia/(Germany)

Rokot is a three stage liquid propellant launch syslem
developed in Russia and funded in part by German compa-
nies. Burockot launch Services Gmbll will market it.
Rockot is derived from the 85-19 ICBM with an additional
upper stage, and should be able to put about 1800 kg into
low orbits.
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Russian Small Launchers (Russia):

A large number of new small launch vehicles are being
designed in Russia. They are usually derived [tom ICBMs or
SLBMs. They include:

Riksha-1: Under development at NPO Lnergomash, io

Taunch 1.7 tons to 1.LEO for $10 million.
Swrf: Sca-launched vehicle derived from the SSN-23 and
SSN-20 submarinc ballistic missiles.
Space Clipper: Air launched version of §8-24. This is a
Ukraine venture. The manufacturer is NPO Yuzhone.
Scagull (Russia/Australia)

Russian organizations and the Ausiralian Space Olfice are
discussing a project o co-produce o liquid-fueled space
launcher with a capacity of about one ton into low orhit. 'The
vehicle would be a new design, though it would use a
number of cxisting components. Launch would take place
cither from Woomera or a sitc on the northeast coast of
Australia.

VLS (Brazil)

The VLS has been a long standing goal ol the Agencia
Espacial Brasileria and a major part of the Brazilian Com-
plete Space Misson (MLECR). The launcher is derived from
the Sonda I'V sounding rocket and is currently designed to
put 185 kg into a 750 km orbit.

Reusable Launchers

A frequently-proposed solution to the high cost ol access
o space 1s the development of reusable launch vehicles, Tt
has often been pointed out that it aircratt were built for every
flight and scrapped thereafter, then air travel would be as
cxpensive as space launch. Unfortunately the cconontic as
well as technical challenges involved in building a reusable
launch vehicle (RLV) are considerable, as is evident from
the continued use ol expendable launchers some 40 years
alter the launch of the [irst artificial satellite. The ome

operational launch vehicle with any degree of reusability the 3s

U.5. Space Shuttle, is as expensive to operate in terms of
$ke o TLEO as most expendable launchers and requires a
large support operation to refurbish cach Orbiter after flight.
The main difficulty with building a fully rcusable launch
vehicle, particularly one which is a single unil, is thai of
achieving orbital velocity (9,500 m/s including drag and
gravity losses) without using disposable stages or tanks.

“Isp” the abbreviation for is a quantity known as the
specific impulse of the particular propellant combination and
rocket cngine being uscd. Specific impulse is measured in
units of pounds force per pounds mass per sccond, fre-
quently shortened to “seconds™. Commonly used propeilants
have values of Isp between 260s and 450s; (0 achieve a final
velocity of 9,100 m/s with them would require a mass ratio
of 8 to 35. Mass ratios much above 7.3 are very difficuli to
achieve, especially with any significant payload, using those
propellants with sufficiently high Isp to allow lower mass
ratios: liguid hydrogen as a fucl is low-density, lcading to
dillicully in building large tankage while mainlaining the
required mass ratio. Also, to maintain a reasonsble level of
acceleration at lift off, a launcher must carry heavy rocket
engines that significantly vary its thrust during its burn.
Expendable launchers drop off structure such as empty tanks
and the large engines nccded for takeoff, thus maintaining
their cffective mass ratio and lowering thrust throughout
Night. Building an RLV as a single unit is thus an exceed-
ingly dilicull proposition.

In recent years, advances in materials technology have
given rise to the hope that it may be barely possible to build
a single-stage-to-orbit (S8T0)) RLV. By using strong but
light matcrials such as composites and advanced alloys it
may be possible to build a vehicle light cnough in relation
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to ifs size that it’s mass ratio is high enough to achieve orbit
with a uscful paylead. The NASA/Lockhced-Martin X-33 is
being built as a technology demenstrator for such a vehicle,
and should carry out suborbital flights in latc 1999 or 2000.
It is hoped by NASA that such work will lead o the
commereial development of operational SSTO-RLVs within
the next 10) years. An objective ot such research is to develop
an RLV that can be refurbished between flights with little
more than the routine scrvicing requircd by conventional
aircraft. Progress was made 1n this arca by the McDonnell-
Dounglas DC-X/XA before it was lost in a flight aceident,
with successful demonsiration of rapid wmaround by a
small Might crew. I it is suceessiul, this research could lead
to an RIV that can fly at short notice (under a week) to
deliver fo orbit a pavload at relatively low cost (under
$1000/kg 1o LEO). Such a vechicle would be ideal as a
launcher for rapid-response missions, as it would make it
fcasible to procure a dedicated launch into a specific parking
orbil al short notice and at reasonable cost. However, as
mentioned, il is unlikely that such a vehicle will enler
operational service before 2007, with 2010-2015 or hevond
being more likely. As such, whilst the launch of rapid-
response missions is likely to become a much casicr propo-
sition with the development of SSTO-RLVs, this will not
happen in the near future. Very low payload fractions and
high risk and development cosls of SSTO vehicles make
many experts believe thal they will never by a cost-ellective
means of launching significant payloads.

IHowever, the S5T0-RIV is not the only approach to
low-cost space access. Making any clement of an ELV
reusable should reduce costs. This is only truc, however, so
long as the clement 1 question actually is casy to refurbish,
and the cost ol developing such a capabilily 15 nol excessive,
The U.S. Space Shuitle, [or instance, reuses all elemenls
except its external fuel tank. Ilowever, the high development
cost and the effort invelved in refurbishment hetween flights
results in its cost to orbit being as high as most expendable
launchers. Such savings arc likely to be more pronounced if
the part reused is the largest compenent, 1.c. the first stage.
The [irst stage 1s a particularly promising candidate {or
replacement, as not only does it have 1o carry the payload
and upper stages, but it must overcome the most significant
delta-V overheads (atmospheric/gravity drag) associated
with launch. These overheads typically add 150-2,000 m/s
to the delta-V required to reach normal LEO orbital velocity
of 7,800 m/s. Even small improvements in this arca can
bring dramatic benefits. A good example is the Orbital
Sciences Corporation (OSC) Pegasus air-launched rockel,
which uses a converted 1.-1011 airliner as a reusable ‘zeroth
stage’. Liven by taking the remaining stages to just 9,000
meiers altitude and 250t m/s velocity, the required mass of a
Pegasus rocket is approximately halved in takcoff weight
from a ground-launched version of cquivalent performance.
An additional factor in making just the [irst slage reusable is
that its recovery is much easier than [or an SSTO. An SSTO
returning from orbit must cope with re-entry at approxi-
mately Mach 25, whereas a reusable first stage would reach
a peak velocity of Mach 3 to Mach 6.

Anumber of partly reusable launch vehicles (PRLV) have
been proposcd arcund the concept of a reusable first stage—
olien air-launched in some wav—being vsed 1o boosl the
payload and upper stages onto a suborbital rajectory, During
1995 0OSC carried out development work on the X-34,
effectively a reusable vehicle that replaced the first stage of
Pegasus. Although the X-34 has been redesigned as a
suborbital test vehicle, other companics have made similar
proposals. Kelly Space has begun development work on the
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Eclipse winged launcher that would be towed bhehind an
airliner hefore climbing on rocket power into a trajectory
where solid-propellant upper slages and the payload would
be released [rom a cargo bay. Pioneer Rocketplane’s ‘Path-
finder’ (originated as the U.S. Air Force ‘Black Horse’
spaceplane study) is a small spaceplanc that crhances its
performance via aerial propellant transfer. It takes off on a
runway using two conventional augmented turbofan
engines, carrying a full load ol kerosene [uel bul only
sulficient liquid oxygen (LOX) oxidizer to accomplish the
required propellant transfer. It rendezvouses with a tanker
aircraft to take on a full load of LOX beforc using its
[.OX/kerosene rocket engine to climb to 100 km altitude at
a speed of Mach 12. Here it releases a solid-propellant upper
stage (typically 4 STAR48 or -63 boost motor), which
accelerates (he attached payload into orbil. The Pathfinder
then re-cnters and relights its turbofan cngines to return to
basc., Acrial propellant transfor allows the Pathfinder 1o
reduce structural weight as its wings and landing gear aie
sized to support a much lower weight than it it took oft wiih
a full propellant load. Speculations indicate that Pathfinder
should be able to place 1,000 kg into polar LEO, or morc
into orbits of lower inclination, for an cstimated cost of $5M.
Pioncer is currently carrying out a design study on the
Pathfinder [or NASA as a contender [or the Bantam-X RLV

proposal; it is also a eonlender for the proposed USAF space -

sortie vehicle.

NASA is studying the possibility ot using liquid fueled fly
back boosters (“LEFFB™) as part of the U.S. National Space
Transportation System, commonly called the “Space
Shuttle.” The LFBB is designed to be a completely reusable
liguid-fueled booster that will return to the lavnch site, using
an wlonomous landing system, aller separation [rom (he
Orbiter and external tank. By way of contrast, the current
Shuttle SR13s have to be recovered from the ocean and then

cxtensively refurbished for later use. The initial propesal for 33

the LFBBs includes two options: “dual” boosters—iwo
scparate winged boosters; and “catamaran” boosters—a dual
[uselage connected by a common wing, The calamaran
version has been abandoned [or technical reasons. Wind
tunnels tests of the LI'BI shuttle configuration have been
conducted. Both Boeing and lockheed Martin have per-
formed concept definition studics of the LEEB. This work is
continuing,.
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Background Art U.S. Patents

U.S. Pat. No. 3,702,688 teaches a tully recoverable launch
system consisting of two piloted winged vehicles that
launched vertically in a mated configuration. A first larger
booster vehicle was 1o have propelled the mated pair to an
altitude ol about 65 kilomelers where the second vehicle was
1o be released, This syslem was never buill.

U.S. Pal. No. 3,929,306 feaches a parlially recoverable
space shuitle system with rocket engines carried helow an
external tuel tank. The engines are recovered hy loading
them on hoard the Orbiter after their fuel is exhausted.

U.5. Pat. No. 4,557,444 tcaches a dual structure SSTO
acrospacc vechicle having an acro shell structure and an
imternally disposed separable and reusable inlegral tank lor
ifs hydrogen [uel and its liquid oxygen.

U.S. Pat. No. 4,796,839 leaches a launch vehicle whose
first stage rocket motors are ejected and recovered after first
stage burnout when they by use of aeroshells and parachutes.

U.S. Pat. No. 4,834,324 teaches a space transportation
system comprising scveral different modular units usable in
a plurality of different configurations for different payloads
and space missions. All units include acrodynamic devices
such as fixed or swing-wings for a controlled returned 1o a
runway landing on Earth.

