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SUMMARY

At the request of the USAF, NASA-Ames Research Center studied one class
of an air mobile ICBM system; the dash-on~warning vehicle. The dash on warn-
ing vehicle carries the USAF ICBMs within the fuselage of a large high perfor-
mance subsonic-supersonic aircraft. This vehicle is maintained on ground
alort status prior to warning of an impending attack. On receipt of warning,
the aircraft-missile system performs a high aceeleration takeoff followed by a
supersonic dash to a "safe" distance from the launch site. On completion of
the dash sepment a subsonic long endurance mode is entered. This scegment pro-
vides time to assess the threat and its potential outcome prior to launch of a
retaliatory strike. In the event an alr alert status is to be maintained be-
yond cruige endurance capability, the dash on warning aircraft-missile system
has the capability to land, refuel and takeoff in a conventional manner.

The aircraft considered in this study were designed specifically for the
combination of the supersonic dash on warning and the subsonic endurance role.
The designs were not compromised for any other missions. Technelogy levels
congldered for the ailrcraft were state—of-the-art, as much as possible; con-
sistent with an Initial and Operational Capabilicy (IOC) in the early 1980's,

Three aircraft boost propulsion concepts were studied: an unstaged cryo-
genle rocket system; an unstaged earth storable liquild system; and a solid
rocket staped system., Wing planform geometries considered were: a two-
position wing; a conventional variable-sweep wing; and a fixed-wing. All
systems used vertical takeoff in the nominal trajectory but alternate concepts
included horilzontal-takeoff, an all airbreathing vehicle, a cryogenic rocket
system and a modified version of the Space Stuttle Vehicle,

Vohicle design optimization studfes minimized alrceraft gross weipht for
the combined dash and endurance mission profite. Eadurance flight was accom-
plished at best speed and altitude. Varfations in payload, endurance, dynamlce
pressure and adrframe materlal tochnology were made to provide sensltivity in-
formation. Nevelopment and acquisition costs for a flect of adreraft, fuel
codty Lor a l0-year perfod and cost sensitivivy to the total number of missiles
alrborne were estimated.,  Total system cost, Licluding basing, operatlons, cte.
was not estimated.




The number aof missllos carrlod, alreralt endurance and boont dynamie
presgure are lapeortant In the alrerafe denlgn.,  Low values of endurance and
nunber of milasilos alrborne Imply llpghter alrveraftc at lower codt but greater
number of vehleles.  Hph boost dynnmile pressures, excepl For the two-poslifon
wing peometry, lmply heavier atraetures aned more costly alreraft,

The atudy resalts dndieate that the dash on warnlog concept will weet the
stwdy performanee eriteria, This can be asccomplished uslng existlog tecimolopy
such ag atl alumtnum aireraft and exlsilng high-bypass-ratlo turhofan englnes.
Dynamle pressures during the supersonle dash ean be Jow, on the order of 500
I/ Ee? (23,940 N/m?) and are comparable to dynamic pressures encountered by
current subsonic jet transports,

INTRODUCTION

Various mobile ballistic missile system concepts are being studied as .l-
ternatives to silo-hased ICBM weapons. Ground mobile, air mobile and hardencd
stationary systems are bheing consldered as a means for increasing the surviva-
hility of the missile force.

The air mobile concept may be divided into two categories: continuous
airborne alert; and dash on warning. For either concept the requirenent 1s to
maintain a specified number of ICBM class missiles on alv alert prior to in-
curring damage from an attacking force. The continuous airborne alert system
has been studied by the USAF Aeronautical Systems Division (ASD) (ref. 1).

The dash on warning system is described here.

Dagh on Warning Concept

The doch on waining concept is illustrated in figure 1, Prime threats to
the missile force are submarine launched ballistic missiles (SLRM) flying tra-
joctories against mlssile bases located within che continental United States.
A dast on warning concept has a retal!latory ICBM torce aboard aircraft which
are mal-tained on ground alert status, Upon detection of a threat the air-
craf't perform a rapid takeofi and a supersonic dash of 50 n. mi. to create a
large area of uncertainty as to the location of the missile force. Speed at
the end of 50 n. mi. 18 a function of tle time required for the dash portion
of the mission profile. For cxample, a dash time of 2 min requires a terminal
Moch numbor of nearly 7 at the 50 n. mi. radiusy a 3-min dash requires a ter-
minal Mach number of about 3,

At the end of the dash the afreraft cstablish an alr alert status for
tiines varying between 4 to 10 hr, with 6 hr belng nominal. This time period
provides aufficfent time to asgess the threat or 1ts damage. 1 the threat is
an attack, the alreraft can releasce a retaliatory strike by launching the
ICBMs aboard. If an air alert status longer than the nominal 6 hr 18 required,
the aireraft can maintaln air alert by elther alr-to-air refueling or by con-
ventional landing at existing airftelds with missiles sti11 aboard, refuel and
takeoft in a conventional horizontal manner with the crulse engines alone, At
the conclusion of the alert the aircraft return to base and resume the ground
alert gtatues.
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Objective

The objective of thla atudy wan o determine the technolopgreal feantbliity
of the danh on warning cancept and to provide an ot tal delinftion of the alr-
ecralt gyatem and hoost trajectory requlrement:s. Another obhjective wiag Lo pro-
vide partlal cost estimates (development, acquinltion and fee!) of a fleet of
the atrernft which provide 200 missiles on an alr alert status for a t-hr e
period,

Scope

The study 1s comprisced of three madn arens of tnvestigation: endurance
adreraft design optimlzatlon; boost trajectory fuel optimization; and partial
cost analysis. The design and cost of the missiles to be carried were not In-
vestigated in this study. The missiles were conasidered as payload for the
ddreraft and their characteristics were provided by the USAF-8AMSO,

Requicrement:

The requirements for the mission profile and payloads to be carried were
provided by USal~$aMSO. The nominal requirements were:

Dash timoe 3 mln

payload 200,000 1b (90,718 kg) [2 x 100,000-1b
{45,359 kg) missiles]

Endurance 6 hr at bost speed and altitude

Mintmum endurance altitude 10,000 Tt (3,048 m)

Niumber of missiles alrbore 200

Land and takeoff conventionally with the missiles aboard

Variations from the nominal mission were:

Nash time 2 min

Pay Load 160,000 - 320,000 1b (72,575~ 145,150 kg)
{2 & 4x80,000-1b missiles (36,287 kn))

Endurance to 10 hr

fumber of missiles alrborne 100 - 400

The destpn of the three=stape missiles to he carried as payload arce shown
in figure 2. The nominal miastle desipgn weighed 100,000 1h (45,7359 kp), was
58.7 1t (17.89 m) long, and 6.2 1t (1.8% m) in diam. An alternate migsile de-
slpn which weighed 80,000 1b (36,287 kg) with a length of 57.1 1t (17,40 m},

and a diam of 5.5 ft (1.68 m) was also considered.

e e e ———— e e aa o i



AIRCRAFT CONCREDPTH

The matrix of concopla stwlied and reported heveln ave shown In fipure 3,
Systoem boost propulaton concopts studled wered  staged rocketss astaged voele:
eta, and a)l alrprenthing.

The ataged rockel (8R) concepts use o single solid rocket hoouter simi lar
to that used on the NASA Space Shuttle, and this rocket was mounted centrally
beneath the Tuselage,  The vacuum speclfie dmpulse of the nolld propellent s
262 pee. This concept ls launched in o vertleal takeofT (VIO mode and the
booster ia geparated from the adveraft at burnout,

Unstaged rocket (UR) concepts were studled with two liquid rocket boost
propulsion systemsg. One system was a cryogenle propellent, liquid-hydrogen
and liquid-oxygen (LOX/Hz), with a vacuum specific impulse of 456 sec. The
four main rocket engines are the same as will be used in the NASA Space shut-
tle Vehicele now under development, The obher system employed a storable pro-
pellent rocket engine udging nitrogen tetroxide as the oxidizer and unsym-
metrical-dymethal hydrazine-hydrazine in a 50-50 mix as the fuel (UDMID), with
i vacuum specific impulse of 320 sec. The unstaged rocket used VIO and car-
rled the four boost propulsion engilnes and propellent tanks aboard during the
entire mission profile,

The all airbreathing concept used ten duct-burning afterburning cngloes
for the horizontal takeoff (IIT0) boost. The maximum sea-level static thrust
per englne was 200,000 1b (889.6 kN). At the conclusion of the dash six
cengines had to be shut down for cruise. Shrouds werce required to reduce the
crulse drag of the shutdown englnes.

For the staged and unstaged rockets several alternative wing geometries
were considered. These weret a two-position wing (2P); a conventional vari-
able-~sweep wlng (V8); and a fixed wing (FW).

The two-position wing 1s constralned so that it does not exceed the fuse-
lage length to provide clearance for the twin vertical tails during wing rota-
tion to the crulse configuration. Thils constraint also ensures that the wing
does not overhang the boost propulsion system exhaust. Near the beglinning of
the subsonic endurance portlon of the mission, the wing 18 rotated to the
crulse configuration. The four hody-mounted cruise engines are shrouded fore
amd aft during boost. The forward shroud 1is provided for cruise engine pro-
tection and drag reduction during supersonic flight. 7The aft shroud is pro-
vided for base drag reduction. The cruise englne shrouds are separataed prior
Lo rotatlfon of the wing.

The conventlonal varlable-~gsweep configuration performs the hoost portion
of the mission with wings swept in the aft position. The wings are rotated
forward at the beginning of the craise leg.  The four body-mounted engines arc
shrouded durlng boost. The all atrbreathing concept and o cryogenic rocket
propulsion system using HTO were consldercd using this wing geometry.

The Fixed wing configuration hag four wing pylon-mounted engines which
are shrouded during boost. 1t should be noted that this configuration will
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regulre the use of o low sweep wing coploying a nubnonle-type afrioll In the
mupernonie (Hpht rogime,  This pones a novel aerodynmmie fealore worthy of
addictonal detallod stwly,  Thia wing confipguratlon will have high drag during
boost, but 1t way be apeculated that the Tonglendinal atablllty problems rvee
gulting From shifea o rhe conter of pressure shounld be lens than for o

virrLab bossweep alreraft,

The modid fod Space Shuttle was gtudied an an alternate conligorat ton be
cange 16wl Ll soon beeome an avallable pleee of hardware,  Modifleatfons to
the basie Shuttle were: removing equipment roquived for ont=ol=ntmosphere
flights strengthening the Landing goear; changdng the vortdeal tatl for minaile
clearance during reloase adding tankapge for boost and erulae fuetay and add-
tng erufse engines.  The modlficat lons inereaswd the groas welght to 600,000
1. (272,155 kg). Yor this flxed configuration the payloead md onduranes capa-
biLlty were estimated. This concept does not satisfy the destraed payload and
endurance requirements but did satisfy the nominal dash time requircement ol 3
min to a 50 n. mi. radius,

METHOD OF ANALYSIS
Synthesis Program

A computerized alrcraft synthesis (ACSYNT) developed by NASA-Ames was
used for this study (ref. 2), This program has been developed to provide
rapld conceptual design information. The level of information obtalned indi-
cates an accuracy of about 10 percent in gross weight based upon correlations
of existing military and civil alrcraft. This modularized program conslsts of
a control module and technology modules for geometric, mass, acrodynamic, pro-
pulsive and coat information for a vehicle concept. There are modules to pro=
vide automatic design convergence, sensitivity and optimization calculations
as well ay graphical output. Figure 4 presents a block diagram of the ACSYNT
systom.

loputs to the varlous modules include control parameters, init{ial wvehicle
definition parameters, mission profile and soveral inttial assumptions to
start the program. Output includes vehicle characteristics required te accom—
plish the mission profile, such as component weights and peometry, fuel and
time requirvements for the various phases of the mission profile, acrodynamlc
and propulsion characteristices. Finally, vehicle cost is computed,

Control Program '

The control program scequences the order In which the modules are executed
and transfers information to all the other modules. Timits of the varlous
program loops, number of passes to be made through the program and eriteria
for convergence of the vehicle are controlled within this module.  Convergence
of the vohiele 18 determined by a regula-falsti procedure (ref. 3)., 10 the
vehicle 18 elther too light or too heavy, compared to the input estimate ol
the vehicle gross welght, the entlre synthesls propgram is recyelod until the
updated input and calculatoed gross welphts agree within a specified tolerance,

©
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Goometr 1y Module

Baned on Tapul conf bpuroat lon parametorn, sone {Ired and some requlving an
Inltial entimate, this module performe Intclad sizdng of a vehlele (o be wned
in the remaludng pavts of the propram,  inltiat ent Imaten of funelape, onpglue,
wing— and talt-purracen are made,  The chavindterintben of thene component g are
updated at each pana through the program baned upon informat lon supplied by
the other technology madulen or by the control program. The Tugelope Ta nlaed
to contatn the mlnallen, electronle support and mn lnternod tanks, The wing
e shzed an the basfs of an input wing loadlay and shape parameters.  Balance
fn calenlatod on the basls of o spectfiod otatle murpin mul tall volume coel-
fielont, or the statle margin [ dotermined for a flxed ratlo ol tall aran to
wing arca.  The wodule caleulates the fInal geometric vehicle propervt Lea Chat
will satisfy Che misalon.