U.S. Pat. No. 5,143,327 teaches a heavy lift launch
vehicle baving disposable fuel tanks and a plurality of
winged flyback propulsiocn modules as a first stage.

U.5. Pat. No. 5,402,965 tcachcs the usc of a carrier
aircraft 1o fly a launch vehicle to a launch altitude and
veloeity. The significant teaching of this patent is the use of
a detachable positioning apparatus thal 15 recovered and
reused [rom the launch vehicle.

U.S. Pat. No. 5,740,985 leaches a (wo-slage launch
system, the first stage consisting of two tlvhack hoosters or
aircraft.

IMaving studied all of the prior art, the present inventors
draw the following conclusions:

First, the main impediment to the development of space
indusiry is not lechnical or engineering problems. 1L is purely
economic. The high cost (now above $5,000 1o $20,000 per
kilogram) of launching payloads to space precludes signili-
cant development of a space industry, space tourism and the
all other development of space as an ordinary venue for
business and personal activitics. Many cconometric studics
have shown that a cost reduction of at least onc order of
magnitude, 1o less than $1,000 per kilogram, will be required
1o make space a practical place (o live and work.,

Sccond, the greatest ceconomic savings should come from
the lowering ol the costs of operating the [irst slage ol any
launch vehicle, One way 1o do this 1s (0 make the {irst slage
booster reuseable, Hundreds of millions ol dollars have been
spent and thousands of engineers have worked for years on
this problem. ‘The original NASA proposal for the Space
Shuitle included a fully reusable first stage, but was not
accepied duc te high development costs. This work, as, for
example, on the LFBB, is continuing. Mounlains of paper
studies have been wrillen on the problem. All of them
require the developmeni ol entirely new rockel propulsion
systems. Such novel systems are extremely expensive to
design and test. 'The development costs of such systems have
been found by past studics to largely negate the cost savings
rcalized by the reusable booster.

‘Third, nothing in the prior art known to the present
mventors teachcs the wse of an incxpensive ¢xisting booster
stage as a removable propulsion module an aircraft that can
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function as a flyback first stage booster in a multisiage
launch vechiele system.

Disclosure ol the Invention

The present invention is a flyback booster comprising an
airplanc housing a separable rocket propulsion module. The
propulsion module may be a modilied existing rocket stage,
such as the Zenil, Atlas III or others; or it may be & newly
designed and built rocket propulsion module.

The advantages of the present invention include
separation, to the maximum extent possible, of the
development, procurement and maintenance of the aircraft
and rocket propulsion modules. This scparation is cxpected
{o result in major economies in the procurement and opera-
tions of the launch system.

The removable rocket propulsion module may be lighily
constructed because the airplane fuselage carries all aero-
dynamic and bending loads, transmits thrust to the payload
and provides protection from externally generated heat and
sound pressure levels. Attachment of the module to the
fusclage and transmission of thrust loads from the module to
the airplane 1s accomplished in its afl section of the propul-
sion module, with lateral motion conslraints only c¢n ils
forward section.

‘The present invention has a disadvantage. It increases the -

dry weight of the flyback booster. This is a relatively minor
matter for a first stage booster becausc the first stage
scparates from its payload at about ten percent of orbital
cncrgy. If an cxisting “off the shelf” rocket propulsion stage
is used as the removable propulsion module, ils moedilication
costs will be much less than the development and test cosls
required to build an integral tank rocket propulsion sysiem.
The inventors believe, as a result of their mathematical
model of the present invention, that use of a scparable rocket

propulsion module will add only about ten percent to the dry ™

weight of the flyback booster, compared to its weight if it
were 10 be construeted with integral tanks as is taught by the
prior arl.

BRIEI DESCRIPTION OF THLE DRAWINGS

FIG. 1 15 a table showing the StarBooster 350 cmbodi-
ment of the fly back booster taught by the present invention
adapted to serve as a [lirst stage for a number of dilferent
upper slages (o provide a mullisiage space launch vehicle.

FIG. 2 shows the StarBooster 350 embodiment of the
present invention, which uses a Zenit first stage as a rocket
propulsion module, adapted to be the first stage with Zenit
sccond and third upper stages in a multistage spacc launch
vehicle.

IIGG. 3 shows a detail of the front section air breathing
cngincs cmbodiment of the flyback booster of the prescat
invention.

FIG. 4 shows a detail of the aerodynamic aft section
cmbodiment of the prescnt invention with two specd brakes
and a body flap.

FIG. 5 shows the StarBooster 200 embodiment of the
present invention, which uscs the Atlas IIT first stage as its
rocket propulsion module.

FIG. 6 shows the StarBooster 200 [aunching an Athena 1T
as an upper stage.

FIG. 7 shows dual StarBooster 200s mated to an Athena
II as an uppcr stage.

IIG. 8 is a graph illustrating the parametric boost pertor-
mance of the present invention comprising the StarBooster
200 using a single Atlas ITI first stage as its rocket propulsion
module.
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I'IGG. 9 is a chart showing the parametric performance of
the Starbooster 400 ecmbodiment of the present invention
using two Atlas III first stages as its rocket propulsion
medule for a range of aircraft dry mass from 90,000 to
120,000 Ibm. This chart vividly illustrates the relalive insen-
sifivily ol payload o the dry mass of the {lyback booster
airplane.

IIG. 10 shows the parametric performance of the Star-
Booster 600 embodiment of the present invention using
three Atlas IIT first stages as its rocket propulsion module
with a modificd StarBooster 200 as a reuscable sceond stape
and wiih an additional copy ol the Atlas 11T as an expendable
second slage.

FIG. 11 shows the impact of the replacement ol the
current Shuttle solid rocket hoosters with dual StarBBooster
600s upon payload delivered on the first International Space
Station (IS8) deployment mission, STS 088,

I'IG. 12 shows a multistage Jaunch vehicle taught by the
present invention comprising an Atlas 111 upper stage with a
pair of StarBooster 200 as fully rcusable liquid propellant
first stage boosters, configured for scrics burn.

I'IG. 13 is a chart showing the StarBooster 200 Airplane
Dry Mass vs. Atlas 1II GTO Performance for the embodi-
ment of the present invention shown in FIG. 12. Note that
GTO perlormance 15 nol seriously impaired by a major
increase in aircrall dry mass, illustraling the robustness of
the present invention.

FIG. 14 is a chart showing the StarBooster 200 Airplane
Dry Mass vs. Atlas III Geo-Stationary Circular Orbil Pay-
load Delivery Pertormance for the embodiment of the
present invention shown in I'IG. 13. This performance is
well above present needs, indicating a new capability to
launch future communications satcllites.

I'IG. 15 shows the StarCore [ expendable upper stage,
which is eptimized for use with the StarBooster 200 launch
to GTO, GEO or the morc reccent “super synchronous
mjection” used for communications satellitcs with highly
elfective electric propulsion systems.

FIG. 16 is a graph showing the time history of the total
mass of the multistage launch vehicle embodiment of (he
present invention comprising (wo StarBooster 200 as a {irst
slage and StarCore I upper stages as {unciion of time {rom
lift-off from the launch pad. Note that over half of the
vehicles total mass is expended by bumout indication the
cconomic potential of this embodiment of the prescnt inven-
tion.

I'IG. 17 is a graph showing the altitude time history of
launch for the cmbodiment of the prescnt invention com-
prising two StarBooster 200s as a first stage and an StarCore
[ upper stage. StarBoosler staging occurs al an altitude ol
39.%9 kilometers (130,800 feet). Centaur ignition occurs
above 120 km (400,000 feet) and insertion into LEO is at
185 kilometers, or 100 nautical miles.

FIG. 18 is a graph that illustrates the lime history ol ideal
velocity added by the propulsive elements tor the dual
StarBooster 200/StarCore 1 vehicle embodiment of the
present invention. The ideal velocity added by the pair of
StarBoosters is 2.9 kilometers per sccond (9,522 feet per
sccond) resulting in a relative velocity over the Earth's
surlace of 1.63 km.jsec. (5.338 {l/sec), or Mach 5.13;
although half of the vehicle mass is consumed, only 209 of
orbital velocity is attained, which illustrates the benefit of
booster recovery. 4.1 kilometers per second (13,495 teet per
second) is added by the pair of Castor 120 solid motors, and
2.17 kim/sce. (7,105 fect per sccond) by Centaur to achicve
LEO, lcaving a large part of the performance capability of
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Centaur remaining for the transfer to GLO. Note the interval
between 315 and 345 scconds where no velocity was addced.
This is the Centaur coast interval for chilldown and nozzle
cXtension.

FIG. 19 is a graph thal illusirates the time history of
dynamic pressure during the boost phase ol flight [or the
dual Starl3ooster 200/5tarCore | embodiment of the present
invention. This indicates that maximum stress upon the
vehicle occurs midway through the booster light, one again
illustrating the value of recovering the booster which must
be designed to withstand these heavy loads.

FIG. 20 is a graph showing the boost phase Mach number
{time history for the dual Starbooster 200/S5tarCore I embodi-
ment ol the present invention., Note that the Mach number at
staging is just above Mach 3, indication the potential for use
of inexpensive aluminum heat sink construction of thermal
protection of the booster.

FIG. 21 is a graph showing the veloeity margin increasc
as a function of dry aircraft weight for the multistage launch
vehicle embodiment of the present invenlion comprising iwo
StarBooster 4005 as a [irst stage and a Titan [VB as the upper
stuges. This is indicative of the large performance increase
that can be achieved by replacement ot the 'litan SRlis with
the flyback booster embodiment of the present invention.

FIG. 22 1s a graph showing mass delivered by the dual
StarBooster 400/Titan IVB cmbodiment of the prescat
invention to Geo-Stationary Circular Qrbit if 25% is any
guin in payload beyond the 11,500 pound capability of
currenily operational Tilan [VB is invested in the added
mass necessary to improve the performance of the Centaur
upper stage. An additional 400-ft./sec. velocity loss was
assumed to make this assessment more conservative.

FIG. 23 is a table showing both the known input data and

the assumptions uscd for the Atlas ITI/Dual StarBooster 200

cmbodiment of the present invention.

FIG. 24 is « lable showing perlormance and estimaled
costs of some ol the possible StarBoosler 200 upper stage
embodiments of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

The presenl invention suggesls converling an exisling,
expendable space launch vehicle first stage into a fully
reusable system by housing it in a new, aluminum aircraft.
This combination is called the “StarBooster”. The term
“StarBooster™ or “fly back booster”™ will be uscd for the
present invention in the remainder of this specification. The
present invenlion will permil preservation, lor repealed
re-use, of 70% or more ol the dry mass of launch vehicles,
The Starlooster will be capable of withstanding vertical
launch for rocket-powered ascent flight, separation from
payloads at Mach numbcrs ncar 6.0, gliding hypersonic/
supersonic flight to a heading for return to the launch site,
turbofan powcred subsonic cruise for the 300 NM or lcss
return [light, and runway landing al airliner speeds.

Clean scparation of the two functions, rocket-powcered
verlical launch for ascent and near-horizontal turbofan
engine powered return [light, make possible limiting the
development elfort to the aircrafl and its integration wiih
existing, proven rocket stages. 'This will lower the develop-
ment costs of equal importance, the time required to acquire
a fully rcusable booster; and will permit flight operaticns to
begin with an cstablished reliability record for the critical
rocket componenls.

Furthcrmore, operational benefits are attamed by pormit-
ting maintenance to be conducted on independent timelines
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for these two nearly independent elements of the fully
rcusable booster. Should the rocket require maintenance
beyond that of the aireraft for re-flight, another pre-prepared
rocket stage can be installed, facilitating rapid turn-around
ol the airerall. The inverse 1s also rue.

'The initial rocket propulsion module studied for use with
the Starl3ooster was the I'SU Zenit first stage, powered hy
the world’s most powerful liquid propellant rocket cngine,
the RD-170. This cngine produces 1.73 million Ibf thrust at
sea level at a vacuum specific impulse of 337 1bl-sec/lbm.
The Zenii [irst stage houses approximalely 704,000 lbm ol
oxygen/kerosene propellants (about 350 short tons, hence
the nomenclature “StarBooster 350°7). The Boeing Company
has selected the 12.8 tt. diameter Zenit three-stage vehicle to
be employed in their Sca Launch international joint venture,
which will expend the entire Zenit vehicle on cach launch.

StarBooster and Several Potential Upper Stages

IFIG. 1 illustrates the Starl3ooster 350, which is described
in more detail below, as the first stage mated to several upper
stages to make up multistage space launch vcehicles. The
cmbodiments shown arc the StarBooster with the Sca
Launch Zenit sccond and third stage; the Kistler K-1, the
NASA X-34; the Boeing Delta TV; the Pioneer Pathiinder;
the OSC Twin Tavurus and the Ukrainian Ikar-2. Not all ol
these options will be exercised and some may not be
feasible. In all of the embodiments, performance of the
rocket vehicles carried by StarBooster will be multiplicd by
the boost to the hypersonic velocitics provided by Star-
Booster launch. In the casc of the Sca Launch Zenit, a
payload loss ol 30% 1is experienced due {o the additional
weighi and drag ol the StarBooster 350 compared o using
the same Zenit first stage in the expendable mode as is now
planned by Boeing.

StarBooster and Zenil

FIG. 2 shows a top and side view ol the StarBooster 200
embodiment ol the present invention maled o a Boeing Sea
Launch Zemil second and third stage 1o lorm a mullislage
space launch vehicle. In I'I(i. 2, StarBooster 200 has a nose
section containing airbreathing engines 201, a fuselage
section with dual keel pavload attachment mcans 203, an
acrodynamic wing scction 205, and an acrodynamic tail
sgction 207, The [ront underside ol [uselage 203 1s con-
necied by atlachment means 209 and 211 (0 Boeing Sea
Launch Zenitl second and third stages 213, The Zenit tockel
engine 217 projects out of the rear of tail section 207 which
is part of the intelligent aft section, defined below, 215. The
nosc scetion with its novel air breathing cngine section; the
dual keel payload attachment means and the acrodynaniic
imtelligent all secltion are described in more detail below,

Novel Air-breathing Engine Section

The Problem

‘The StarBooster vehicle will be required 1o be assembled
in a horizontal position, erected to the vertical position with
its payload attached, ignite its RI13-173 engine on the launch
pad, ascend to between Mach 3 and Mach 6.5 ncar 150,000
foet altitude, cleanly scparate from its payload shortly after
propellant exhavstion, salely decelerate and climb [rom the
separalion velocily and altiwde 1o oul ol the almosphere,
re-orient and re-enter the atmosphere, perform a supersonic
turn fo a heading toward the launch base, decelerate to
subsonic velocity, ignite its gas turbine engines, perform
high subsonic cruisc flight to the landing pattern, and land on
a runway ncar the launch pad.
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This broadly disparate set of flight conditions poses a
challenge in selecting the proper configuration for the air-
breathing propulsion sysiem required [or cruise [light, as
aerodynamic drag should be minimized for both ascent and
subsonic cruise, the propulsion system protected uniil
needed, the weight of the system minimized, and the heavy
air-breathing cngines located as far forward as possible in
order to balance the heavy rocket cngine nccessarily
mounled at the far alt end.

The Solutions ol Others

NASA Johnson Space Center, Marshall Spaceflight
Center, the Russian firm Lnergia, and Boeing-North Ameri-
can have all performed conceptual design studies of winged,
liquid propellant flyback boosters (LEBB). The NASA and
Russian studics have usually sclected turbine cngine loca-
fions on opposing sides of the [uselage, near the rear of the
vehicle. The Boeing-North American design solution was
originally a “catamaran™ fixed geometry configuration
which uses a large wing center panel mounting two large
fuselage sections housing the rocket elements. The outhoard
wing pancls provide a delta wing appcearance. In this casc,
the location of the air-breathing cngines has not been
selected, But il is of no consequence as the calamaran
conliguration has been found 1o be not [easible due o
cryogenic loads.

These solutions are considered to be likely to be both
massive and complex, posing performance, development
and production cost, and maintcnance problemis.

The StarBooster Solution

As shown in FIG. 3, mounting location [or (he air breath-
ing turbofan engines internal 1o the [orward [uselage was
selected for the two engines 301, using a single, bifurcated
inlet duct 303 on the nose ot the fuselage which, in order to
protect these engines, is covered by a nose cap 305 until
subsonic flight is achicved after ascent flight and re-catry.

A one diameter “straight scction” 307 forward of the
engine fun face is provided in the aft portion of these mlet
ducts 1o minimize disturbed [ow at the fan [ace. Inlet lip
design is to be optimized for cruise flight conditions of Mach
(1.5 to 0.6, with “blow-in doors” provided if additional flow
area is needed for takeoff.

Enginc mounting is 15° to 20° off the vechicle platform
ccnterline 309; sclected to permit individual exhaust nozzic
exils 311 on the two opposing sides ol the [uselage. These
exhaust exils are also (o be covered by blow olf panels 313
until needed in order to prevent hot gas ingestion. This
arrangement was selected with the foreknowledge that an
axial thrust loss of 3 to 6% would be experienced. 'This loss
of cfficicney is considered to be acceptable in light of the
short duration of cruisc flight.

The lateral lorce produced by each engine 1s 26 (o 35% of
thrust; the side [oree of one engine normally oflsetiing that
of the other. Signilicant laleral control avthority may thus be
obtained by differential throttling, but “single engine™ flight
may be prohibited. With the high reliability of the modern
airliner engines to be uscd by StarBooster and the relatively
short interval of usc, this is considered to be an aceeptable
risk. This engine arrangement was selected (o provide mini-
mum fuselage weight and low construction costs while
providing acceplable engine performance and drag lor (he
subsonic cruise portion of the mission. Fuel torup to a2 1.5
hour flight to return to landing site is stored in fuel tank 315
located between and aft of the engines.

The advantages of this engine arrangement relative to
other possibilities include:

1. Minimum acrodynamic drag during rocket-powcered

ascent flight.
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2. Minimum aerodynamic drag during turbine-engine-
powcrcd subsonic cruisc flight.

3. Protection for the air-breathing engines during ascent.

4. “Clean” free stream airflow entering the nose-mounted
inlet duct opening.

5. Structural efficiency leading to a less massive engine
installation.

6. Absence ol the deplovment mechanisms necessary lor
some alternative arrangements.

7. Lateral comtrol through differential engine throtiling.

Dual Keel Pavload Allachment
The Problem

‘The StarBooster vehicle will be required 1o be assembled
in a horizontal poesition, jeined with a belly-mounted pay-
load which may weigh up to scveral hundred tons at liftoff,
ignite its 1.73 million pounds thrust RD-173 cngine on the
launch pad, ascend to between Mach 3 and Mach 6.5 ncar
150,000 [eet altitude and cleanly separate [rom ils payload
shorily aller propellani exbaustion. The payload rockel
engines may either be reserved for use after separation from
Starl3ooster (series burn) or ignited on the launch pad to
assist the boost phasc of flight (parallel burn).

Maintenance of dircetional control during ascent flight
will require that the serics bum payloads be mounted well
forward, whereas (he rockel engines exhavst ol parallel burn
payloads must be nearly in-plane with that of the RD-173
engine of StarBooster to avoid undesirable plume impinge-
ment. Thrst loads to the payload will be imparted at the rear
via two belly-mounted trusses, and payload stabilization
provided by a forward attachment to the StarBooster for-
ward fusclage. Structural integrity and the required struc-
lural stillness must be mainlained al all times during ascenl
ilight, separation, and the subsequeni SlarBoosler solo
maneuvers.

'This broadly disparate set of loading conditions poses a
challenge in selecting the proper configuration for the Star-
Booster fusclage structure, as girth and hence acrodynamic
drag should bec minimized for both ascent and subsonic
cruise [light, [ight conirol authorily maintained through
available engine gimbal movement, both StarBooster and its
paylead protected from excessive structural loads, the
weight of the overall system minimized, and the payload
meaunting locations tailored to individual the needs of the
several candidate payloads. The location of the forward
payload stabilization structure will be as far forward as
possible [or series burn payloads in order o place the
composite vehicle ascent center-ol-gravily [orward of the
composite aerodynamic center-of-pressure, and as required
for parallel burn payloads
The Starl3ooster Dual Keel Configuration

The StarBooster 350 body is comprised of a hollow
closcd-cylinder structure to house and protect the Zenit-3
iirst stage rockel; StarBoster 200 is similarly consirucled o
protect its Allas IIT first stage. Elongaling the cylindrical
cross-section to provide sufficient depth for fluid lines and
cabling, with up to one-meter corper radii to minimize
localized “hot spots™ due to exit flight and re-entry heating,
provides a ncarly flat bottom surface. The wing spars pass
over the fusclage for the StarBooster 350 and arc faired by
the [uselage.