Acrodynamlen Module

The acradynamic characteristics for o glven altitude and Mach number are
determined from the geometrice characteristics.  The trajectory modul ¢ spoci-
ffes 111, drag or anpgle of attack at a Mach number and altitude and the aeroe
dynamles module determines the remaining variables.  CGalceulation procedures
cuploy both theoretical methods and empirieal information. Results have been
callbrated with exdisting alrevaft and with wind tunnel data for confipurations
at both high and low angles of attack. Friction drag cstimates are based on
the method of Bertram (ref. 4), with an ompirical correction for thickness-
induced pressure fields made according to the method of Koelle (ref. 5), Base
drap 18 computed using basce pressure cocfficient as & function of Mach number,
Lift and drag-due~to-1ift are caleulated for angles of attack from zero to
beyond maximum lift using a nonlincar theory currently under development at
NASA-Ames. This method, developed by Axelson (ref. 6), is derived from a com-
bination of potential theory and momentur integrations for a flow model using
a disturbance-veloceldty gradient.

Propulsien Module

The propulsion module is a one-dimensional eycle analysis program devel-
oped by Morris of NASA-Ames (ref., 7). On the basis of vebicle thrust-to-weight
ratio, this module sizes an engine and alterburner {(1if used), calculates englne
performance and other characteristics at any specified altitude and Mach number.
The engine weight and length are caleulated using the results obtatned from the
MARS system (ref. 8). Varlations in power scttings are available: maximum
atterburning; 100=percent rpm; maximum cont inuous] and percentages of max imum
continuons. The throttle setting and specific fuel consumption are caleulatoed
from information supplicd by the trajectory and acrodynamic modules.  The hasle
engine thrust and fuel consumption are corrected for installation losses asso-
clated with the inlet and nozzle.  Engine characteristices in this atwdy are
state-of-the-art and no performance improvemeuts have been used that might be
consldered advanced propulsion system technology.

Rocket propulslon performance is obtalned by gpecilfying the vacuum thrust
and Tuel Tlow. Variation of back pressure with altitude t8 vsed to account
for rocket caglne thrust variation. For the solid propellent rocket o mass
{raction of 0.89 was used.
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TraJeetory Madules

Two trajectary modulen were omployed o the present atudy. The 1t
module perferms the booot trajoectory optidwdzatlon ealonlat Toy, Thin moduloe,
Muwouphorte Trajeerory Optimizat lon Program (ATOP) (relng 9 wd oy, 1.oa
rhyeocdegroocolcfrocdomn program omploying veallotbe alrevaft and atwonphoerd
chavaeteriatiea,  Optimlzation ealeulationn are performed wning either o |
mr g Iple~control multiplo~nare vartatfonal ealewlun nrocodire (retu, 11 and 1),
or by approxlmato parameterlzed methoda (e, 13, basoed on muletivariabla
seavel procodures (refa. 4oand 15). Teajectorien are Integrated nslng o
Fourt le-order Runge=Kut ta method or by any of geveral scandard predietor-
corrector methods,  The boost trajectory propgram «an run as an Independent
propram from ACSYNT.  The sccond trajectory module lo an appregimate mult fuepe=
ment mission annlysis module and s an dntegral part of the AGEYNT program.
Takeol{, ¢limb, acceleration, c¢ruise, endurance, descent and lauwding perfor-
mance are caleulated.  Bquations of motion neglect f1lght-path-angle rate torwms
andd Integratlon ks by approximate step=by-step procedures,

Mass Proporties Module

Weights are caleulated in this module using procedures based on coreela-
tiont of existing data, resulting in empirical equations for the welghts of
the various vehicle components. The basie airframe weights are caleulated
wiing the method of Sanders (ref. 16),  The wing welght is a function of load
factor, aspeet ratlo, leading-edge sweep, taper ratio, thickness-to-chord
ratio, design dynamiec pressure and structural materlal. Load factor, length,
surface arca and diameter are the parameters used in determination of the fuses
lage wedghr, Welghts of the remalnlng components are dotermined by similar
omplrical methods.

Optindzer

This module is coupled to the synthesls program to provide an automatilc
closed loop optimization of the vehicle., The optimization algorithm is hased
on Zoutendijk's method of feasible directions (ref, 17). The optimization
procedure and computer program arc described in refs, 18 and 19, The best
combinatlon of user specificd desipgn varfables to minimize vehicle welght (or
to minimize or maximize any other parameter) is determined subject to pre-
seribod bounds on the vehlele or mission parameters,

Feonomles Module

The development and acquisiifon costs were determined uslng o modiffed
verslon of the cost-—cstimating relatlonships developed by the Rand Corporation
(ref, 20).  The DAPCA computer program used was suppliced by USAF-ASD.  The cos-
ttwating ecquations were derlfved by statistlcal multiple regression techniques,
The airframe engineering hours cquation was modified (by ASD) from one based
on the total aircraft spectrum to an equation based only on cargo, tanker and
subsonie homber afreraft. When correlated against the C=5 and 747 alreralt,
the resulting equation required a lO-percent adjustment upward (ref. 1).




Hoont—Fndurance Interaet fon

Fhe approach uned Tor this stady wian a computerbzed donlgn procedore us-
fng, Che ACSYNT pragram. The acradynawle, propudnton, fvajectory, mans propero
thon and cconomlen characteriatles wore all ealentated,  To do thla 1T In
necerpary Lo apeedly the vehlele concept dn termn of o pgeneral nhape il
component. nreangenentn, Che mtanlon proddle and rechinolopy leveln to hav e
plovoed,  Technolopy leveln that minat be atated arve thone angoe bated with {he
Booul propulalon anglnea and fuel, the erndoe engine-cyele 1o be uned ond Che
alriprame moter lal,

The alrveralt deshgn wan optimlzed by finding the combination of aupeet
ratJo, wing sweep, wing arca, tlhoust-to=welght ratlo ond crulse onpine bypaon
ratto that wminkmlzed alreralt enduranee welght.  Approxfmately 60 desfpn eval=
wil Lons were requlred before the optimum endurance atreraft desdpgn was obtnined
for cach concopt geometry combination, Cateulatlons indicated that best endur-
ance aceurred at a Mach number of 0,55, Depending upon the concept, the best
altltude for endurnnee wis botween 22,000 £t (60,706 m) and 27,000 ft (8,210 m).

Boost trajectories were optimized by determining the throttle his-
tory and angle of attack schedule which minimized boost fuel wedight, subject
tuo a boost dynamic pressure constraint, There fs necensarily an fteration be-
tween the boost trajoctory and adreraft desipn optimization procedure to pro-
vide an optimum aireraft design for the entire mission profile.

Sensitivitios to changes In payload, endurance, dynamic pressure and ma-
terlals technology were obtained. Partial cost (development, acquisition and
fuel) estimates were determined for purchasing a fleet of aircraft which pro-
vide 200 misslles on alr alert.

RESULTS
Boost Trajectory Optimization

Boost trajectories were optimized to minimize boost fuel welght for a
dash of 50 n. mi. in 3 min with a constraint on the maximum dynamic pressure.
'wo tlight profiles were considered: a ballistic, or zero-11it, boost trajec~
tory using a parametrie approach; and a shaped trajectory which utilized 1ift
ind thrust control determined by varfational ealeulus procedures.

Ballistic Mission Profile

The mission profile for the ballistice hoost trajectory Lls shown in figure
5. The vehilele rises vertically for 1,000 ft (305 w), then pitches over, In-
itial plteh angle and burn time are determined by multivariable search (ref.
13), so that the vehicle reaches 50 n, mi. within the gpecified time constratnt
with minfmum boost fuel cxpenditure. The boost vceurs at zero~1l4ft.  Peak dy-
namic pressure ocsurs about the midpoint of the powered ascent., Peak acecler-
ationa are on the order of 3 g's in the axial direction and occur immediately
prior to burnout. The vehicle then follows a ballistic ascent to apogee fol-
lowed by a lifting fFlare-out to keep the seentry dynamic pressures low. Con-
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{ Iparatlon geomerry In chanped priov to heploning the enduranes crubse portdon
of the minston profile. At the ond of the enduraneo lep, the vihllele landa

W Teontally witly the mlantles ahoard, velueidr aud taken af [ obooa conyenb fonal
borizont al manner powered only by the erulne opginen,

Phrnat-to-Welght Rntbo Eiteel

Flgre 0 depfetn typleal winfmun boost fuel Fract Ton aned Thruats towe b
pat Lo varlat bonn ana Tunel fon ol burn lme for the «ryopeale propulnlon g ne
tem. Thene resulin werp obhtained unlng an avrodynombenl ly efean" contlpura
tlan. Ao the burn Clme o Enereaned, the roguived Chrunt = taswelpht ratlo des
ellnen Trom o value of 3.5 tor o burm o fme of A0 gee to ahoul 125 jor a burn
Ulme oF 10 aec. Correapondingly, the fnel fract ton Inttially beglog to tall
A the barn tlwe ds fnercaned Trow 40 see unt 11 abour 70 see, at which 1 L
the fuel fraction then beglng marked rise.  The miniman Foel fraction ol
slight Iy under 30 percent of prosy woelpght I achioved with a burn Lime ol
s pht Ly wore than 70 sec, roguiring Inltinl throst=to=welipght ratio of
about 1.9, The boont fuel fraction minbaum results from two conl Lleting el-
fects.  Fleat, noan efticlent dagh, veloelty should bulld up capldly [ order
to develop a hipgh average upeed Tor a plven fmpulse,  Second, velouelty
builds up too quickly bilgh drag foreed In the fower atmosphore consume the
boost enerpy.  TU Follows that i1 toe short a burn Clme Is employed the
drag Integral ralses boost fue! fraction. Conversely, if the boost s oo
long the averape speed Tor o plven impulse falls aud more boost fvoel Is ree

gutred,

Boost fuel fraction hag o major impact on alrveraft desipn characteristles.
For the boost portion of the tvajectory, it fu desirable to have a supersonle
conl Lguration with high Llneness ratio body and thin wings. For the endurance
portion of the mlssion profile Lt is desirable to have thick wings and low
Fipeness ratlo bodles, much on the ordey of current wide body jets. Fpgure 7
shows the efteet of alreraft desigo characteristics on the boost fuel Feaetion,
represented as burn time requlred to reach 50 n. mi. An alrceraft desipgned for
the endurance portion of the mission requires a burn time of nearly 80 sucy the
supersonic afreralt design roquires a burn time nearly 20 percent less. The
flnal desipgns employed Ia the present study reproesent a compromise between the
rwo boundaries where the etloet of boost desipn geomoetry 1s coupled with the
onduranee reguirementys.  The final designs ble eggentLally between the wholly
gubgonte and supersonic desipns. Therefore, the final desipn has wings which
are somewhat thicker than would be expectod for a suparsonic alreraft, but
thinner thin wonld be anticipated for a subsonic vohicle. The fusclape hay o
pomewhiat hipher floeness ratlo than those Tor subsonle afreratc, but lower
than thoae found In medern pupersonle desipns.

Eitect of Dash Time
Phe effeet of dash time to reach 50 n. mi, was briofty studfed and the
poaadts are shown in fipure B These rosubts were obtained using the modl-

fied Spave Shuttle Veblele. pash tlmes of Ewo- and threc-min were studled
with no constraint o the maximum dynamic proessurae, The 3-min dagh was

Y
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achioved at a maxlmom dynamle presaure of about 1,700 psf (81,396 N/m?) and
reuired o boost fuel ractlon of 54,2 pereont for a thrunt—to~woipht ratio of
2o The Z-min dash required dynamle presauren of ahout 3,000 paf (144,641 N/w”),
For a thrust-to-welght ratfo of 2, the boont fuel fractlon was 69,7 pereent,
Inereasing the thruat-to~welght ratio to three reduced the fuel fraction to
00,3 pereens. Because the dynamie prosse requirements ad hoost fuel frae-
Llong are much larger for the 2-min dash, only the 3-min dash was considerod

for turther Invostipat fon.

A typleal altitude-range profile for both the twoe- aind three~min dash 1s
shown in flgure 9, The 3-min dash requires a burn time of about 76 seey the
Z2-min dash requires a burn all the way (120 sce), and is about 1 1. mi. short
of reaching 50 n. mi, The Mach numbers at the end of the dash were alightly
over 3 for the 3-min dash and nearly 7 for the 2-min dash. The 2-min dash
would therefore require aireraft designed for hypersonic flight conditions.

The parametric approach and ballistic ascent indicates that lowering the
boost dynamic pressure will rapidly increase the required boost fuel fractions
from those shown in figure 8. It becomes apparent that a lifting, variable-
thrust, shaped trajectory will be a better approach to simultaneously control

the dynamic pressure and to determine the path that will minimize the boost
fuel fraction,

Throttle and Alpha Control Profile

Path controlled trajectories were obtained using the variational calculus
option of the program cited in reference 9. The mission profile for a typilcal
path control trajectory is shown in figure 10. After a vertical rise of 1,000
£t (305 m) the vehicle is pitched over to follow a lifting boost path to burn-
out. The path is determined by varying the throttle setting and angle of at-
tack (alpha) to remain within the specified dynamic pressure constratat, Peak
dynamic pressure typically occurs at supersonic speeds beginning about the mid-
dle of the burn period, with the maximum acceleration of about 3 g's occurring
near burnout. The 1ifting vehicle coasts to apogee at nearly constant cnergy.
A gliding reentry is performed to keep entry dynamic pressures low. After the
#liding reentry the vehlcle geometry 1s changed near the begluning of the sub-
sonle endurance portion of the misslon profile. A subsonic cruise endurance
segment is then flow. At the end of the endurance portion of the mission pro-
file the vehicle has the capability to land, refuel and takeoff in a horizontal
mode under the power of the cruise englnes alone.

Flight Profile

A typlcal Mach-altitude path 1s shown in figure 11, The vehicle acceler-
ctes at low altitudes and reaches a Mach number of 1 at an altitude of slightly
over 20,000 ft (6,096 m). The dynamic pressure placard, in this case 500 psf
(23,940 N/m’) is pleked up supersonically ond followed to burnout. Burnout
oceurs near a Mach number of 3 and at an altitude of 70,000 ft (21,336 m). The
vehicele then follows a nenrly constant energy path to an apogee of about
100,000 ft (30,480 m). The 50-n. mi. point 1s reached at a Mach number alight-
Iy over 2.5 at an altitude of about 80,000 ft (24,384 m), A constant dynamic
presdsure path on the order of 200- to 300-psf (9,576 - 14,364 N/m”) 4is thon




followed (o the bent speea and altitude for the endurance portlon of the mis-
nton proftte,  For the conffgurations studied, the Lest Mach number for enduy-
ance THght 18 0,55 at an altitude between 22,000 Tt (6,706 m) and 27,000
(8,230 m), depending upon the vehicle peometry, mass, propulalve, aud o rody-
mamle charnctoriatlen,

Pypleal dynambe pressure histories for thoe shaped trajectory for a ataged-
rocket fixed~wing and an usataged=rocket two-poaition wing are shown 1in flgure
12, The constralng on maximum boost dynamic pressure s 500 psi (23,940 N/m?)
and 18 lmposed by drlving cthe Line lntegral of the dynamie pressure violation
to #ero by the method of ref. 11, To mintmize the boost fuel fraction the
vehietlo trajectory reaches the dynamie pressure placard qulckly and then main-
tains the placard houndary throughout bnost. After burnout there ls a decay
1n dynamic pressure as the vehlcle coasts at nearly constant energy Lo apogee
and then a risc in dynamic pressure occurs as reentry begins, The entry dynam-
ic pressures and those following the descent to the endurance flight conditions
have a maximum value about 60 percent of the boost dynamic pressure placard
level. There is a slight violation of the 500 psf (23,940 N/m?) boundary dur-
ing hoost which with further shaping could be removed. However, the violation
is only about 5 percent greater than the constraint value and does not have «
stgnlficant offect on either the boost fuel fraetion or on the vehicle design.

A typical control history of throttle setting and angle of attack schedule
for the 500 psf (23,940 N/m?) dynamic pressure placard are shown in figure 13.
The history shown is for an unstaged rocket which has a limit on the vacuum
thrust of the four Shuttle englnes of 2.12 million 1b (9.43 x 10° N). This
thrust level constraint is also imposed as a violation Integral. There is an
initial violation of the thrust level, but only over a short period of time.
further refinements can reduce the level, but the violation shown has little
¢ffect on Lthe fuel fraction. The thrust decays initially as the dynamic pres-
surce placavd is reached and then begins to rise towards the end of the main
burn. After termination of the main burn there 1s a low level thrust require-
ment of about 20-percent thrust from one engine until the end of the 3-min
dash, It is assumed that this deep throttle of the boost engines can be
achieved by design changes of the present boost propulsion system. The angle
of attack schedule followed shows variations of about -3° to +1° angle of at-
tack until apogee s reached. The 10° angle of attack is required during the
reentry to maintain low dynamlce pressure.

A straiphtforward explanation of the optimal boost path 1s possible. The
path which the vehicle must follow is Indicated by the optimal boost corridor
shown in Ilgure 14, The corridor through which the vehicle must fly is shown
in the altitude-velocity plane. Minfmum velocity at a given altitude during
boost s that velocity for whlch the flight-path angle remains vertical. This
lower bound 1s shown for a thrust-to-weight ratio of 1.5. The maximum velocity
at a given altftude 18 defined by the dynamic pressure constralnt, in tinls case
500 psf (23,940 N/m?). Tnercasing the thrust-to-welght ratlo moves the mindmum
voloeity boundary closer to the dynamic pressure boundary and can close the
corridor. Similariy, decrcasing the dynamic pressure moves the maximum velo-
city boundary towards the minimum velocity boundary and can also close the cor-
ridor. Therefore considerable care must be given to the cholee of both the
thrust-to-weipht ratio and dynamic pregsure limits to ensure that a corridor
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remaing open along the entire f1ight profite. The actunl variational optlmm
path Tollowed by the vohiecle 18 indiented on the figure, The vehilcle Inteially
romading elose to the thrupt-to~welght rario veloelty houndary, heglng i transl-
rlon F1Lpht path and achieves the mxdmum veloelty boundary near Mach 1 at an
alt ltude of about 20,000 1t (6,096 m). Prom that polnt untll burnont Lthe vehl-
cle maintalng a path along the maximum allowable dynamlce pressure houndary.
Rurnout 1s terminated when the vohicle energy 1s sufficlent to meet the time
constralnt to reach 50 n. wi. at minimum hoost fuel fraction,

Boost Fuel Fraction

The boost Tuel fraction as a fumctlon of dynamic pressure 1s shown in
figurc 15, Curves are prescnted for the staged rocket configuration which
used the solid strap-on boost system, for the two unstaged rocket configura-
tions which use elther the storable 1iquid propellent, UDMH, or the cryogenic
1iquid propellent, LOX/Hs. TFor the staged rocket configurations the boost
fuel fraction shown includes the casing welght to hold the propellent. Fuel
fractlons are highest at the lowest dynamic pressure 1imit. PFor the fixed-
wing configurations at a boost dynamic pressure of 500 psf (23,940 N/m’), the
staged rocket systems have the highest fuel fraction. This is a result of the
lower energy content of the boost propellent. For the staged system, the frac-
tion 1s about 65 percent of the vehicle gross weight. For the unstaged rocket,
the storable llquid system requires a boost fuel fraction of about 50 percent.
The cryogenic propellent, being the most energetic of those studied, requires
a boost fuel fraction of about 40 percent. For the variable geometry config-
urations, the required boost fuel fraction is less, indicating the more favor-
able drag characteristics compared to the fixed-wing configuration. As the
boost dynamic pressure is permitted to increase to about 1,000 psf (47,880
N/m?) there is a rapid reduction in the boost fuel requirement. For dynamic
pressures greater than 1,000 psf (47,880 N/m?) there is only a slight further
roduction in the boost fuel fraction.

A change in the weight of the vehicle, which may arise with changes in
materials technology, payload or other mission parameters, is shown in figure
16. A reduction in gross welght from the nominal value of about 1.1 million
1h (498,952 kg) to a vehicle weighing approximately 800,000 1b (362,874 kg)
requires about 10 percent greater boost fuel fraction. Increasing the weight
to slightly over 1.2 million 1b (544,311 kg) reduces the boost fuel fraction
about 3 percent. Alchough the boost fuel fraction is larger for the lighter
vehicle the boost fuel mass 1s less than for the nominal vehicle.

Pynamic Pressure RBffcct on Structure

As indicated 1n figure 15, higher dynamic pressure decereases the boost
fuel fraction., However, boost fuel is only one aspect of the problem. The
offect of dynamic pressure on the vehicle structural weight muat also be taken
Into account. As the boost dynamice pressurce ig increased the vehicle struc-
turce becomes heavier. This tradeoff between design dynamlce pressure and gross
welght 1s shown dn figure 17. Results are presented for the unstaged rocket
uslng cryogenic propellent. The trends for the other rocket systems are sim-
1lar.
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The deslgn dynamie pressure has a margin of 40 percent over the boont '
dynamic pressure,. Thevelore o deafpn dynamie progaure of 700 paf (13,5106 N/m")
15 required Tar a boost dynamle pressure of 500 pal (273,940 N/n" Y. Phe 700 pos
(V4,516 N/m ) destpn dynamte pressure Lo typleal ol eavvent jel Lranspoctnog
1,100 pat {52,604 N/w ) rvepresentn a value tor Tghter alrerats sueh ag the
A and the =11 hag been deslpned for a dymamle proessure ol aboul 2,000
psl (95,761 N/w’),

The virtable aweep alreraft 15 the llghtest vehlele at the lowest dypamle
progsure, but becomes the heaviest vehiele at the maximm pressure ol 1,300
pal (62,244 N/m') consldered. The fixed=wing afreeaft is somewhat heavier
than the vartable sweep alreraft at the nomlnal design dynomic pressure audd
does not rise as rapidly as the variable-sweep wing afreraft. Conversely, the
two~position wing indicates a reverse trend with increasing dynamic pressure.
This configuration is the heaviest at the lowest design dynamic pressurc and
hecomes lighter with increasing dynamic pressure. This converse behavior is
due to the wing being aligned with the fuselage during boost and attached
rigidly to the fuselage near the wing tips, Thercfore it i3 not subjected
to hiph dynamic pressurce loads during the boost portion of the flight., There
15 a slight fncrease in the weight of the talls and flight controls with
increasing dynamie pressure, but the wing 1s a larger fraction of the afirframe
welght.  The overall trend is for a lower gross weight vehicle since the
higher boost dynamie pressures reguire lower boost fuel fraction.

The curves represent vehleles which have been optimized for each dynamic
prossure and thercfore are not the same vehicle operated at different dynamic
pressures, The lower weight vehicles have a relatively high aspect ratio
wing; those vehicles designed for the highest dynamice pressures have a low as-
pect ratio wing., This is true for both the fixed-wing and variable-sweep wing
aireraft. For the two-position wing the aspect ratlo remains the same since
it is alipned with the fusclage and requires no deslgn changes to withstand
the higher boost dynamic pressures,

The boost fuel Fractions and variations with vehicle welght were used to
obtatn the gross welght of the final designs. Characteristics of the desipn
of two vehicles which will satisfy the dash on warning concept are discussed
in the next scction.

Vohicle Design
staged Rocket

A staged rocket with the two-position wing is shown in figure 18, The
single solld-propellent booster s attached to the underside of the fuselage
with the thrust axls passing through the vehilele center ol gravily. The two-
position wing fs alipned with the fuselage and held rigidly to ft durbng boost.
Near the boginning of the codurance segment of the mlssion profiice the wing Is
rotated Lo the crutse confipuration.  The wing span 1s constrained to provide
clearance For the twin vertteal taits during wing rotation and to clear the
boost propulsion system exhanst plume.  The tails are mounted hiph on the fuse-
lage.  They cannot he located av the mid-position due to Tmplngement of tho
cruige enpglne exhanst. A low tadl would result in dmpIngement ol the exhaust
plune Trom the boost propulsion system,  The four eruise engines are shrouded
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| for eaplne protectlon and drag redouction during supersonle 1lght,  They are
ataged from the englnen priory to wing rotation,

The fuselage diametor ig determined by the ddameter of the alasllea care
rled,  PFuselape welpht penaltles annoctated with atrachments for the uwolld
propel lent boostey are taken Lo be 4 pereent of the Tunelapge welpht . The ompty
rocket caslng wolght was 11 pereent ol the boost Tael,

There are nlso welght penaltles associated with the plvoting mechanlsm for
the variable geometry alreraft.  The pivol weipght penalty was taken to he 15
purcent of the wing welght.  References 21 through 23 indicate the pivot weipht
can vary between 12 to 20 percent of the wing weight. The Special Projects
O0ffice of Rockwell Internmational indieate a pivot penality between 15 to 30 per-
cont for the B-1 supersonic bomber. The major difficulty in assessing pivot
weight 1ies in the fact wings arve not degigned both with and without pivots,
Also, the pivot structure may have multiple uses for items such as launching
gear, engine attachment, cte, As noted above, pivot weight cstimates tend to
vary cven after detailed studies. Studies conducted by the Boeing Company in-
dicate a weight penalty of 7 to 10 percent for the two-position wing. Because
an oblique wing has not been manufactured, a 15-percent wing weight penalty
was used for all variable geometry aireraft.