The main landing gear of the StarBooster 350 1s mounted
in two “pods” beneath and laterally outhoard of the Zenit
rocket. 'The nose gear trunnions are mounted to the bulkhead
separating the nose section from the rocket-carrying mid-
bedy, Two vertical beams cxtend forward from this
bulkhcad, converging ncar the flow splitter location in the
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forward portion of the turbine engine inlet ducts. This
arrangement centralizes most ot the major vehicle loads,
minimizing the length of the load paths,

Dual keel relers (o the use ol the port and starboard
scgments of the lower half of the clongated closed cylinder
cross scction as a major load-carrying member, reacting
initial loads of the payload during ascent flight and provid-
ing the necessary longitudinal beam stitfness. As the alumi-
num alloy luselage skin must be thickened lo acl #s an
ellective “heat sink™ for aerodynamic heating thermal loads,
significant load-carrying abilily is present and is used lor
attachment of the dual payload thrust truss structures. A
mumber of sets of matching “hard points™ will be provided
along these two deep beams by means of intermediate
bulkheads, local stiffening and doubler plates. The location
and number of pairs of “hard points”™ to be provided awaits
more deflinition ol the range ol payload mass and the
longitudinal locations of the thrust trusses desired by the
integrated StarBooster/payload flight system.

'The single forward payload stabilization fitting is attached
either to the bottom of the StarlBooster fuselage near the
point of convergence of the wvertical beams in the nosc
scction or further aft to a centerline “bridge structure™
connecling the lwo keel beams.

Acrodynamie Intelligent Aft Scetion

The Problem

The StarBooster vehicle will be required (o be assembled
in a horizontal position, erected to the vertical position, its
RD-173 engine ignited on the launch pad, ascend to between
Mach 3 and Mach § and ncar 150,000 fect altitude, scparate
from its payload shortly after propellant exhaustien, safely
decelerate and climb from the separation velocity., perform
a supersonic turn o 4 heading toward the launch base,
decelerate to subsonic velocily, ignife ils turbine engines,

perform a high subsonic cruise to the landing pattern, and 3:

land on a runway near the launch pad.

This broadly disparate flight conditions pose a very real
challenge in sclecting the proper acrodynamic configuration,
as stability must be maintained over tlight conditions of the
entire mission, acrodynamic drag should be minimized boih
[or ascent and lor subsonic cruise, and weight of the
aeradynamic surfaces should be minimized.

The Solutions of Others

NASA Johnson Space Center, Marshall Spaceflight
Center, the Russian firm Encrgia, and Bocing-North Ameri-
can have all performed conceptual design studics of winged
liquid propellant lyback boosters (LFBB). Early NASA and
Russian studies have selected folding wings, stowed lor
launch above the body, with a vertical axis pivot providing
for aft rotation of the wingtips. lor the Russian solution,
additional variable geometry was selected—a vertical fin
which folds laterally. The Bocing-North American design
solution was a “catamaran” fixed geomctry configuration
which uses a large wing center panel o mount lwo large
[uselage sections housing the rocket elements. The cutboard
wing panels provide a delta wing appearance. In all of these
cases, a hinged body flap is provided for longitudinal (pitch)
control which is mounted at the aft end of the fuselage,
below the rocket engine cxhaust nozzles.

These solutions are considered to be likely to be both
massive and complex, posing perlormance, cost, and main-
tenance problems.

The StarBooster Solution

Larly in the conceptual design process for StarBooster
350, an aft-mounted trapezoidal fixed wing of moderate
aspect ratio and sweepback was sclected to provide mini-
mum wing weight and low construction cost while providing
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more acceptable lift-to-drag tor the subsonic cruise portion
of the mission than can be provided by the delta wing
planform. This wing was placed on the fusclage to provide
static longitudinal stability during subscnic flight, by placing
the ¥ mean aerodynamic chord near the cruise Qight cenler-
ol-gravity. A body [ap was added 1o provide pitch control
authority and to move att the hypersonic trim point.

As the hypersonic center-ot-pressure is at the centroid of
the projected planform arca, scricus questions remain as to
the adequacy of the acrodynamic surface arca aft of the
cenier-of gravity—it may be insufficient, with the vehicle
lending o pilch nose up.

The Intelligent All Section

A sohition for this problem, as is shown in UlG. 4, is to
provide three deployable aerodynamic control surfaces
mounied to the cxterior of the aft scction 400 of the
StarBooster 350: two Specd Brakes 402 and one Body Flap
404. This constitutes the Intelligent Aft Scction. Immedi-
alely alter separation [rom its payload, the {our rockel thrust
¢hambers of the RD-173 engine 406 are gimballed inboard
and toward the vehicle centerline. liach of these three
aerodynamic surtaces then extends aft on internal tracks to
a hinge position ncar the aft end of the fusclage. Rotary
clecto-mechanical actuators will then permit single degree-
of-frecdom rotation of cach of the three surfaces in response
lo commands [rom the vehicle’s central computer, increas-
ing aerodynamic control authority.

l'or hypersonic flight, rapid and controlled deceleration
during a post-separation “zoom” climb may dictate that the
speed brake surfaces be positioned laterally outboard, with
dircetional centrol aided by their diffcrential positioning,.
Similarly, the body flap attitude, in its cxtended position,
will be modulated o provide pitch control and may aid in
increasing drag during that portion of the Qight for which
this feature is useful.

Once the vehicle has completed its turn toward the launch
sife and has reached subsonic speed, the Speed DBrakes
perform a different function—that of drag reduction, by
moving them inboard to just clear the rocket cngine exhaust
nozzles, providing a semi-faired “boaltail”. Dividing each
Speed Brake inlo (wo individually controllable sections o
permit further fairing may prove 1o be desirable.

lor landing, it may be necessary to retract these surfaces
to avoid ground centact. Detailed analyses will be required
to rcach the proper balance of simultancously maintaining
acrodynamic control and providing safe ground clearance.
StarBooster and Atlas III

Another opportunily [or application of the StarBooster
concept arose when the Lockheed Martin Corporation, in
cooperation with Pratt & Whitney Division of United 'lech-
nologies Corporation, made decisions to bring into being the
RD-180 rocket engine and the Atlas III space launch vehicle
through company-funded programs. The RD-180 is a two-
¢hamber denivative of the RD-170 [our-barrel engine and the
Allas IIT vehicle 15 a 10 {1, diameter evolution ol the proven
Atlas space launch vehicle familv. The RD-180) engine
produces 860,400 1bt thrust at sea level, at a vacoum specific
impulse of 337.8 sec., and the Atlas Il first stage houses
404,000 lbm of oxygen/kerosene propellants, thus deliver-
ing about 58% of the total vacuum impulsc of its larger Zenit
relative,

The Atlas II1 Expendable Launch Vehicle

Lockheed Martin is developing this space launch vehicle
commercially as the latest member of its highly successtul
Atlas family. Delivery of the first flight article occurred in
carly March 1999. It uscs 10 ft. diamcter, thin-walled
stainless steel propellant tanks, stabilized by internal
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pressure, in order to minimize dry weight, a practice dating
back over 40 years to the Atlas ICBM and successfully flown
over 500 times.

Stage length is 94.8 ft., cstablishing the [ength of the body
cavity in Starboosler. Lockheed Martin did not state dry
welght of this sltage, but the weighl of the RD-180 engine is
known, and many other elements may be closely estimated.
Dry weight is, for the purposes of the analyses to be
deseribed below, estimated to be ncar 26,500 lbm, an
impressive accomplishment, resulting in a propellant mass
fraction in ¢xcess of 0.93. With its upgraded, single RL10
engine Centaur upper stage, the Atlas III can place payloads
of 8,900 Ibm (o the geo-stationary transfer orbit (GTO).

Although the Atlas has proven to be highly successtul for
over 500 missions, there are perennial objections to its use
of pressure stabilization, as loss of pressure may be accom-
panicd by structural collapsc; of particular concern for a
compete, untanked vehiele resting on the launch pad with its
expensive payload. The Lockheed Martin vehicle [or the
U.S. Air Force EELV program will use larger, thicker walled
aluminum tanks, capahle of free-standing without pressur-
ization in the face of high winds at the launch pad. This
sceurity, however, comes at the price of increased inert mass
and the nceessity of adding propellant capacity, scrious
design compromiscs.

The traditional means of overcoming this potential prob-
lem lor ground handling ol Atlas and Centaur has been o
use a “stretch fixture” to place the tank side walls in tension.

Incorporation of this stage in StarBooster 200 will remove
this concern, as fore and aft attachment of the stage to the
airplanc can cstablish a tension load on the side walls which
is relicved with pressurization, but is available at all times,
including in llight.

StarBooster/Allas III Configurations

Three variants of Starbooster have been conceptually 3:

defined to date for making fully reusable the now expend-
able first stage of the Atlas III. These are StarBooster 200,
hosting a single Atlas III first stage, Starbooster 400, a larger
aircraft hosting two of these stages, and StarBooster 600,
larger still, and housing three ol the same slages,

StarBooster 200, which is shown in FIG. 3, 15 the [irst
which is planned to be built, serving as a demonstrator test
vehicle for the larger versions, and entering commercial
service after testing as a fully reusable space booster. Laily
operations of this vehicle arc cxpected to cstablish devel-
opment and acquisition costs, manpower intensity (critical
1o cost-per-flight), turn-around time, and flight reliability of
the overall Starbooster family,

In particular, extensive commercial use of StarBooster
200 is expected to confirm the cost-effectiveness of the
concept and to gain, through actual operational tlights, a
significant body of demonstrated reliability, parts
consumption, turn-around time, lifc and to identify highly
desirable design relinements [or the larger and more expen-
sive follow-on vehicles.

In FIG. 5, the StarBooster 200 embodiment of the present
invention 500 houses a Atlas I1I first stage 502 as its rocket
propulsion module. StarBooster 500 has a nose section 504
with canards 506, a delta wing scction 508 containing tucl
tanks 510 for use with air breathing engine pod 512. It this
embodiment ol the StarBooster the air breathing engines are
located in two pods on op of the [uselage over the wings.

The question will arise as to what dry weight penalty is
consequent to building an aircratt to house a existing rocket
stage rather than the more conventional approach of using
integral tanks, which were uscd in both NASA in-housc and
industry studics.
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‘T'o answer this question, a briet’ analysis was performed
which indicates that this penalty, for the single Atlas [11/
StarBooster 200, 15 less than 5,000 1bm, or aboul 8%. As the
booster slages well below orbilal velocity, this will reduce
orbital payload by only a small percentage considered an
acceplable penalty for the benefits gaincd.