Details of the pivot mechanism for the two-position wing arc shown in
flgures 19 and 20 (ref. 24). The wing pivot is located between the top of
the fuselage and underside of the wing. This provides uninterrupted carry-
through structures for both the wing and fuselage. The diameter of the pivot
is about 80 percent of the body diamcter. This provides 1ift load paths which
are eaily passed into the body through members under tension loads only. In
consequence, the pivot for the two-position wing takes 1ift loads only and not
primary bending loads which occur on outhoard mounted pivots of conventlonal
variable-sweep aircraft. Separate bearings are used for drag loads and for lift
loads due to both vertical shear and asymmetrical wing bending., The small
asymmetrical wing bending loads are caused by ailleron deflection; not primary
wing 11ift., The drive forces required for pivoting are low rcompared to conven-
tional variable-sweep aircraft since the drag forces ar: balanced from each wing.

-
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Unstaged Rocket

A design for an unstaged rocket fixed-wing ailreraft is shown in figure 21,
The length of the fuselage is determined by the length of missiles, hoost pro-
pellent tanks, clectronics and crow compartment. The diameter of the fusclage
is dictated by the diameter and placement ol four rocket engines.  The rocket
cugloes and propellent tanks remain with the aireratt throughout the mission
profile.

The four erulse englnes are shrouwded during supersonic Might. A deploy-
able alft fuselage shroud is provided to reduce base drag during cruise.  The
concept of deployable base shirouds s not new and has been studied on the NASA
MI-], 11fting body vehicles shown in figure 22, This particular configuration
and base shroud was successinlly tosted in the Ames 40- by 80-Foot Wind Tunnel

(ref. 25).

b ] | 4




~sh
—~——

A sehomat le ol a possible deployable base shroud weehandam o chown In
t1pure 23, A tolescopting fube, inflaclon gan supply and base ahroud are
atowed bBehdnd the rocket enpginen,.  The shrowd g deployved with the rabe hetween
Lhe rocket ongines and a portion of the Toselage shell plunltancounly trang-
lates aft,  When the shivond s Inflated the Taselage extenslons pravide the
neceasary edrveumlerentfal seal nnd the alvoud seals the bases The deployable
shroud ITs a technolopgy ttem which requires development, but 1t appears to be
tochnbeally Teasible.

The eryopenle rocket englnes shown in the flgure represent. the madn one
plnes now under construction Lor the NASA Space Shuttle.  The engine, shown in
[Lgure 24, s about 14 re (4,27 m) long, 8 ft (2.44 m) in diam, and welphs
about 6,000 1b (2,722 kg). The engine has a sca~level thrust of 417,300 1Ib
(1.856 x 10% N), wvacuum thrust ol 512,300 (2.279 % 10" N), and cmergeney thrust
of 530,000 1h (2.358 % 10° N). ‘The vacuum spechlic impulse provided by the
LOX/H. has a value of 456 see.  The engline can be reused up to 7.5 hr with
matntenance purformed between flights using jet cngine technigues similar to
Lthose employed by the airlines tu lower the cost per flight. The engine has
regenerative cooling similar te the F-1 and J-2 engines. A digital computer
monitors engine parameters, such as pressure and temperature, and automatically
adjusts the engine to operate at the required thrust and mixture ratio. The
thrust requirement for the vehicles with UDMI fuel are essentially the same as
for the cryogenle vohicles. Thercefore, development of a new UDMH rocket engine
with geometric characteristics similar to the Space Shuttle engine would be re-
qulred if storable fuels were necessary.

Procedures to maintain eryogenically fueled vehicles on ground alert are
more complicated than for storable liquids. Figure 25 shows a schematic of
one potential cryogenic ground handling procedure. The boiloff from the in-
sulated cryogenic tank is recirculated through a ground based recirculation
system back into the tank aboard the alreraft, A ground based air circulation
gystem circulates warm gas between the insulated tank and fuselage inner shell
to prevent ice buildup. Quick disconnects for the circulation systems gimilar
to those used on space vehlceles are needed. Cryogenically fueled space vehi-
cles have been held for periods exceeding 9 hr with no apparent difficultles
encountered.  These vehicles did not have warm air circulation gyvstems and no
artempt was made to prevent Lfee bulldup. The dash on warning concept will be
on ground alert for periods far greater than 9 hr,  This is a technology item
which must he studied in greater detall, but such a proposed procedurce appears
Lo be Feaslble at the present time.

Modd fied Space Shuttle

The modifled Space Shuttle Vehicle, shown in figure 26, was studled to
Jetermine the capability ol this vehdele which will soon be operational.  The
components of the basle Shuttle which were changed are underlined in the proup
weipht statement shown in fipure 27,

The heat shielding, reaction control system and orbital mancuvering sys-
tom were removed gince these are required for out-of-atmosphoere {light.  The
payload proviston and growth allowinee were removed.  The tanks for the boast
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propellent are loeaved henenth the misaile cargo bhay. A deployabie base ahirond
wite added to roduce erulse drag and che deployment mechandam In Che same as
that propoded for the anstaged rocket.  Two wing-mountod high-bypass-ratlo
turbolan enghlnes were added Tor the endurance minsion,  To provide elearaee
for mlaslie Tauneh, the aingle vertleal tadl wan changed to a canted twlhn-
vertleal tall arrangemont, These modifications Inereascd the empty welpht
about 0 percent above the curvent Space Shuttle,  The gross weight ol the
modl 4 Tod Space Shurtle was 600,000 1 (272,155 kg), comparead to the orbital
degipn gross welight of 245,000 1h (L11,130 kp).

It should be noted that this modified version of the Shuttle would require
missile launch through the top of the fuselage. Fensibility of this mancuver
hag not been Investigated in detail in the present study,

Welghts and Sensitivities

Welght comparisons for the concepts shown in figure 4 are presented in
figure 28 for the nominal mission of a supersonic dash of 50 n. mi. in 3 min,
6~hr subsonic endurance, and a payload of two 100,000 1b (45,359 kg) missiles.
All staged and unstaged rocket configurations have gross welghts in cxcess of
one million 1b (453,592 kg). Gross welghts of the unstaged rockets arc lighter
than the staged rockets, reflecting the lower energy content of the staged
solid-propellent fuel. The storable liquid propellent vehicles are slightly
heavier than the corresponding cryogenic vehicles for a similar reason. Al-
though the storable liquid propellent is a less energetilic fucl than the cryo-
genic, it has a density about four times the cryogenile propellent. This per-
mits smaller rocket propellent tankage and results in a somewhat smaller fuse-
lage.

The modified Space Shuttle had a fixed gross weight of 600,000 1b (272,155
kp). This vehicle satisficd the dash requirement but could carry only one wils-
si{le for 2 hr in the endurance mode. The HTO conventional variable-sweep wing
using the cryogenic propellent for boost was about 70 percent heavier than the
corresponding VIO configuration. The increased weight for horizontal takeoff
1s primarily a result of the wing and landing gear being designed to support
the boost gystem fuel during takeoff. The all alrbreathing HT0 aircraft was
the heaviest vehicle studied, weighing about two-million 1b (907,185 kg). To
satisfy the dash requirement, 10 duct-burning, afterburning engines cach with
200,000 th (889,644 N) of thrust were required. In addition, a dynamic pres-
sure of 1,100 1b/ft” (52,668 N/m”) was required to satisfy the dash require-
ment.  Because the Space Shuttle did not meet the payload/endurance require-
ment s and the HTO configurations were about twice the weight of the VIO con-
copts, they were rejected from further conslderation,

The endurance wedght of the alreraft i the wedght at the ond of the dash,
In contrast to the gross weight comparison, the unstaged rocket vehiclea are
Lheavier at endurance than the staped rockets, This converse behavior reflects
the fncreascd weight of the structure and cruise fuel required to carry the
rocket eapglnes and Lankage throughout the entire migsfon profile.  The UDHH
vehicles are essentially the same weight at endurance as the cryogenic vehi-
cles, It may be noted that these endurance weights are comparabte to current
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wide body naboonle Jel trapgporta,  The alrframe can he made from abunboom aol

oxdating CF-6 or )19 high-bypans-ratio tarholan englnes con be usedd Tor crnine,

The vehiele enpty welghbs are also comparalile to wlde body subsonbie fol
trannportn,  The mstaged roeker concepts vary from about 1.5 to 2 times the
woelpht of the stapged rockets,  Although the anstaged rocket empty welphts are
heavier than the staped voeket, the el fect of costs have velt to be congldereod,
Therefore, Lhe aanatapged roekets wore retalned as candidate conlipurat Tons,

The weipghts ghown In Hipore 28 are for the nominal mlsglon proille.  The
varlation of vohlele pgross welght with changes o payload for the unstaged
rovkets usiuy eryogenle propellent are shown In [igure 29, The gross weipht
divided by the nominal pgross welpght (the welpght given In flg. 28) is shown asg
a function of the payload divided by the nominal payload [two 100,000-11
(44,7359 kg) wisslles]. On these nondimensionalized scales a payload ratio of
0.8 represents two 80,000-1b (36,287 kp) missiles; a value of 1.6 represents
four 80,000-1b (36,287 ki) wissiles, As dndicated by the curves, varlable
geometry alreraft are more sensitlive to changes 1o payload than fixed-wing
aireraft, Another measure of sensitivity 1s the ratio of the percentage
change in gross welght for a l-peveent change 1n payload, evaluatoed at the
nominal. That is, the normalized curve slope at the nominal, For example, a
I=percent change in payload chapges the prodss welpght of the fixed-wing adreraft
by 0.4 percent, cvaluated at the nominal, and by about 0.6 percent for the var-
fable geometry aircrasc.  Numerleal nondimensional sensitivity values permit a
rapid relative asscsswent of the effect of changes in parameters other than
payvload, Thercefore, direct comparisons und ranking of the various parameters
can then be made,

In flgure 30 the normalized sensitivity to changes in payload, endurance,
boost dynamic pressure and airframe material technology are shown for the
staged rocket and unstaged rocket with cryogenic propellent. The range of pay-
loads and endurance studicd are indicated tn the section "Requirements." 7The
range of boost dynamlic pressures considered were from 500 to 1,300 psf (23,940
to 62,244 N/m?). The material technology factors considercd alreraft with air-
frames (except for landing gear) wmade from all-composite materials to all-
alumlinum conventional alrframe material. Uigher numbers {or sensitivity indi-
ciate hipgh sensitivity and are therefore the less desirable.  For example, a
IO-percent change In payload ciuses o S-percent Inercase in pross weight lor
the SR-217 confipuration and a 2. l-percent facrease for the SR-FW confipuration.
The gsensitivity study indicated that all vehicles were most senshiive tao
changes {0 payload and least sensitive to changes In material technology. In
view of the high cost {actors assvciated with composite structures, It would
appear unlikely that the technology risks ol such a structure would be acceepted
for o 1ittle relative padn in reduced welght,  Sensitivity to focreasing boosi
dynamic pressure is fevorable tor the two-positlion wing conligurations, In-
creasing boost dynamie pressure reduces the wolpht of these contfiigourat Jons and
increages the weipht for the other conflpwrations,  The explanation tor this
favarable offeet hits been previously discussed. The sensitivitfes Indieate
that the stapged rockets are the least sensitdve desipn because there is no
dead-wedght at endurance associated with the boost svaten,
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A table of the detatled charactoristies for the nominal ewduranee conl dy-
niatdony nre glson in Appendis A, Typleal praphiend viewn of rhe UR~FW-UDKMH
vehlele an roproaented In the ACSYNT program, nerodynamle nnd propulsion ehar-
acterbst tes are shown.  Group welpht atalenentns for the nomInal eoul Tgural Tong
are piven, Tollowed by tadulated boost fwel fract fons aml thrnat—to~weight
ratios.  Tabulidoed grove welpht scitements for the endurance alvernlt with
changes in miasion paraveters are glven tn Appendix B,

Keonomd e

he nominal requirement for the cconomle study was to malntadn 200 ml e
slles alrborne during an ottack., For an assumed Taunch probability of 90 por-
cont, the purchase of a fleet of 112 aireroft is requived to sintlaly dash on
warning system requirements, Partlal cost clements used in thls study were
development and acquisltion costs tu purchase the fleet and fuel costs for 10
years of operatlon as a function of the number of flaet launches. An aggragaic
learning curve of 80 percent was used on acquisition costs, comparable to cur-
rent experience trends in the acrospace industry. an particular, this learning
rate 18 typical of that encountered in the deesign of subsonic jet transport
aireraft. It has been shown that the cmpty weights of dash on warning aireraft
are comparable to current big subsonic jets and they employ similar airframe
and crulse engine technology.