StarBooster 200

This antomated (no human pilot aboard) vehicle, illus-
trated by FIG. 5, 1s now envisioned as a della plan form
airerall with a wingspan of 60 [1., overall length of 132 [,
and height on its landing gear of 19.5 ft. Deployable canard
surfaces arc provided to reconcile the disparate control
requirements of hypersonic tlight and efficient subsonic
cruise. Empty weight of the aircraft alone is now estimated
1o be near 70,000 Ibm. Two JT&-D wwrbofan engines are
mounied above the body and 17,200 lbm of jet {uel are
provided to support 14 hours of flight at full power for
return from the maximum down-range distance to the launch
site for landing, with 30 minutes reserves. In addition. 1,400
Ibm is allowed for the reaction contral system (RCS) pro-
pellani and coolant expended during hypersonic/supersonic
flight and entry. During rocket powered ascent flight, the
gimballed rocket engine provides three axis control.

The StarBooster serics arc not intended to achicve orbit—
that is the function of the additicnal, smaller rocket stages
carricd bencath its body, along with orbital payloads such as
communications salellites. StarBooster will deliver these
payload ensembles o a sub-orbital staging velocily and
altitude which will multiply their capabilities relative to the
capability of the rocket stages if they are ground launched.

Maximum lift-off mass of 688,300 lbm for StarBooster
200 plus its upper stages and payload, will provide a liftoff
thrust-to-mass ratio of 1.25:1 in “scrics burn™ (no supple-
menial thrust Lor liflod from payload rockel stages). Payload
for this application will be up 1o 184,000 Ibm (o an ideal
velocity of about 9,500 tt/sec, a staging velocity (BLC'O, or
hooster engine culoff) near Mach 5, well within the Mach 6
“heat sink™ limits of its aluminum airframe.

More massive payloads can be accommodated by off-
loading a portion of the propellant from StarBoosterl, pro-
ducing lower but still useful staging velocilies, or by “par-
allel burn™ in which the payload stage contributes o liftoll
thrust.

In a similar manner, payloads less massive, that would
normally result in staging velocities above the Mach 6 “heat
sink™ limit of StarBooster, may be accommodated by tra-
jectory shaping to reduce heating loads and/or by off-loading
StarBooster propellant.

StarBooster 200 Applications

Numerous applications of this vehicle are anticipated,
including both single and multi-stage rocket vehicles and
hypersonic air-breathing propulsion vehicles.

For cxample, flight of the Lockhecd Martin Athcna II
three stage solid rocket vehicle with StarBooster 200 will
deliver 13,000 Ibm of payload to low Earth orbit (LEO),
almost three times the 4,350 Ibm payload (o LEO available
when Athena II is ground-launched, and half again more
than that ot” Athena Ill, a larger 1.ockheed Martin vehicle.

I'IG. & shows a StarBooster 200 tully recoverable booster
launching a Lockheed Martin Athena II launch vehicle as the
upper stage of a multistage space launch vehicle.

FIG. 7 shows a pair ol StarBooster 200s maled (0 a
Lockheed Martin Athena I launch vehicle as an upper slage
to provide a multistage space launchvehicle. 'This emhodi-
ment of the present invention is capable of launching 10.6
meiric tons to low Larth orbit (1LEO).

Duc to the boost given by dual StarBooster 200s, the
Athena II gains an cntircly new capability: launch of pay-
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Toads to the geo-stationed transfer orbit (G'T0O) favored by
communications satellites. By using the Star 75 solid rocket
molor as an upper slage, il can place almost 4 metric toos in
geolransfer orbit (GTO). 8331 lbm ol satellite and apoges
kick stage arc delivered to this high cnergy orbit by the
StarBooster 200/Athena I ¢cmbodiment of the prescat
invention, which puts it in the same payload class as the
Boeing Delta 111 launch vehicle.

FIG. & illusirates the paramelric boost performance of
StarBooster 2080, Note thal this entire range ol payload, ideal
veloeity combinations may not be uscable because of cither
liftoff mass or staging vclocity limitations. A maximuwm
payload mass of 185.000 lbm is thus indicated; more if
propellant is off loaded from the Atlas III or if the payload
coniributes additional 1ift olf thrust by a parallel burn, What
is clearly shown by the [igure is the insensitivily of perlor-
mance to aireraft dry weight.

By using a pair of StarBooster 200s as a first flyback
hooster stage as was shown in UlG. 7, payload performance
for launch missions is almost doubled for many potential
upper stage combinations. This permits lavnch of payload
ensembles of up to 368,000 Ibm (more with propellant
off-loading) with “series burn”, including the Atlas [ and 11,
the Ukrainian IKAR 1I, thc Russian Rokot, Start, and
Tsyklon vehicles derived from surplus Sovict cra ICBMs,
the Arianc 5 (less its solid rocket boosters), and others.

This versalililty is facilitated by the StarBooster “dual
keel” construction, which provides both stifiness 1o the body
and permits multiple attachment points for payloads at
various longitudinal fuselage stations, a necessity for pay-
loads of different lengths and masses.

StarBooster 200 may also be used in the “parallel bum™
mode, in which the first rocket stage of the payload is ignited
on the launch pad, nearly simultaneous with ignition of the
RD-180 e¢ngine. A candidate payload lor this mode may be

the new Delta [V vehicle, the Boeing offering to the U.S. Air 33

Force for the Lnhanced Lxpendable [aunch Vehicle (LLTLV)
program or an additional Atlas III two stage (or the closely
related Lockheed Martin EELV, Atlas 'V, ) flown as cxpend-
able vehicles. Either one or two StarBooster 200s vehicles
might be used (o enhance the perlormance ol these “parallel
burn™ vehicles 1o avoid expending additional stages, as is
now planned for growth versions of the ELLV.
StarBooster 200 as an Upper Stage

When the larger StarBooster 400 and/or 600 vehicles aie
brought into scrvice, it may prove advantageous to fit the
StarBooster 200 vehicle with a modest thermal protection
system 1o permil salely reaching higher Mach number siage
points and to add provisions [or nose mounting ol payloads,
rather than retiring them. These modifications may permit
Starhbooster 200 to fly on its larger siblings thus permitting
the first two stages of many launch vehicle combinations to
be fully reusable. This measurc will thercfore cxtend the
uscful lifc of Starbooster I , the first members of the
StarBooster lamily. An illusiration ol the perlormance of the
StarBooster 200+600 vehicles is be described below,
Starliooster 400

'This vehicle carries two Atlas I first stages in a “double-
barreled™ fuselage, with a larger wing, vertical fins, and
canard surfaces. An initial cstimatc of dry mass of this
aireraft is 100,000 lbm. With 1% flight performance
reserves, 34,500 lbm of wrbofan engine fuel and 2,800 Ibm
of RCS propellant and coolant, the inerl mass al slaging is
estimated to be near 200,000 1bm; landing weight is much
less due to venting of excess propellants and coolant after
burnout and separation from the payload.

FIG. 9 shows the parametric performance of this vehicle
for a range of aircraft dry mass from 90,000 to 120,000 lbm.
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(nce again, this chart vividly illustrates the relative insen-
sitivity of payload to dry mass. Care must be taken for
payloads near the lelt side of this chart (o provide a thrust-
lo-mass ratio of 1.25 or above, resulling in a maximum gross
liftoff mass of 1.38 million lbm, with a2 maximum payload
mass for “scrics burn”, without offloading propellant, of
369,000 Ibm. Additicnally, on the right side of the chart,
payload mass must be sufficient to assure that Starl3ooster
400 does not exceed the Mach 6 slaging velocily limil
consequent (0 use ol the aluminum struclure as a “heal sink™
thermal protection system (TPS).

“Parallcl bum™ and dual beoster options arc available with
the StarlB3ooster 400 vehicle as was the case for StarBooster
200, which will further broaden its applicability to space
launch missions.

StarBooster 604

Three Atlas 1T first stages arc housed in the StarBooster
600 aircraft, two sidc-by-side with onc centered above this
pair, producing a fuselage width of about 22 feet. Wing, tail,
and canard areas are increased to maintain the tlight
characteristics, including airliner-like landing speeds. Total
propellant quantity is 1.21 million Ibm and total impulse is
410 million Ihf-sec., almost 40% greater than that produced
by the NASA RSRB for the Space Shuttle, currently the
world’s most powerful booster. Inert mass of StarBooster 111
at BECO is cxpected to be near 265,000 Ibm, with a lower
landing weight due 1o the venting of excess Quids alfer
separation [rom its payload

It is clear that a fully reusable liquid propellant booster of
this great power will enable space ventures tar bevond those
permitted by present systems, including human exploration
of Mars, placement of Space Solar Power Satellites, and
cstablishment of a Lunar Basc. Commercial uses of space
may well have matured by the tme of ils infroduction o
fully utilize the services of a dleet of such vehicles,

Use of multiple Starl3ooster 600 vehicles with a large new
cryogenic propellant upper stage, powered by either Space
Shuitle Main Lngines (SSMLs) or the similar USU RD-0120
cngine can deliver very large payloads 1o LEO.
StarBooster 600 Applications

Siudies ol the numerous prospective applications of Star-
Booster 600 have just begun. One application may be (0 use
as payload the modified StarBBooster 200 vehicle described
carlier, with the orbital payload or the Military Space Plane
meaunted on its nose.

Anocther application may be to usc an additional copy of
the Adlas IIT as an expendable sccond stage for StarBooster
600. Parametric performance ol these (wo oplions s dis-
plaved in FIG. 10. Note that the expendable Atlas IIT {irst
stage, due to its exceptionally low dry weight, provides
orbital capability of near 50,0000 Ibm for this all kerosene
fuel vehicle, reduced by the effective mass of the payload
fairing and instrument unit required 1o control the Atlas 1T
during its independent flight. Net payload delivercd to LEO
is expecled 1o exceed 40,000 lbm, at or near thal of the much
more expensive Titan IV now used [or such missions.

When fitted with an expendable cryogenic upper stage
similar 1o today’s Centaur, net pavload of the Starl3ooster
600)/StarBooster 200 combination is expected 1o be 42,000
ibm to LEQO, over 19,000 1bm to GTOQ, 15,000 Ibm to Earth
¢scape, and 9,900 lbm to geostationary orbit (GEQ). Pro-
pellani mass {or this stage 18 between 35,500 and 65,000
Ibm, in the range of the several variants of Centaur which
have been produced or proposed.

One of the more significant applications of follow on
versions of StarBooster vehicles may be to replace the
Revised Solid rocket Boosters (RSRBs) of the NASA Space
Shuitle vehicles.
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StarBooster 200 could serve as an etfective demonstraior
for the NASA [.I'BI, irrespective of the final configuration
and supplier of a LFBB for the Space Shultle., As compared
with the much smaller demonsirator vehicles that have been
suggested, StarBooster 200 will provide data on a vehicle of
quarter through half full size to generate relevant authori-
tative data on manpower utilization, turnaround time, life,
and the other critical parameters.

StarBooster 200 will add 1o this body of experience by
operalions as a commercial booster. Furthermore, iis
RD-180 ¢ngine is a serious conlender lor the NASA LFBB
role.

StarBooster 600, with its three RI)-180 rocket engines,
may be a strong contender for the final selection of a [LI'BI3,
as it offcrs a significant increase in both flight safety and
performance compared to the systems now in usc. Larger
versions ol StarBooster may also be provided il needed.

The abilily of the StarBooster 600 to detect and, if
necessary, shutdown one of its three engines per booster
during ascent adds an important capability to avoid disasier,
compared to the RSRBs which, once ignited on the launch
pad, will continuc to burn until propellant exhaustion, with-
out regard for subsequent cvents. Potential interfercnce of
the Starbooster 600 and Orbiter wings will require ofl-center
mounting on the ET and/or awing [old mechanisms,

Preliminary performance of StarBooster 600t used in pairs
with the current Space Shuttle Orbiter and Lixternal lank
(LT as replacements for the current RSR s is indicated by
FIG. 11. As StarBooster 600 prescnts more frontal arca than
docs the RSRB, additional velocity losscs will be experi-
enced during ascent light, FIG. 11 shows the impact upon
payload delivered on the [irst Inlernational Space Station
(I18S) deployment mission, STS 088, of these losses and of
the present uncertainty in the aircratt dry weight, now
expected to be in the vicinity of 140,000 lbm,.
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The Space Shuttle “lift capability” reported by NASA on -~

Jun. 17, 1997 for the STS 088 mission was 32,526 lbm to the
ISS, wilh a mass at SSME burnout ol 326,236 lbm, includ-
ing the Orbiter, its luids, crew, equipment, eic., and the
spent ET. Lill capability is delined by NASA as the net
payload delivered plus a small manager’s reserve.

Current expectations are that, with two Starllooster 6(Hs
uscd in place of the RSRBs, this performance will almost
double—to a “lift capability” of 60,500 [bm. If thc Star-
Booster III airplane dry mass is almost 30% greater than
now expected, and trajectory losses double present
expeclations, lill capabilily remains above 45,000 1bm, thus
assuring a large performance increase for the Space Shuitle
as well as the improved safety of multi-engine liquid pro-
pellant boosters which can shut down a malfuncticning
cnging.

Aborl mission capabilities in the lace of an engine [ailure
have not yel been analyzed. The Lact that propellant will be
trapped in a malfunctioning Aflas I stage alter engine
shutdown makes its capabilities less than that of an integral
tank [.'BB. If future analyses indicate the necessity, the
three Atlas IIT propellant feed systems might be manifolded
upstrcam of the cngine intcrfaces to climinate this short-
coming. As these interconnections will come at the price of
increased maintenance requirements, bigher parls coumnt
(meaning lower reliability), and increased tum-around time,
it is not yet evident that net benefits will result from this
change.

StarBooster with Atlas [, Athena and Titan [V
Atlas 111
Reusability of space launch vehicles is the single most
important future development to decrcase the high cost of
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access fo space, permitting increasing confidence in the
vehicle through repeated vse while reducing costs by not
discarding cxpensive hardware after less than three minutcs
of operation. The best place to begin obtaining these new
economiss 1s by returning {or reuse the largest element ol a
space launch vehicle: the booster stage.

Starl3ooster is an innovative means of accomplishing this
goal at an atfordable price; by de-coupling, 1o the extent
possible, development and operation of the rocket needed
for vertical ascent from the aircraft. After completion of
rocket powcred ascent and payload scparation, the
unmanned, jel powered aircrall, including the now emply
rocket, returns (o the launch site [or reuse, first gliding and
later flving under turbine engine power hack to a normal
aircraft Janding on wheels.

StarBooster is an aluminum aircraft, capable of many
repeated rocket-powcered ascents to 50 kilometers altitude at
up to Mach 6, followed by safc entry and subsonic powcered
ilight o returm to base, and may be prepared [or re-llight
withoutl requiring significant mainlenance or down lime.

‘The airplane is constructed primarily of aluminum, with
skin thickness adjusted as needed to provide a low mainte-
nance “heat sink” thermal protection system. Leading cdges
and the vehicle nose will require the use of materials capable
of tolcrating higher temperatures. Thus, there arc no tiles,
blankets, or other [ragile materials on the vehicle’s exterior.
It 15 a delta planform aircrall which comes into action aller
separation of the rocket stages and payloads carried by
Starllooster, performing a “zoom climb” to dissipate down-
range velocity and a supersonic turn te a heading for return
to the launch sitc. When altitude less than 8 kilometers and
subsonic flight veloeity conditions arc attained, the turbofan
engines air-start and subsonic cruise begins lor the relurn
ilight [rom aboutl 500 kilomelers downrange.

IIG. 12 shows a pair of Starl3ooster 200 fully reusable
boosters mated to an Atlas IIl expendable launch vehicle.
This embodiment of the present invention allows delivery to
the geo-stationary circular orbit (GEQ) the same payload
which is now dcliverable only to the lower cnergy geo-
lransler orbit (GTO), efectively doubling the payload capa-
bility ol this already capable space launch vehicle and
eliminating the cost of an “apogee kick motor” (AKM).

StarBooster 200 uses a reusable rocket propulsion module
housing about 200 short tons (400,000 pounds) of oxygen/
kerosene propellants and is powered by onc RD-180 “double
barrel” rocket engine originated in Russia and now licensed
by Prait & Whitney. The RD-180 engines will producing
more than 1.8 GN (400,000 pounds) ol thrust al sea level.
This engine is relatively mature techoology, as they are
derived frem the existing RI>-170 engine that powered
Linergia and l3uran boosters and is now used for the first
stage of the Zenit expendable launch vehicle.

As the rocket propulsien module is designed to be readily
removable, inspection of the rocket and airplane compo-
nents of StarBooster may be carried out in parallel. I either
requires extended maintenance, an additional aircraft or
rocket may be used for the next mission while rapidly
returning the other element to service.

Many applications (payloads) arc forcscen for this pow-
crful booster, including multiplying the payload capability
ol the relatively economic vehicles derived from ICBM
lechnology: consisting of three or {our solid rockel molors
{SRMs). Athena, Taurus, the Japanese M-V, or a new,
optimized three-stage system are all candidates for enhance-
ment throngh boost by one or a pair of Starl3oosters.

On somc missions, the “payload” first stage will be
ignited and burn at reduced power level through boost. This
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is termed “paralle] burn”. On other missions, including those
using solid rocket motors, the “pavload” stage will not be
ignited until post-boost separation trom StarBooster; “scrics
burn”. For somc missions, StarBooster tanks will not quite
be filled, in order 1o achieve the desired [iflolf thrust-io-
weight ratio,

Many other existing or new launch vehicles can also
henefit from the boost provided by StarBBooster(s), including
the Titan IV core, the Japancse all-cryogenic propellants
H-2, the Russian IKAR 3 {(formerly known as the SS-18
ICBM, and arc available in quantity), and cither of the new
USAF Evolved Expendable Launch Vehicles (EELVS), the
all-eryogenic propellants Delta IV or the Lockheed Marlin
ELLV entry based upon their Atlas IIL

Other uses of StarlBBooster may include upgrading the “air
drop™ deployment of X-Planc vehicles from subsonic, 10 kin
altitude drops available today from B-52 and Lockheed
L-1011 aircraft, to the Mach 6, 50 kilometer altitude relcase
provided by StarBoosler. This can include providing (he
X-33 assurance ol reaching Mach 15,

Another near-term use will be to act as a dedicated
technology development and demonstration vehicle for
NASA’s planncd Liquid Flyback Booster (LFBB) for the
Space Shuttle. StarBooster 200 is an ideal size to gather

dependable data on components, software, subsystems and :

vehicle [ight operations, inspection and re-certilicaiion
requirements, lurn-around time, crew size, ete. [or the larger
[LIBI.

Numerous military applications may also be anticipated,
possibly including simplification of the design and construc-
tion of advanced air-breathing vehicles, including the super-
sonic combustion ramjct (Scramjet).

The principal benefit 1o be gained by (he development and
deployment ol StarBooster is, however, not conlined Lo any

or even all of these attractive applications. 'The experience 33

and confidence to be gained by trequent and profitable
commercial operation of the fully reusable StarBBooster 2(H)
will initiatc the age of reusable commercial space launch
scrvices—a true paradigm shitt in aceess to space. This will
lead to larger derivalive vehicles capable ol providing ser-
vices for applications under consideration. These include
human expeditions to Mars, deployment of gigantic Space
Solar Power satellites, global space defense, possibly space
tourism and rapid delivery services, and many other new
uses which the morc cconomical launch services of Star-
Booster will inspirc.
Allas III with StarBooster 200

An analysis of the ellect upon perlormance ol the Adlas 1T
using StarBoosters for boost assist was conducted to quan-
tify the prospective performance by augmenting Atlas 111
with a pair of the fully reusable liquid propellant boosters,
StarBooster 200, in scrics burn.

StarBooster 200, a fully rcusable space, carrying onc
Allas TIT first slage, was examined as a “demonstrzlor”

vehicle for the NASA LFBB and as 4 means ol ¢enhancing 53

performance of existing expendable launch vehicles, includ-
ing the 1.ockheed Martin Athena.

Iirst, a check of liftoff thrust-to-mass ratio indicated ihat
an unsatisfactory ratio of 1.1:1 or less cxists by “scrics burn”
of the dual StarBooster 200/Atlas II “stack™. Off loading of
StarBoosler 200 propellants will thus be necessary io
achieve « minimum ol 1.20:1.

Preliminary results of this performance analysis are
shown in FIGS. 13 and 14. FIG. 13 shows performance
results to G'T'0O and displays the low sensitivity of payload
delivered to aireraft dry weight, is characteristic of multi-
staged systems. At the StarBooster 200 nominal aircraft dry
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weight of 34 metric tons, 8.5 tons of payload may he
delivered to GTO, an incrcase of 110% beyond that of the
unaided Atlas III. Over the range of aircraft dry weights
cxamined, 26 10 42 tons, GTO payload varics from 8.9 10 8.0
lons, a sensitivilty of only 5.6%. For this analysis, Star-
Booster 200 propellants were ol loaded (o observe 2 mini-
mum lift-off thrust-to-mass ratio of 1.20:1. Also, an increase
in mission ideal velocity bevend that of the baseline Atlas 111
of 122 m/sce. was assumed for this analysis to account for
the increased gravity and drag losses cxpected to occur with
usc of ihese boosters.

This doubling ol Atlas 11T pavload capabilily through the
use of StarBoosters [or boost assist is vsable il structural
limitations of the Centaur stage can become adequate.