In addition to airframe costs are the additional cosls associated with
boost propulsion acquirition. For the solid rucket booster this cost was $6
million per launch per aircraft. The booster wad considered expendable, al-
though the $poce Shuttie bovoster is recovevable. However, the Space Shuttle
booster 1s designed for water recovery, not land recovery. It ig penerally
felt that impact velocitied of the presuvit systew prohibit land recovery and
they would have to be redesigned 1 land recovevy s to be considered. The
rofurbishment cost for the Space Shuttle solid rockat hoosters is about $4.7
million per beoster, about 80 percent of the acquisition cost.

The cost of the Space Shuttle cryogenic rocket engine 1s estimated to he
35 million each. lYour rocket engines are required for the unstaged rocket
systems, resulting in a boost propulsion cost of $20 million per alreraft.
This 1s & nonrecurring cost since these reusable engines remain with the vehi-
1o throughout the entire mission profile. The UDMH rocket engines are about
the same size and thrust class as the cryogenie engines. Therefore, it was
agsumed they would also cost $20 million per aircraft. In addition to the ac-
quisition cost, the UDMIt enginc would require a development cost of approxi-
mately $800 million which 1s the development cost of the shuttle engine. TIf
this cost 18 mamortized over 112 operatlonal aireraft, the total cost of UDMH
hoost congines s $27 million per alreraft, §7 million more per aircraft than
the eryogenie rocket cngines. The eruise englne cost 1g estimated to be §1
milllon per engines the current acgquisition cost for CF-6, JI-9 or TF=39 cn-
plues which power the D10, 747 and C-3A, respectively.,

Fuel costs used In this study were 2¢ per 1b (4.4¢ per kg) Tor LOX and
50¢ per 1b (51,10 per k) for Hy,.o  For the mixture rattos of LOX to 1, this
resulis in a net price of 10¢ per 1b (22¢ per ki) Tor the propellent combina-
tlon. ‘The cost for the storable propellent components wis 14¢ per 1b (3l¢ per

18




——

ki) Tor nltrogen tetroxide, 50¢ per b (41,10 por kp) Tor DDHE and 54,000 per
I (S8.80 por kp) Tor hydvazine,  For che Toel o oxldlzer ratios vegulied the
combined propellent cont 4 $1,00 per My (52,20 ver kp).  The ervoluae engloe
dP=4 fnel cont wan A0¢ per gal (60¢ per k),  The cont of aolld propelbend

fuel for the ataged roeket 1o Ineluded In the S6 million-acquiaitton cont,

A comparioon of the development snd acquilstclon conty In bllTHonn of daol-
lare, Tor the varloun concepts s shown In flpare 1. Development, acequind-
tlon and Intrlal boont system conty are predented,  Independent. of wing poeons
vtry, the ataged vocket development and aequistt Lon cont Ts about S4 bl fan,
The wnataged eryogenle concoptn have higher development amd acequlalitcton conts,
primarily vefteetdng their heavier empry wedghta,  The intt tal cost ol the une-
staged rocket boost system s also larpgor than the astaged rocket concepts.
Apaln, independent of wing peometry, cryopenic unstaged rocket development and
acquisition cost are about $7 billion. The storable liquid propellent conecepts
are gomewhat more costly thin the cryogenic concepts, This primarily reflects
the development cost of a new UDMI rocket engine.  The all alrbreathling HTO
concept was the most costly, with a partial cost of about §11 billion. Thin
reflects the heavy empty welght of the alreraft and the devaelepment and avqui-
sition costs associated with advanced airbreathing engines in the 200,000 1b
(889,644 N) thrust class, The costs shown for the variable geometry confipgura-
tions did not consider the lucreased complexity due to wing pivoets. The cost
sonsitivity as a function of complexity is shown in figure 32.

The complexity factor (CF) {is defined as the ratio of labor, englneering
and tooling costs for the complete variable geometry airframe divided by labor,
engincering and tooling costs Tor a fixed-wing aircraft. The costs shown do
not include the boost propulstion system costs. These costs are for the un-
staged rocket UDMU vehicle because 1t had the highest ratio of wing weight to
endurance welght, The normiilized sensitivity indicates that a 10-percent
chanpe in complexity factor will increase the vehiele cost by 5.7 percent., As
noted above, a complexity factor of one was used throughout this study. Figure
32 is pregented to provide information on the costs of varlable geometry atr-
eraft 1 a penalty is warranted. 0Of course, a small penalty is included for
variable geometry by the 15-percent increase in wing welght that was duncluded
in the weight estimates (costs are partially based on weight).

The cost sensitivity to missiles alrborne is shown in figure 33, When
system reliability 48 included, o flect of 56 alreraft are required to main-
tain 100 missiles airborne; 223 are required to malntain 400 missiles afe-
borne.  Todependont ol wing geometry, the staged rockets exhibit the same sens-
Itivity to wumber of missiles airborne.,  For the unstaged rockets the differ-
ences hotween wing peometrices Ly due to atreralc empty wedight.  The UDMH con-
vepts are sliphtly more costly becauge ol the development cost tor o new UDMI
rocket engine.  Dovelopment and acquisition costs are not the entire cconomle
story., A complete ceonomic pleture must also incluwde the fuel cost for the
fiect, Vehicle malntenance and operation costs were outside the preseat study
scope; these were to be determined by USAE-SAMSO under guldelines for making
ceonpomic comparisons among all concepts being consldered in the M=X program.
llowever, development, acquisitfion and fuel costs were computed due to the fm-
pict of fucl costs on system costs,
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Flgure 34 shows the partlal cont an a funetion of alertn (or trainlap
1 Hightn) por yoar. Partdal cost in delined here an development awd acqulal--
tlon contn for the fleet and fuel contn for 10 yenra,  The alveradt are anguied
ta be nlvborne 6 he per alert,  Your aleves per year represent a total of A0
Oect alerts over tho 10 years,  Only the {Hzed-wing configurat lows are pre-
sented, but thoy vequire Uhe groatent boost propellent due to thely higher
conl torag ton deag,

From an Intelal cost of $4 bt lon, the staged rocket costs rise rapldly
with number of atorto per year.  lkach fleet alert requlres the porchase ol o
new 56 mlllLon boosver for cach afrevaft,  The net boont cont per alert s
$600 million for replacement of the expendable uolkd rocketn, At fowr alerts
per year, the partial cost for staped rocket system In about $28 blllton, The
eryopende unstaged rocket 1s dnitianlly more costly than a staged rocket, but
oven at four alerts per year there 1s onty a slight risc fo cost. The only
coats which acerue to thils gystem nt each launch are boost and erulse fucels,
since the rocket englnes and tanks are reusable. At four alerts per year, the
unstaged rocket UDMI cost 14 about $3 billion more than the cryopenic. This
reflects the higher cost of the UDMIL propelleat,

Fpure 35 shows the yearly JP=4 endurance fuel requirements for a Ileet
of aireraft. For this computation, the method for maintalning the fleet on
air alert differs from that discussed above. The fuel shown is for one lh-day
alert per year. To perform this mission, 134 adveraft are required, 22 more
than the previous model. For a taunch probability of 90 percent, to maintaln
100 aircraft on air alert for extended periods, requires that one-sixth of the
fleet be cycled hourly for refueling. The reference values for the number of
pallons in each category are for 1974, Unstaged rocket configurations requirce
more fuel than staged systems, reflecting the dead weight of the boost propul-
sion system which must be carried throughout the mission profile. Staged
rockets require about 1.5 percent of the current utilization of military air-
craft fuely unstaged rockets about 2 percent.

Cost sensitivity studizs for the UR-FW-UDMH vehicle were made for the
320,000 1b (145,250 kg) payload and for l0-percent changes in both payload
and endurance. The cconomic results and group welght statements are presented
tn Appendix C.  An itemizatlon of the development and acqulgition costs for
the nominal corfigurations are also included in Appendix C.

CONCLUDTNG REMARKS

ALl the new concepts studied satisficd the mission profile of a 50 n, mi,
dash in 3 min, 6-hr endurance, and 200,000 1b (90,718 kp) of payload. One of
the most significant Indings {s that the supersonie dash can be achieved at a
dynamie pressure of 500 paf (23,940 N/m’). This is about the game dynamfc
pressure encountered by current subsonic jor transports and sagpests that con-
ventional large subgsonic jet structure and material techitolopgy can be used for
the airframe, The alrframe can be made from conventional aluminum structure
and the crulge engines used for endurance (1Ight are in operation today,
Either the CF=6 or JU-9 wiil satdsfy the endurance erulse and conventional
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takeof f and Tanding requlrementa,  The evyogende unataged rocket conceptr ul -
Fize the curvent Space Shuttle rocket enpine dendpgn,

Al eandldate conf Tpnrat bonn welghed move than one millon I (A5, h92 kp)
at launeh.  There fo a nepgligible welght difference among, the Lhree wing poor
motrien considered mul between the eryopenle and gtorablo 1iguld hoont pro-
pollentn, AL Lawneh, wnntaged vocketn ave nbout 20 pereent Lighter than nrapd
rockets boeouse they une o more energetice boont propellent,  Copveroely, durlng
endupanee f11ght the ataged rockets are about 40 pereent Vipht er Chan unntaged
rocketa beenune they have no dead welipht ansoelatod with the hoont,  The cmply
welpht and endurance lght welght are almdlar te the bip suboonte Jer Grans-
poris,

The horizontal takeoff vehidceles are about 50 percent heavioer than vert i
el takeofs configurations primarily due to the wing and landing pear belug
designed teo support the boost system during takeoff. The all slrbreather wad
the henviest concept consldered, approximately 70 percent greater than the cor-
responddng variable-sweep wing alreraft using a cryogenic propetlent. In addi-
tion to the inercased weight resultlng from horizontal takcoff, the all air-
broanther concept roquired a dynamic pressure in excess of 1,100 paf (52,668
N/m?) to salisfy the dash requirement. Ton duct burning, afterburning cngines
cach with 200,000 1b (889,644 N) of thrust were required to satlsfy the time
constralnt.

The modified Space Shuttle satisfied the dash requirement bub could carry
only once 100,000-1b (45,359 kg) missile for two hr. The gross woeight of the
modificed Shuttle was 600,000 Ib (272,155 kg), comparced to the orbital design
welght of 245,000 1b (111,130 kg).

The development, acquisition and boost propulsion costs to maintain 200
missiles on air alert for 6 hr will be about $4 billion for staged rockets and
about $7 billion for unstaged rockets. Staged rocket costs are highty sensi-
tive to the number of alerts or training fliphts per year because they reguire
an expendable booster, The cost will be nearly $600 million for ecach fleet
atert. Thercefore the unstaged rockets ippear to he the lowest cost configura-
tion 1f even a few fleet training flights or alerts are planned. For these
alreraft the boost propulsion system is reusable and therefore only fuel costs
are incurred at each alert.

The dash-on-warning ccneept will require advancod technology in some
arvas, Technology advincement is required for vehleles which have gross
weights in excess of one million 1b (453,592 kg), although a large portior of
this welght is in boost fuel. An advanced development program is required for
a deployable base shroud for the unstaged rocket vehicles, Thore is a wing
destpn compromise requliring [urther investigation siuce dagh-on-warning nir-
eraft requlres supersonte [Hight during the dash and subsonic fHipht during
erulse,  Turther detatled study 18 required to determine the characteristics
of subsonle-1ike airfolls flylng at supersonic spoeeds.

Another advanced technology arca involves an all-weather vertical-takeoll
with large alreraft, especially in high ground wind., Although the study indi-
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ented no superiority of one wing pgeomebry ovor anather, all-weather Launeh may
favor variablo geometry alvevaft and maken the two-ponlidon wing wont artraes-
tive,  The two-position wing will present. the lowest profdle ro ground windd
while on the louneh pad mud wid 1 probably be leant affeeted duving Tauneh 1n
had wenther,

Phere 10 need for a ground baosed evyogenie reelrenlatlon nyatem, 11 0o
cryogende propalloent boont gyatem 1o Lo be waed,  Alternately, a new rocket
enplne dovelopment. costing approximately $800 million will bhe requived i1 o
storable Ligquid propellent da selectod, '
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APPENDIX A

NOMINAL ENDURANCE VEIFCLE CHARACTERTETTCS

Characteriotien of the enduranen alveraft are pronentod,  The valuen for
hody Jength glven o the table of alreraft geometeie chavacterintien doon not
(e Tude the deployable aft shroud on the unstaged rocket conf lgwrat loan.  The
ahroud Tength 10 determined by uaing o finenenn ratto (alivoud=Tengt h/body-diom)
of 1.5, The thrustepar=ongine Lo the aen=level sentle thrant for one erulse
englue. ALl concoprs required four eruine onglneg,

The views of the UR=MW-UDDMI alveraft are the cenfligurations annlyzed by
the ACSYNT program,

Notations used within this Appendix are given below:
ACCOM Crow accommodations, 1b (kg)
ADV WEAPONS 1 Payload support, 1b (kg)

ADV WEAPONS 2 Boost cngines and tankage, 1b (kg)

ATR COND Air conditioning, 1b (kg)d

ALY Mission altitude, ft (m)

ALPHA Angle of attack, deg

AUX Auxiliary cquipment, 1b (kg)

BOhY Body (same as fuselage), 1b (kg)

] Total drag cocfficient

¢no Minimum drag coefficiont

cL Lift coefficlent

DE-ICK De-1icing equipment, 1b (kg)

BQUILY Equipment, 1b (kg)

FRICT Friction drag cocfficient

HTAIL Horizontal tail, 1b (kg)

HYD Hydraulics, 1b (kg)

INT Interference drag coefficlent
23
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L/D

[EY
MAGH
NACI,
ENFU
PROP
SFC
TAILS
THRUST
VTAIL

WGTD

I
-
—
i

Lift-drag vatia

Landing gear (aame as alighting gear), 1b (kg)

Mach nmumber

Nacelles for eruise engines, 1b (kg)

Pneumatics, 1b (kg)

Propulsion (erulse cogines and fuel ayatem), 1b (kg)

Cruise engine specific fuel consumption, 1b/fuel/1b~thrust/hr
Horizontal plus vertical tail, 1b (kg)

Crulsc cngine thrust, 1b (N)

Vertical tail, 1b (kg)

Weight at start of endurance (end of dash), 1b (kg)

Configuration Notation

UR
SR

2p

LOX
Ho

unMAi

#;"

Unstaged rocket

Staged rocket

Two-poaition wing

Conventional variable-sweep wing
Fixed=-wing

Liquid oxygen

Liquid hydrogen

Unsymmetrical dymethal hydrazine
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UNSTAGED ROCKET — 1TXED WING 1IDMI

GComponent

Adrframe Structure

Prop

Fixe

Fuel

Payl

Wing

TFuaclage

HTail

VTall

Nacelles
Alighting gear

ulsion
Engines
Fuel system

d Equipment

Hyd. & Pneu.
Electrical
Avionics
Instruments

De-icefair cond.

Aux. gear
Crew accom.
Flight controls

oad

Crew

Armament
Ammunition
Missiles

Bombs

External tanks
Adv, weapons 1
Adv. woapons 2

TOTAL:

37

Wedght
1)

e —— e ity T ETE e a =T e oRim T 7Lt b

179,192

78,351
66,503
1,629
7,355
8,149
17,205

40,239

36,074
4,165

28,481

4,091
6,892
5,000
2,653
3,149
2,182
1,395
3,121

145,041

255,720

720
0
0
200,000

Woelpght
(ke

81,279

35,539
30, 165
739
3,336
1,696
7,804

18,252

16,363
1,889

12,920

1,856
3,126
2,268
1,203
1,428

990

633
1,416

65,789

115,992

327
0

0
90,718
0

0
6,803
18, 144

294,292




STAGED ROCKET — TWO-POSITTION WING
ght
Componoent WZ]{;;

Airframe Structure 122,719
Wing 55,685
Fuselage 38,709
HTail 1,581
VTail 6,173
Nacclles 7,783
Alighting gear 12,789
Propulsion 38,430
Engines 34,433

Fuel system 3,997
Fixed Equipment 23,153
Hyd. & Pneu. 3,041
Electrical 5,123
Avionics 5,000
Instruments 1,972
De-icefair cond. 2,340

Aux. gear 1,622
Crew accom. 1,395
Flight controls 2,660

Fuel 123,395
Payload 215,720
Crow 720
Armament 0
Ammunition 0
Miasdiles 200,000
Bombs 0
External tanks 0

Adv., weapons 1 15,000

Adv, weapons 2 0
TOTAL: 523,418
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Welght
(kg)

55,604

25,258
17,558
717
2,800
3,530
5,801

17,432

15,618
1,814

10,502

1,379
2,324
2,268
894
1,061
736
633
1,207

55,971

97,849

327

0

0
90,718
0

0
6,804
0

237,418




STAGED ROCKET —~~ VARTIABLYE. SWEEP
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. - Welght Wedght
GComponent (1h) (kp)
Alrframe Structure 129,415 58,703
Wing 68,584 31,109
Fuselage 35,699 16,193
HTall 1,429 653
VTail 2,801 1,271
Nacelles 7,647 3,469
Alighting gear 13,245 6,008
Propulsion 37,758 17,127
Engines 33,849 15,354
Fuel system 3,908 1,773
Fized Equipment 23,665 10,734
Hyd. & Pneu. 3,149 1,428
Electrical 5,305 2,406
Avionics 5,000 2,268
Instruments 2,042 926
De~ice/air cond. 2,424 1,100
Aux. gear 1,679 762
Crew accom. 1,395 633
Flight controls 2,670 1,211
Fuel 110,189 49,981
Payload 215,720 97,849
Crew 720 327
Armament 0 0
Ammunition 0 0
Missiles 200,000 90,718
Bombs 0 0
External tanks 0 0
Adv. weapons 1 15,000 6,804
Adv. weapons 2 0 0
ToTAL: 516,747 234,39,
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STAGED ROCKET = FLXED WING

. " Welght Wedght

G * *

omponent (1) (k)
Alrframe Structure 126,997 57,605
Wing 66,622 30,219
Fuselage 35,383 16,049
HTail 1,459 662
VTail 2,895 1,313
Nacelles 7,576 3,436
Alighting gear 13,042 5,916
Propulsion 37,409 16,968
Engines 33,537 15,212
Fuel system 3,872 1,756
Fixed Equipment 23,527 10,673
Hyd. & Pneu, 3,101 1,407
Electrical 5,224 2,370
Avionics 5,000 2,268
Instruments 2,011 912
De-icefailr cond. 2,387 1,083
Aux. gear 1,654 750
N Crew accom. 1,395 633
Flight controls 2,753 1,250
Fuel 100,323 45,506
Payload 215,720 97,849
Crew 720 327
Armament 0 0
Ammunition 0 0
Miuailes 200,000 90,718
Bombs 0 0
FExternal tanks 0 0
Adv. weapons 1 15,000 6,804
Adv. weapons 2 0 0
TOTAL: 503,976 228,601
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UNSTAGED ROCKET' -— TWO-POSITTON WING

—

Component: w?iﬁ?t w?iﬁ?t
Alrframe Structure 218,119 98,936
Wing 96,044 43,565
Fuselage 75,389 34,195
HTail 2,308 1,047
VTail 10,451 4,740
Nacelles 12,264 5,563
Alighting gear 21,663 9,826
Propulsion 60,559 27,469
Engines 54,290 25,626

Fuel syatem 6,268 2,843
Fixed Equipment 33,456 15,175
Hyd. & Pneu. 5,151 2,336
Electrical 8,678 3,936
Avionics 5,000 2,268
Instruments 3,340 1,515
De-ice/air cond. 3,964 1,798

Aux, gear 2,747 1,246
Crew accom. 1,395 633
Flight controls 3,181 1,443

Fuel 184,209 83,556
Payload 265,720 120,529
Crew 720 327
Armament 0 0
Ammunition 0 0
Missiles 200,000 90,718
Bombsa 0 0
External tanks 0 0

Adv. weapons 1 15,000 6,804

Adv, weapons 2 50,000 22,680
TOTAL: 762,063 345,666

A
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UNSTAGED ROCKET — VARTABLYE SWEEP

Component

Alrframe Structure

Wing

Fuselage

HTail

VTail

Nacelles
Alighting gear

Propulsion

Fuel

‘-n‘.; | H—

E@%ﬁ&“ﬂ!ﬂﬂfk
!
|
|
|
!
|

Engines
Fuel system

Fixed Equipment

Hyd. & Pneu.
Electrical
Avionics
Instruments
De~icefatir cond.
Aux, gear

Crew accom,
Flight controls

Payload

Crow

Armament
Ammunition
Misgiles

Bombs

External tanks
Adv. weapons 1
Adv. weapons 2

TOTAL:

42

R Tl Ty P

Welpht
(1h)

Welght
(kg)

214,273

104,258
71,120
2,184
4,845
10,963
20,903

54,131

48,528
5,603

12,666

4,970
8,373
5,000
3,223
3,825
2,650
1,395
3,230

160,771

265,720

720

0

0
200,000
0

0
15,000
50,000

727,561

97,193

47,291
32,259
991
2,198
4,973
9,481

24,553

22,012
2,541

14,817

2,254
3,798
2,268
1,462
1,735
1,202

633
1,465

72,924

120,529

327

0

0
90,718
0

0
6,804
22,680

330,016




UNSTAGED ROCKET — FIXED WING

- —————

Weight Welght

Component (1b) (kg)
Airframe Structure 192,205 87,183
Wing 84,600 38,374
Fuselage 71,838 32,585
HTail 1,924 873
VTail 4,323 i,961
Nacelles 10,468 4,748
Alighting gear 19,052 8,642
Propulsion 51,688 23,446
Engines 46,338 21,019
Fuel asystem 5,350 2,427
Fixed Equipment 20,611 13,886
Hyd. & Pneu. 4,530 2,055
Electrical 7,632 3,462
Avionics 5,000 2,268
Instruments 2,937 1,332
De-ice/air cond. 3,487 1,582
Aux. gear 2,416 1,096
Crew accom, 1,395 633
Flight controls 3,214 1,458
Fuel 154,417 70,042
Payload 265,720 120,529
Crew 720 327
Armament 0 0
Ammunition 0 0
Misailes 200,000 90,718
Bombs 0 0
External tanks 0 0
Adv, weapons 1 15,000 6,804
Adv, weapons 2 50,000 22,680
TOTAL: 694, 641 315,086
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UNSTAGED ROCKEY, UDMH — TWO=-POSITION WING

P ————— it R I e

. Weight Welipht
Component (1h) (kg)
Airframe Structure 182,294 82,688
Wing 82,831 37,572
Fuselage 62,320 28,268
HTail 1,872 849
VTail 7,962 3,612
Nacelles 9,412 4,269
Alighting gear 17,897 3,118
Propulsion 46,474 21,080
Engines 41,663 18,898
Fuel system 4,811 2,182
Fixed Equipment 29,153 13,223
Hyd. & Pneu. 4,255 1,930
Electrical 7,169 3,251
Avionics 5,000 2,268
Instruments 2,759 1,251
De-ice/air cond, 3,275 1,486
Aux. gear 2,269 1,029
Crew accom, 1,395 633
Flight controls 3,031 1,375
Fuel 157,289 71,345
Payload 247,720 112,364
Crew 720 327
Armament 0 0
Ammunition 0 0
Missiles 200,000 90,718
Bomhs 0 0
External tanks 0 0
Adv. weapons | 15,000 6,804
Adv. weapons 2 32,000 14,515
TOTAL: 662,930 300,700
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THRUST-TO-WELGHT RATIO AND BOOST FUEL FRACTION (NOMINAL CONFIGURATIONS)

NOTE:

Boost Dynamic Pressure = 500 psf (23,940 N/m?)