In the Titan 1V case, the Centaur third stage structure
limits the payload to geo-stationary circular orbit (GEQ) to
90% of the Titan IV performance capability; 5.2 metric tons.
The Atlas IIT structural limit may thus be closc to its 4.1 ton
GTO payload capability. If this is (rue, the excess perlor-
mance ¢apability consequent 1o use ol [ully reusable Star-
Booster 200s with Atlas 111 might better be used to increase
the final velocity of the pavload sufficient to place it in
aeo-stationary circular orbit (GEQ) rather than to the cllip-
tical transfer orbit.

To accomplish this mission, the issuc of propellant boil-
oll during the four and one-hall hour coasl o geo-stationary
allitude will have (o be addressed. This issue has been
reviewed in previous works and mitigating measures
defined. The Centaur has in tfact lown missions with coast
intervals of this magnitude between burns. FIG. 14
addresses the performance of the Atlas I as prescntly
configured to GEO circular orbit when aided by a pair of
StarBooster 200 vehicles, Al nominal airerafl dry weight,
almost 4.4 tons ol payload may be delivered (o GEQO—8%;
more than the G'T0O performance of the unaided Atlas 111
Sensitivity of payvload to aircraft mass is now only 3.3%,
varying from 4.6 tons down to 4.1 tons over the +/-20%
range of aircratt weights examined. This payload is 84% that
of the Titan IV-B at far less cost.

The increase in payload capability available by replacing
the present RL10 engine of Centaur with the laler, higher
perfermance RILT0OB-2 was estimated to be near 300
kilograms—neot sutficient to achieve LEL V-1 requirements.
The next step in upgrading performance of the Atlas [11/
StarBooster 200 combination may be to increasc the pro-
pellant capacity of the Centaur stage. If the Centaur propel-
lani capacily is increased o 27 lons, GEO payload capabilily
may approach & tons, a comlortable margin above both the
present Titan 1V capability and the LLIV-11 performance
required. With this margin, recovery from GL() and re-use
of the Centaur stage may be examined to turther reduce
heavy lift launch costs.

Upgrades 1o the Centaur stage may also be anticipated for
future use ol the Atlas III/StarBooster 200 launch vehicle
with the NASA Langley Research Center HL-20 o serve as
a supplement to the Space Shuttle tor re-supply and person-
nel iransport to and trom the International Space Station.
This upgrade may include use of the RI.IOI3-2 engines,
oxygen tank(s) intcrnal to the HL-20, and external hydrogen
tanks.

SiarBooster 200 as a part of the Allas III syslem now
appears (o ofler a large increase in perlormance, large
reductions in heavy launch costs, and increased safety.
Industrial Applicability

The present invention is capable of exploitation in the
satellitc launch scrvices and space launch industry. Onc
examplc of how 11 can scrve this industry is in combination
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with the StarCore [ Lxpendable Upper Stage Assembly {(an
upper stage optimized for the StarBooster using stages from
the Lockheed Martin Athena and Centaur launch vehicles,)
Another example of the way in which the invenlicn is
capable of exploitation in the space launch services indusiry
is shown below in conncction with the use of dual Star-
Booster 200s to improve the performance of the Titan [V
space launch vehicle.

The StarCore I Expendable Upper Stage

The Problem

The StarBooster 200 vehicle requires onc or more upper
stages of rockel vehicles to complete the placement inio
orbil of various payloads. The upper stage/payload assembly
is carried by either one or two Starl3ooster 2000 reusable
boosters from the launch pad on Larth to a flight velocity
between Mach 3 and Mach 6, ncar 150,000 feet altitude.
These boosters scparate from the upper stage/payload
assembly shortly after booster propellant exhaustion, sately
decelerate [rom the separation velocity, perlorm a super-
sonic lurn (o a heading toward the launch base, deceleraie o
subsonic velocity, ignite their turbine engines, perform sub-
sonic cruise to the landing pattern, and land on a runway
near the launch pad. The upper stage(s)cxpend their total
impulsc to place the payload into the proper orbit, which

may be low Earth orbit (LEQ), the geo-stationary transfer :

orbil (GTO), or the operational orbil ol communicalions
satellites, geo-stutionary equatorial orbit (GEO}.

The problem addressed here is to find a combination of
upper stages that could satisfy commercial market needs at
the least life cycle cost to compete cffectively with the
French Arianc launch vehicle system.

StarCorc I Configuration

FIG. 15 shows the StarCore I, which is comprised of the

lower two slages ol the Athena IT launch vehicie 2201 and

the interstage adapter coupling these Alliant {Thiokol) Cas- 3

tor 120 solid rocket motor stages, plus the “front end” ot the
Atlas [l launch vehicle: the Centaur stage with its single
RL-10A4-1 cnginc 2203 and the largest of the Atlas I
payload fairings, idcntificd by Lockhecd Martin as the
Extended Payload Fairing 22085.

Increased structural loads and moments of (his larger
“front end” than is now seen on Athena may requiie
strengthening of the Castor 120 side walls by the use of
additional fiber overwrap during case manufacture. With the
filament-wound-composite construction of thesc cases, this
may be asimple as a software change. Motor re-qualification
1o the higher loads and moments must then be accomplished.
Similarly, a structural review ol the Athena IT Stage 1 w0
Stage 2 adapter will be required and any necessary
strengthening/requalification accomplished in parallel with
the design and qualification of the new conical adapter to
transition from the 92.9 inch diameter Castor 120 motor to
the 120 inch diameter Centaur stage.

Soltware changes to the Atlas [II software package will
also be required 1o reflect this new configuration,

Altogether, these tasks are considered to be far less
time-consuming and expensive than producing a similar
“clean sheet” design for the same purpose.

StarCorc I Performance

On Aug. 21, 1998, Dr. Ted Talay of the NASA Langley
Reseurch Center completed the task ol eslimaling perlor-
mance of dual StarBooster 200/two Castor 120 solid rocket
motors (as used on Athena II), and the Centaur stage and
payload fairing from Atlas III. [lis estimates used the
industry standard POS'T 3D trajectory simulation program.

His POST results confirmed carlier cstimates made by this
author. Dr. Talay's results permitted a payload of 6.3 tons 1o

10

20

3G

40

St

[
wn

o0

45

30

(TG or, perhaps of greater benefit to customers, 3.26 tons
{7,190 1bm) directly 1o GEO without need for an apogee kick
molor and spin-stabilization ol the payload [or the (ransier.

The Castor 120 motors price was quoled al $4.6 millions
cach in 1995, This, coupled with the $15 millions cach price
of the Centaur, and allowing $3 millions for the cxisting
payload tairing and a new interstage adapter, results in a
total cosi of this upper stage complex of $27.2 millions. With
the expecied low costs of reusable StarBooster 200 {light
compared 1o the use of expendable booslers, (his complex is
thought 10 be cconomically superior to any other present
option for this class of performance.

l'or example, the version of Ariane 5, which has tlown,
delivers less than 6 tons for a price of $150 millions. Current
elforts by Arlanespace are o increase (his perlormance 1o as
much as 7 tons al a cost of 885 millions per Qight. The realily
of these goals is not yet known.

StarCorc I, when launched by a pair of StarBooster 200
fully rensable boosters, s fully expected to meet this Ariane
5 upgrade challenge and to provide a superior service for a
lower price than will other allernatives open Lo salellile
owners.

Trajectory I'ime Ilistories

The Starcore I is an embodiment of the present invention
that scleets optimized upper stage for usc with the Star-
Booster. The Castor 120 solid rocket motors of the opera-
lional Athena II vehicle are used with the single engine
Centaur stage {rom the Allas III and the Exlended Payload
l‘airing of this same vehicle to comprise a new “core” for the
launch system. 'This “core” was mounted between two
StarBooster 200 vehicles to complete the launch cnsemble.
The StarBooster-to-core attachment structure nmiass was csti-
mated and included in this launch simulation.

Examination ol the time hislories ol launch parameiers
derived by this POST run illustrate the importance of the
fully reusable booster and offers insights into other aspects
bearing on design of the system. T'he present purpose is thus
to present these time histories with explanatory notes on
their significance, as an adjunct 1o the carlier report men-
tioned above.

Although the printout ol this POST run provides many
paramelers of importance, il was decided [or this reporl Lo
plet only five: mass, altitude, ideal velocity added by the
launch system, heost phase Mach number, and hoost phase
dynamic pressure.

FIG. 16 is the time history of the total mass of the vehicle
as a function of time from lift-off from the launch pad. At
burnoui ol the StarBoosters, over 58% of the lill-ol mass (ol
622.7 ions) has been expended. The sharp drop in mass at
145 seconds (14008 tons) is due 1o staging of the two spent
Starl3oosters, which return to the launch site for reuse. A five
second non-thrusting interval after StarlBBooster burnout is
provided to allow time for safc scparation of the StarBoost-
crs from the core. This intcrval 1s the samc as that provided
by Orbital Sciences Corporation [or separation of (heir
Pegasus vehicle [tom its L-1011 carrier aircrall.

A pair of relatively inexpensive Castor 120) solid rocket
motors then provides thrust in sequence until 315.5 seconds,
reducing mass after staging to 3.5% (21.9 tons) of that
departing the launch pad, and attaining Mach 19.7. The
3.3-ton payload fairing is jettisoned after separation of the
first of the two Castor 120 molors. The Cenlaur slage is
ignited 29 seconds aller separation ol the [inal Castor molor,
permitting time tor separation and Centaur “chilldown”,
then providing the thrust needed to place itself and its
payload inte low Larth orbit (1.LO).

The mass of 13.4 tons, injected 1nto a 100 NM circular
orbit at 28.5 degrees, representing 2.15% of liftoff mass,
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consists of the 3.1 ton communications satellite, the Centaur
stage inert mass of 1.83 tons, and over 8 tons of residual
propellant remaining in the Cenlaur stage [or use in the
subsequent burns into GTO and GEO. Thus the payload io
LEO is 11.3 tons, 1.8% of liftoff mass. Larger injected mass
and payload can be delivered to LEO it more of the Centaur
propellants are consumed. Alternatively, the slightly lower
injected mass to the higher energy ISS orbit can provide a
mix ol “dry payload” and residual propellants (o provide
orbil makeup impulse Lor the space station.

Thus, this mass time history vividly illustratcs the impor-
tance of recovering the first stage, as it is by far the largest
inert element of the entire launch system.

FIG. 17 illustrates the altitude time history of launch.
StarBooster staging occurs at an allitude of 39.9 kilomelers
(130,800 Leel). Centaur ignition oceurs above 120 km (400,
000 feet) and inscrtion into LEO is at 185 kilometers, or 100
nautical miles.