Concept

SR-FW

SR-VS

SR-2P
UR-FW-LOX/H,
UR-VS-LOX/H,
UR-2P-LOX/H,
UR-FW-UDMH

UR~-2P-UDMH

Thrust-to-Weight

Boost Fuel Fraction

2,31
2.60
2.64
1.85
1.95
1.82
1.65

1.77

Propulsion System

Solild
LOX/H,

UDMH

0.643
0.598
0.578
0.395
0.331
0.347
0.495
0. 448

Maximum Vacuum Thrust
Million 1b (10° N)

3.6 (16.014)
2.12 (9.43) - emergency power
2,12 (9.43)

For the SR configurations, the boost fuel fraction shown includes the
strap-on casing weight (11 percent of boost fuel).
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APPENDIX K

GROUP WETGHT STATEMENTS OF THE ENDURANCE ALRCRAFT WITH CHANGES

IN PAYLOAD, ENDURANCE, DYNAMIC PRESSURE AND ALRFRAME MATERIALS TECHNOLOGY

Group welght statements for the endurance aireraft arc presentoed for con-
figurations other than the nominal. The welght statements presented are for
changes in payload, endurance, dynamic pressure and alrframe materials tech-
nology. Included are the boost fuel fraction to determinc vehicle gross take-
off weight and sea~level static thrust per cruise engine. For the staged
rocket systems, the boost fuel fraction includes the strap-on casing weight
(11 percent of boost fuel). The configuration notation is given in Appendix A,

To determine vehicle gross takeoff welght from these tables, use the
weight indicated by "TOTAL," the boost fuel fraction indicated and substitute

into the following relation:

. TOTAL
WGTO = 77 "Fooat Fuel Fraction

where

WGTO = Cross Takeoff Welght (welght at launch)
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GROUD WETGHT STATFEMENT

CONFTGURATION: SR-2P

Pnylond 2 - BOK M-X 4 - HOK M-X
(36,287 kg) (36,287 Ty)
Welght . Wolpht
Component (1b) (kg) LAY o (kg)
Alrframe Structure 113,692 51,570 166,179 15,347
Wing 52,507 23,817 70,283 31,879
Fuselage 36,425 16,522 45,834 20,790
H, Tail 1,272 577 3,746 1,699
V. Tail 5,342 2,423 13,654 6,193
Nacelles 6,505 2,951 14,209 6,445
Alighting gear 11,641 5,280 18,453 8,370
Propulsion 32,120 14,569 70,163 31,825
Engines (4) 28,795 13,061 62,900 28,531
Fuel system 3,325 1,508 7,263 3,294
Fixed Equipment 21,895 5,931 29,473 13,367
Hyd. & Pneu 2,768 1,256 4,387 1,9%0
Electrical 4,663 2,115 7,392 3,352
Avionies 5,000 2,268 5,000 2,268
Instruments 1,795 814 2,845 1,290
De-ice/air cond. 2,130 966 3,377 1,532
Auxiliary gears 1,476 670 2,340 1,06]
Furnish & equip. 1,395 633 1,395 633
Flight controls 2,668 1,210 2,737 1,24)
Cruise Fuel 97,532 44,240 240,749 109,202
Payload 175,720 79,705 335,720 152,280
Crew (3) 720 327 720 327
Missiles 160,000 72,575 320,000 145,150
Payload support 15,000 6,803 15,000 6,803
Boost engines & tanks ¢ 0 0 0
TOTAL: 440,959 200,015 842,284 182,05
Boost Fuel Fraction 627 . 532
(T/EN)qlq 26,500 117,878 N 56,000 249,100 N
47




i | | | !
. : ! ! I
' : ! I !
' GROUT WETGHT STATEMENT
i
CONFLGDRATION:  SR--21
Enduranee 8 hr 10 i
Woeldght We lpht
oo Cowponent LAy k) 0 €110 N 1))
Alrframe §tructure 142,800 64,772 161,896 7,413
Wing 67,184 30,474 68,772 31, 194
Tuselage 41,005 18,640 45,5453 20,0659
H. Tall 2,175 987 3,740 1,696
V. Tail 8,192 3,716 i3,818 6,268
| Nacel les 9,269 4,204 12,518 5,678
5 Alighting gear 14,885 6,751 17,503 7,939
i Propulsion 45,770 20,761 61,810 28,000
i Englnes (4) 41,032 18,612 55,412 25,134
Fuel system 4,738 2,149 6,398 2,902
Fixed Equipment 25,517 11,575 28,423 12,893
Hyd. & Pneu. 3,532 1,602 4,161 1,887
Electrical 5,951 2,699 7,011 3,180
Avionies 5,000 2,268 5,000 2,268
Instruments 2,290 1,039 2,699 1,224
{ De-ice/air cond. 2,718 1,233 3,203 1,453
B Auxiliary gears 1,884 855 2,219 1,007
1 Furnish & equip. 1,395 633 1,395 633
3 Flight controls 2,747 1,246 2,735 1,241
Crulse Fuel 189,657 86,027 359,561 163,094
& Payload 215,720 97,849 215,720 97,849
Crow (3) 720 327 720 327
Misailes 200,000 90,718 200,000 90,718
Payload support 15,000 6,804 15,000 6,804
RBoost engines & tanks 0 0 0 0
TOTAL: 619,464 280,984 827,410 375, 306
Boost Fuel Fraction . 555 . 532
(T/EN)q]q 37,200 165,474 N 49,700 221,077 N

48




GROUT WETGUT STATEMENT

CONITTGURAT LON:

Dynmede Prosaure

e oo Component

Alrframe Structure
Wing
Fugelage
il. Tail
V., Tail
Nacelles
Allighting gear

Propulsion

Engines (4)
Fuel system

Fixed Equipment

Hyd. & Pneu,
Electrical
Avionics
Instruments
De~ice/air cond.
Auxillary gears
Furaish & equip.
Flight controls

Cruise Puel

Tayload

Crew (1)

Miasdles

Payload support

Bovat engines & tanks

TOTAL:
Boost Fuel Fraction

(T/EN) g

Si--2p

1,000 pat
(47,880 N/w’)

49

Wolpht
O k)
124,820 50,017

55,085 25,258
38,709 17,558
1,950 885
7,616 3,455
7,783 3,530
13,077 5,932
38,430 17,432
34,452 15,627
3,978 1,804
23,453 10,638
3,041 1,379
5,123 2,324
5,000 2,268
1,972 894
2,340 1,061
1,622 736
1,395 633
2,960 1,343
127,081 57,643
215,720 97,849
720 327
200,000 90,718
15,000 6,804
0 0
529,504 240,179
493
31,400 139,674 N

1,300 pot
(62,204 N/w')

Wedpht
LA (k)
125,516 56,9473
55,0685 25,258
318,700 17,5548

2,451 1,112
7,045 3,404
7,783 3,530
13,243 6,007
38,4230 17,432
34,452 15,627
3,978 1,804
23,696 10,748
3,041 1,379
5,123 2,324
5,000 2,268
1,972 894
2,340 1,061
1,622 736
1,395 633
3,203 1,453
134,454 60,987
215,720 57,849
720 327
200,000 90,718
15,000 6,804
0 0
537,816 243,949
488
31,400 139,674 N

1



GROUDP WELGUT STATEMENT

CONFLOURATION:  8R-27

AMrframe Matorinl Technology Componito
Woelght
.. Gomponents N ¢ 110 S R ¢ 1)
Alrfrome Structure 84,332 38,252
Wing 318,150 17,305
Fuselage 25,741 11,670
4. Tail 1,166 529
V. Tail 5,087 2,307
Nacelles 4,683 2,124
Alighting gear 9,505 4,311
Propulsion 313,032 14,983
Engincs ‘4) 29,613 13,432
Fucl system 3,419 1,551
Fixed Equipment 19,597 8,889
Hyd. & Pneu. 2,260 1,025
Electrical 3,808 1,727
Avionilces 5,000 2,268
Ingtruments 1,465 665
Deo=icefair cond. 1,739 789
Auxiliary gears 1,205 547
Furnish & equip. 1,395 633
Flight controls 2,725 1,236
Cruisce Fuel 100,261 45,478
Payload 215,720 97,849
Crew (3) 720 327
Missiles 200,000 90,718
Payload support 15,000 6,804
koost engines & tanks 0 0
TOTAL: 452,942 205,451
Boost Fuel Fraction .618
(T/EN) g1 27,200 120,992 N
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GROUP WEIGHT STATEMENT

CONFTOGURATION:  HR-VS

Paylond 2 ~ RBOK M-X
(36,287 kp)
Wodipht
e oo Gomponent 1) B .12 I
Alrframe Structure 105,875 48,024
Wing 52,057 23,613
lfuselage 33,31 15,110
1. Tail 1,058 480
V. Tail 2,236 1,014
Nacclles 6,261 2,840
Alighting gear 10,952 4,968
Propulsion 30,916 14,203
Engines (4) 27,716 12,572
Fuel asystem 3,200 1,451
Fixed Equipment 21,022 9,535
Hyd. & Pneu. 2,604 1,181
Electrical 4,387 1,990
Avionlcs 5,000 2,268
Instruments 1,689 7166
De-ice/air cond. 2,004 909
Auxiliary gears 1,389 630
Furnish & equip. 1,395 633
Flight controls 2,554 1,158
Cruise Fuel 91,661 41,577
Payload 175,720 79,706
Crew (3) 720 327
Missiles 160,000 72,575
Payload support 15,000 6,804
Boost engines & tanks 0 0
TOTAL: 425,194 192,865
Boost Fuel lFractlon .658
(T/EN)SLS 25,500 113,430 N

i - BOK M-X
{30,287 L)

Wolpht
Lapy (k)
163,389 112
85,762 38,901
40,980 18,548
2,837 1,287
5,030 2,282
11,535 5,232
17,245 1,822
56,959 25,836
51,063 23,162
5,896 2,674
28,154 12,770
4,100 1,860
6,109 2,771
5,000 2,208
2,659 1,206
3,156 1,432
2,187 992
1,395 633
2,748 1,246
177,973 80,727
335,720 152,281
720 427
320,000 145,150
15,000 6,804
0 0
762,145 345,726
. 356
45,800 203,729 N




Fadurancoe

Component.

Afrframe Structurc

Wing

Fusclage

H, Tail

V. Taill
Nacelles
Alighting gear

Propulsion

Engines (4)
Fuel system

Fixed Equipment

Hyd, & Pneu.
Electrical
Avionics
Instruments
De-1icefalr cond.
Auxiliary gears
Furnish & cquip.
Flight controls

Cruise Tuel

Payload

Crew (3)
Missiles
Payload support

Boost engines & tanks

TOTAL:
RBooat Mwel Fraction

(171N 518

GROUP WEIGHT STATEMENT

CONVLOGURATION:  BR-VH

B hr
Weipht

0.} S ¢+ O
163,614 74,214
94,947 43,067
37,726 17,112
1,942 881
3,630 1,647
9,031 4,096
16,338 7,411
44,592 20,227
39,976 18,133
4,616 2,094
27,264 12,367
3,884 1,762
6,545 2,968
5,000 2,268
2,519 1,143
2,990 1,356
2,072 940
1,395 633
2,859 1,297
152,592 69,215
215,720 97,845
720 327
200,000 90,718
15,000 6,804
0 0

603,782 273,872
574

36,200 161,026 N

52

10 hr
Welght
LAWY o )
190,236 86,290
113,685 51,567
39,913 18,104
2,514 1,140
4,521 2,051
10,649 4,830
18,954 8,597
52,582 23,851
47,139 21,382
5,443 2,469
30,244 13,718
4,506 2,044
7,593 3,444
5,000 2,268
2,922 1,325
3,469 1,574
2,403 1,090
1,395 633
2,956 1,341
218,763 99,229
215,720 97,849
720 327
200,000 90,718
15,000 6,804
0 0
707,545 320,937
. 362
42,500 189,049 N




ip

GROUP WEIGHT STATEMENT
CONFIGURATTON:  HR-~VS

Dynamic Pressure 1,000 paf
(47,880 N/n?)

Weilght
Component (1b) (kg)
Adrfrome Structure 173,583 78,736
Wing 95,029 43,104
Fuselage 40,148 18,211
H. Taill 3,109 1,410
V. Tail 6,727 3,051
Nacelles 10,810 4,903
Alighting gear 17,760 8,056
Propulsion 53,375 24,210
Engines (4) 47,850 21,704
Fuel system 5,525 2,506
Fixed Equipment 28,964 13,138
Hyd. & Pneu. 4,223 1,916
Electrical 7,114 3,226
Avionics 5,000 2,268
Instruments 2,738 1,242
De~icefair cond. 3,250 1,474
Auxiliary gears 2,252 1,021
Furnish & equip. 1,395 633
Flight controla 2,992 1,357
Cruise Fuel 247,766 112,385
Payload 215,720 97,849
Crew 720 327
Migsiles 200,000 90,718
Payload support 15,000 6,804
Boost englnes & tanks 0 0
TOTAL: 719,408 326,318
Hoost Fuel Fraction 499
(T/EN)SLS 43,200 192,163 N
53

1
(62

1b)

203,936

119,656
41,266
3,309
7,589
11,722
20,394

57,879

51,888
5,991

32,049
4,849
8,169
5,000
3,144
3,732
2,586
1,395
3,174

267,688

215,720
720
200,000
15,000
0
777,272
494

46,700

» 300 paf
y 204 N/m?)