FIG. 18 illustrates the time history of ideal velocity added
by the propulsive elements. [deal velocity added by the pair
of StarBoosters is 2.9 kilometers per second (9,522 feet per
second) resulting in a relative velocity over the Liarth’s
surface of 1.63 km./sec. (5,338 ft./'sec), or Mach 5.13; 4.1
kilometers per sccond (13,495 feet per sceond) is added by
the pair of Castor 120 solid motors, and 2.17 km/sce. (7,105

fect per sccond) by Centaur to achicve LEQ, leaving a large :

perlormance capabilily remaining lor the transler to GEOQ.
Nole the interval between 315 and 345 seconds where no
velocity was added. This is the Centaur coast interval tor
chilldown.

FIG. 19 illustrates the time history of dynamic pressurc
during the boost phase of flight. Maximum dynamic pres-
sure of 563 pounds per square foot occurs ncar 80 scconds
alter lilt-olf, al a Mach number ol 1.46, rapidly decreasing
1o 113 pounds per square [oot al StarBooster burnout. This

peak dynamic pressure is considered to be a relatively mild 3

launch environment when compared with that of most
expendable launch vehicles, which should not cause undue
difficulty to struectural design.

Perhaps the most significant parameter to the design of the
StarBooster thermal prolection system is the time history of
Mach number delermining aerodynamic heating during boih
ascent and the subsequent re-entry as a part of the recovery
flight.

As a “heat sink™ thermal protection system is planned tor
the airframe exterior, depending upon the thermal capaci-
tance of the vehicle skin to absorb the heat pulse, the time
of exposure 1s also ol great imporlance o this design elfort,
determining the total heat load which musl be sbsorbed
without compromise of structural margins. FIG. 20 provides
the Mach number time history for the boost phase of fiight.
The launch vehicle achieves supersonic flight at aboui 65
scconds from liftoff, passes through Mach 2 at 94 scconds,
and spends only 51 scconds above Mach 2 until staging at
Mach 5.13.

Il [uture design ellort indicates an absoluie need io
decrease this staging Mach number and/or dwell time to
observe acceptable “heat sink™ thermal protection capabili-
ties with a cost-effective airframe, the propellant load of
StarBooster may be reduccd or the flight path altered. This
mecasure will decrease staging velocity with only minor loss
of orbital payload capability. Other candidate StarBoosler
missions involving ervogenic core stages will viilize “par-
allel burn” and may stage at much lower Mach numbers;
Mach 3.45 in one study of a closely related human space
flight vehicle using an earlier, larger version of StarlBooster.

As a point of comparison, the nation’s first hypersonic
piloted rescarch aircraft, the X-15, conducted 199 flights

10

20

3G

40

St

o0

45

32

with three airplanes during the interval 1959—1968; 111 of
these going beyond Mach 5 and many of the remainder
closcly approaching this velocity. Although the data was not
found in this rescarch, it is thought that many of these flights
mainlained the high Mach number Qight {or suslained inler-
vals. With its Inconel X skin, il was capable of {ransient
flight to Mach 7 without adding skin thickness to the wings
beyond those dictated by structural requirements (0.05 to
0.10 inch thickness).

Although carcful attention must be paid to accommodat-
img non-uniform heating and avoiding possibly e¢xcessive
loads, the “heal sink” design approach has been [avored
since 1970 lor numerous recoverable space boosler studies;
most of them using aluminum skin. Presently, both lLock-
heed Martin and Boeeing are engaged in studies of such
aircraft 1o scrve as Liquid Flyback Boosters (LFBB) to
replace the solid rocket boosters of the Space Shuttle by the
middle of the next decade.

Wiih this nich legacy ol ight research and analytical data,
coupled with the vast amountl ol high speed light data
gathered by the Space Shuttle passing through the velocity
regime of interest, the design of a largely aluminum heat
sink structure for StarBooster is considercd to be both
feasible and low risk.

Titan IV-B with StarBooster 400

Recently, the announcemenl was made thal Lockheed
Martin will plan 1o serve the USAF Evolved Expendable
Launch Vehicle-lleavy (LLLV-II) requirement with an
improved, lower cost version of ‘Titan 1V, the vehicle now
performing that mission.

One candidate means of achicving major reductions in the
cost of launching the Titan IV has been indicated by studics
performed addressing a similar sifuation [aced by NASA:
the need fo reduce costs and o improve safely. These needs
have lead NASA to consider a new, 1.1 million pound
propellant capacity, Liquid I'lyback Booster (1.U'I313). The
Boeing report on this NASA-sponsored work indicates that
very large savings in cost-per-flight of the Space Shuttle,
88% of present booster costs, will be cxpericnced by replac-
ing the current Revised Solid Rocket Motors (RSRMs) with
LFBBs.

The StarBooster 400 vehicle delivers 38% more total
impulse than does the present Titan 1V Solid Rocket Motor
Upgraded (SRMU), strongly indicating the potential for a
large performance increasc. As the Titan missions arc
unmanncd, the NASA LFBB requirements for “cngine out”
and “eliminate abort restriclions™ are nol expecled (o apply
lo this possible application. A preliminary performance
analysis was conducted to quantify the prospective perfor-
mance increase of converting 'litan I'V from expendable to
fully reusable liquid propellant boosters using StarBooster
400.

Fitst, a check of liftoff thrust-to-mass ratio indicated that
a still satislactory ratio of 1.31 exists by “series burn” of the
dual StarBooster 400/ Titan IV-B core “stack” (1.e., Tilan
core is quiescent for liftoff and early boost.)

Second, the current delay time in igniting the LR-87
engines of the Titan first stage was extended to the full
duration of the twin StarBooster first stage, about 145
sceonds. This step was taken 1o assure that the StarBooster
400 burnout velocity did not exceed ils heal sink thermal
protection velocity limil. This measure proved success(ul in
achieving this goal. Possible impacts upon and changes to
the Titan I'V core have not yet been examined.

IIGS. 21 and 22 indicate preliminary results of this
performance analysis, FIG. 21 shows the velocity margin
increase of the Titan IV with two StarBooster 400s as a first
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stage. 'This chart acknowledges that present structural limi-
tations of the Centaur third stage ot the Titan IV core limit
the payload 1o geo-stalionary circular orbil (e 11,500
pounds, below the perlormance potential of the present Tilan
IV-B. For this rcason, the performance increase conscquent
to this upgrade to fully rcusable StarBooster 400 liguid
propellant boosters cannot now be used to increase payload
mass, but rather is expressed as an increase in ideal velocity
margin. Note that a very large 3,200 [1/sec. margin persisls
even should the dry mass ol the StarBooster 400 zircralt
approach 200,000 pounds, ncar the currcnt prediction tor the
much larger LFBB for NASA. A 400 ft./scc. incrcase in
mission ideal velocity was assumed for this analysis to
account for the increased gravity and drag losses expected to
oceur with this booster replacement. Large ideal velocuy
margins remain under worst-case assumptions ol boeth air-
planc mass and veloeity loss.

Of much greater importance than performance, however,
may be the operational benefits attained by converting to
boosters that can be loaded with their propellants via pipe-
line to the lavnch pad rather than in segments loaded in
[actories far away. This will eliminate the labor-intensive
assembly of the SRMU scgments at the launch site and
climinate (until liquid propellant loading late during the
launch pad stay) the hazardous operations restrictions that
now apply. [t will also expedite launch pad assembly due to
greally reduced mass to be managed prior 0 propellant
loading via pipeline.

Also, operational cost-per-flight advantages of the tully
reusable StarBooster 400 arc cxpected to contribute to the
cost savings of operating this large, and now fully
modernized, space launch vehicle.

Upgrades (o the Centaur slage may also be anticipated Lor
[uture vse of the Titan IV, These upgrades may include
conversion to the single RL- 10 version, increases in the tank
capacity for oxygen/hydrogen propellants, avionics and

other sub-system upgrades, and strengthening of the strac-

ture to permit more massive payloads.

FIG. 22 shows the GEO payload ol a Titan [VB wilh dual
Starbooster 400°s as a firsl stage when it is assumed that
25% of any gain in payload beyond the 11,500 pound
capability ol the Titan (oday is invested in the added mass
necessary 1o strenglhen Centaur. An additional 400-01./sec.-
velocity loss was assumed to make this assessment conser-
vative.

The combined effects of increasing the payload capability
of Centaur and of airplanc dry mass incrcascs may be
cstimated by reference to both charts. If, for cxample, it is
assumed thal the StarBooster 400 airplane dry mass is
increased from 150,000 to 200,000 pounds, velocily margin
decreases from 3,800 fi/sec to 3,200 ft. sec, an 800 {t/sec.
decrease in the margin provided by these more powerful
boosters.
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Applyving this as a requirement to the data of U'[G. 22
indicaies that the nel GEQ payload may decrease under
these adverse circumstances trom 17,000 pounds to 15,500
pounds, which still represents a 4,000-pound, or 35%
increase in present ‘Titan 1V-13 capability. 'Thus the Star-
Booster 400 as a part of the Titan IV-B system now appears
lo olfer a large increase in performance, large reduclions in
heavy launch costs, and incrcased safety.

What is claimed is:

1. A flyback booster for vertically launching a payload,
releasing the pavload and landing on a runway comprising:

an aircraft having an airframe made primarily of alumi-
num designed 1o operale in the (ighl regime {rom
vertical lannch to Mach 6,

a separable rocket propulsion module comprising at least
onc stage of a space launch vehicle, said module being
functionally housed within said aircrall;

attachment means for rcleasably attaching the aircraft to
said payload;

thrusi struclure means lor transmilting thrust produced by
the propulsion module to the pavload;

landing means including air breathing engine means {or
providing flight propulsion for the aircraft atter said
payload has been released uniil the airerall lands on
said mnway;

an intelligent all section Qight conlrol means [or assisling
to control the flight of the aireraft after said payload has
been released until the aircrall lands on said runway;

said air breathing enginc means comprising:

a blow oll mose releasably lixed to the [ronl o the
aircraft;
an air inlet configured [or supersonic and subsonic
operation disposed behind the blow oft nose;

pair ol turbolan jel engines, each said jel engine

having an air intake and a thrust outlet, said engines

being disposed side by side within the front of the

aircraft and having their air intakes in fluid commu-

nication with said air inlet, the centerline of said

engines being ixed within the body ol the aircrall ofl

the centerline of the aireraft by up 1o 15 degrees;

said jet engine oullets further being in [luid communi-
cation with the exterior of the aircraft; and

a pair of blow ofl aerodynamic covers releasably [ixed
on each side of the aircrall over each ol said jet
outlets.
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