Welpht

92,504

54,275
18,718
1,501
3,442
5,317
9,251

26,253

23,536
2,717

14,537

2,199
3,705
2,268
1,426
1,693
1,173

633
1,440

121,421

97,849

327
90,718
6,804
0

352,565

207,732 N

Akg)




GROUD WRIGIHY STATEMENT

CONFIGURATTION: SR-V8

Adrframe Material Technology Composite
Weight
Components (1b) {kg)
Airframe Structure 89,611 40,646
Wing 49,091 22,267
Fuselage 23,6066 10,734
H. Tail 798 362
V. Tail 1,657 152
Nacelles 4,563 2,070
Alighting gear 9,836 4,462
Propulsion 32,186 14,599
Engines (4) 28,854 13,088
Fuel system 3,332 1,511
Fixed Equipment 19,953 9,051
Hyd. & Pneu. 2,338 1,060
Electrical 3,940 1,787
Avionics 5,000 2,268
Instruments 1,516 688
De-icefair cond. 1,800 8le
Auxiliary gears 1,247 566
Furnish & equip. 1,395 633
Flight controls 2,717 1,232
Cruise Fuel 85,887 38,958
Payload 215,720 97,849
Crew () 720 327
Missiles 200,000 90,718
Payload support 15,000 6,804
Boost engines & tanks 0 0
TOTAL ¢ 443,357 201,103
Roost Fuel Fractiom 642
(T/EN)SLS 26,600 118,323 N
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GROUP WEIGHT STATEMENT

CONFIGURATION: SR-FW

Payload 2 - HOK M-X 4 - 80K 1-X
(36,287 kg) (36,287 kg)
Weight ' Wed- ht
Component {1b) (kg) (1lb) (kg)
= Alrframe Structure 97,715 44,323 154,291 69,985
= Wing 45,360 20,575 78,978 35,824
== Fuselage 32,887 14,917 40,470 18,356
_ H. Tail 1,011 459 2,637 1,196
V. Tail 2,174 986 4,679 2,122
Nacelles 6,029 2,735 11,117 5,043
Alighting gear 10,254 4,651 16,410 7,443
Propulsion 29,771 13,504 54,895 24,900
Engines (4) 26,689 12,106 49,213 22,323
Fuel system 3,082 1,398 5,682 2,577
= Fixed Equipment 20, 261 9,190 27,271 12,370
Hyd. & Pneu. 2,438 1,106 3,901 1,769
— Electrical 4,107 1,863 6,573 2,981
. Avionics 5,000 2,268 5,000 2,268
= Instruments 1,581 717 2,530 1,148
— De-icefair cond. 1,876 851 3,003 1,362
— Auxiliary gears 1,300 590 2,081 944
Furnish & egquip. 1,395 633 1,395 633
Flight controls 2,564 2,788 1,265
Cruise Fuel 86,653 39,305 163,607 74,210
Payload 175,720 79,706 335,720 152,281
Craw (3) 720 327 720 327
Missiles 160,000 72,575 320,000 145,150
Payload support 15,000 6,804 15,000 6,804
Boost engines & tanks 0 0 0 0
TOTAL: 410,120 186,028 735,784 333,746
Boost Fuel Fraction . 707 .599
(T/EN)qu 24,600 109,426 N 44,200 196,611 N
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GROUT WETCGHT STATEMENT

CONFLOURATTON:  SR-IW

Endurnnce 8 hr # hr
Weight ' Wedight
. Component . (1b) _ (kg) 1b o (kyd
Airframe Structure 144,166 65,392 163,213 77,032
Wing 79,021 35,843 91,776 41,629
Fuselage 36,960 16,765 38,850 17,622
H, Tail 1,726 783 2,170 984
V. Tail 3,264 1,481 3,944 1,789
Nacelles 8,507 3,859 9,855 4,470
Alighting gear 14,688 6,662 16,618 7,538
Propulsion 42,007 19,054 48,662 22,073
Engines (4) 37,659 17,081 43,625 19,788
Fuel system 4,348 1,972 5,037 2,285
Fixed Equipment 25,420 11,530 27,623 12,530
Hyd. & Pneu. 3,492 1,584 3,951 1,792
Electrical 5,884 2,669 6,657 3,020
Avionics 5,000 2,268 5,000 2,268
Instruments 2,265 1,027 2,562 1,162
De-icefair cond. 2,688 1,219 3,041 1,379
Auxiliary gears 1,862 B45 2,107 956
Furnish & equip. 1,395 633 1,395 633
Flight controls 2,834 1,285 2,910 1,320
Cruilse Fuel 142,462 64,620 200,601 90,991
Payload 215,720 97,849 215,720 97,849
Crew (3) 720 327 720 327
Missiles 200,000 90,718 200,000 90,718
Payload support 15,000 6,804 15,000 6,804
Boost engines & tauks 0 0 0 0
TOTAL: 569,775 258,446 655,819 297,474
Boost Fuel Fraction . 620 610
(’I‘/EN)qIS 34,200 152,129 N 39,400 175,260 N
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Dynamic Pressure

Component

Alrframe Structure

Wing

Fuselage

H., Tail

V. Tail
Nacelles
Alighting gear

Propulsion

Engines (&)
Fuel system

Fixed Equipment

Hyd. & Pneu.
Electrical
Avionics
Instruments
De~icefair cond.
Auxiliary gears
Furnish & equip.
¥light controls

Cruise Fuel

Payload

Crew (3)

Missiles

Payload support

RBoost engincs & tanks

TOTAT:
Boost Fuel Fraction

(T/EN) g

GROUP WRIGHT STATEMENT

CONFIGURATION: SR-TW
1,000 psf 1,300 paf
(47,880 N/m?) (62,244 N/m?)
Welght Welght
(1b) (kg) (1b) (kg)
159,162 72,195 184,819 83,833
81,489 36,963 103,373 46,889
39,704 18,009 40,583 18,408
3,334 1,512 3,256 1,477
7,616 3,455 7,698 3,492
10,465 4,747 11,159 5,062
16,554 7,509 18,750 8,505
51,672 23,438 55,100 24,993
46,323 21,012 49,397 22,406
5,349 2,426 5,703 2,587
27,663 12,548 30,258 13,725
3,936 1,785 4,458 2,022
6,631 3,008 7,511 3,407
5,000 2,268 5,000 2,268
2,552 1,158 2,891 1,311
3,029 1,374 3,431 1,556
2,099 952 2,378 1,079
1,395 633 1,395 633
3,021 1,370 3,194 1,449
242,973 110,211 255,685 115,977
215,720 97,849 215,720 97,849
720 327 720 327
200,000 90,718 200,000 90,718
15,000 6,804 15,000 6,804
0 0 0 0
697,190 316,241 741,582 336,377
. 521 516
41,800 185,936 N 44,500 197,946 N
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Component

Afrframe Structure

Wing

Fuselage

H, Tail

V. Tail
Nacelles
Alighting gear

Propulsion

Engines (4)
Fuel system

Fixed Equipment

Hyd. & Pneu.
Electrical
Avionics
Instruments
De-1ice/air cond.
Auxiliary gears
Furnish & equip.
Flight controls

Cruise Fuel

Payload

Crow (3)
Missiles
Payload support

Boost engines & tanks

TOTAL:
Roost Fuel Fraction

(T/EN)SLS

GROUP WEIGHT STATEMENT

CONFIGURATION: SR-TW

Adrframe Material Technolopy

tomposlio

Welght
{1b) (kg)
105,791 47,986
61,668 27,972
24,291 11,018
1,023 464
2,105 Q55
5,273 2,392
11,431 5,185
37,195 16,871
33,345 15,125
3,850 1,746
21,729 9,856
2,718 1,233
4,579 2,077
5,000 2,268
1,762 799
2,092 949
1,449 657
1,395 633
2,734 1,240
96,664 43,846
215,720 97,849
720 327
200,000 90,718
15,000 6,804
0
477,099 216,408
.657
30,600 136,116 N
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GROUP WEIGHT STATEMENT

CONFIGURATION: UR-2P (LOX/H»)
2 - 80K M-X
(36,287 kg)
Weight
Component (1b) (kg)
Alrframe Structure 188,335 85,428
Wing 79,472 36,048
Fuselage 71,150 32,273
H. Tail 1,629 739
V. Tail 7,885 3,577
Nacelles 9,724 4,411
Alighting gear 18,475 8,380
Propulsion 48,015 21,779
Engines (4) 43,045 19,525
Fuel system 4,970 2,254
Fixed Equipment 29,837 13,535
Hyd. & Pneu. 4,393 1,993
Electrical 7,401 3,357
Avionics 5,000 2,268
Instruments 2,849 1,292
De~ice/air cond. 3,381 1,534
Auxiliary gears 2,343 1,063
Furnish & equip. 1,395 633
Flight controls 3,075 1,395
Cruise Fuel 155,508 70,537
Payload 225,720 102,385
Crew (3) 720 327
Misgsiles 160,000 72,575
Payload support 15,000 6,804
Boost engines & tanks 50,000 22,680
TOTAL! 647,415 293,664
Boost Fuel Traction .378
(T/EN)SLS 38,900 173,036 N
59

4 - BOK M-X
(36,287 ky)
Welpght
by o (kg)
344,771 156,385
161,385 73,203
92,283 4),859
4,065 1,844
14,088 6,390
33,778 15,321
39,172 17,768
166,788 75,654
149,524 67,823
17,264 7,831
52,909 23,999
9,313 4,224
15,691 7,117
5,000 2,268
6,039 2,739
7,168 3,251
4,967 2,253
1,395 633
3,336 1,513
396,817 179,993
385,720 174,960
720 327
320,000 145,150
15,000 6,804
50,000 22,680
1,347,005 610,991
316
128,000 569,372 N




=

Component

GROUP WETGHE STATEMENT

CONFTGURATTON

Endurance

Alrframe Structure

Wing

Fuselage

H. Tail

V. Tall
Nacelles
Alighting gear

Propulsion

Engines (4)
Fuel system

Fixed Equipment

Hyd. & Pneu.
Electrical
Avionics
Instruments

De-icefalr cond.

Auxiliary gears

Furnish & equip.

Flight controls
Cruise Fuel

Payload

Crow (3}
fagiles
Payload support

Boost engines & tanks

TOTAL:
Boost Fuel Fraction

(T/EN) g1 o

UR-21P (LOX /1))

8 hr

Welght

—— e e i rwr————— S S~

271,548

135,520
80,421
2,820
11,737
14,522
26,528

71,709
64,286

7,423
18,996

6,307
10,627
5,000
4,090
4,855
3,364
1,395
3,358

266,236

265,720
720
200,000
15,000
50,000
914,209
.333

57,100

60

123,172

61,471
36,478
1,279
5,324
6,587
12,033

32,527

29,160
3,367

17,688

2,861
4,820
2,268
1,855
2,202
1,526

633
1,523

120,763
120,529
327
90,718
6,804
22,680

414,679

253,993 N

10 hr

Welght

(=181

omOImRaAZC0

om0




Dynamle Pressure

Component

CONPTGURATION:

Alrframe Structure

Wing

Fuselage

H. Tail

V. Tail
Nacelles
Alighting gear

Propulsion

Engines (4)
Fuel system

Fixed Equipment

Hyd. & Pneu.
Electrical
Avionics
Ingtruments
De~1ice/air cond.
Auxillary gears
Furnish & equip.
Flight controls

Cruise Fuel

Payload

Crew (3)
Missiles
Payload support

Boost englnes & tanks

TQTATL:
Booust Fuel Fraction

(T/EN) g o

GROUY WEIGHT STATEMENT

1,000 psf
(47,680 N/m?)

UR-2P (LOX/112)

Weilght
_{1b) (ke
220,348 99,948
96,044 43,565
75,389 34,196
2,847 1,291
11,791 5,348
12,264 5,563
22,013 9,985
60,559 27,469
54,290 24,626
6,268 2,843
33,815 15,339
5,151 2,336
8,678 3,936
5,000 2,268
3,340 1,515
3,964 1,798
2,747 1,246
1,395 633
3,540 1,737
185,313 84,057
265,720 120,529
720 327
200,000 90,718
15,000 6,804
50,000 22,680

765,755 347,342

. 293

48,600 216,183 N

61

1
(62

an

222,680

96,044
75,389

3,578
12,943
12,264
22,462

60,558

54,290
6,268

34,105

5,151
8,678
5,000
3,340
3,964
2,747
1,395
3,830

196,433

265,720
720
200,000
15,000
50,000
779,46
.291

48,600

300 psi
J 200 N/m” )

Velpht
CCkpd

101,007

43,565
34,196
1,623
5,871
5,563
10,189

27,469

24,626
2,843

15,469

2,336
3,936
2,268
1,515
1,798
1,246
633
1,737
89,101
120,529
327
90,718
6,804
22,680

353,575

216,183 N




R e

GROUP WETGHT STATEMENT

CONFLGURATTION:  UR-2P (JOX/H3)

Alrframe Materinl Technology Componifo

Welpht
oo Gomponent Lab) .

; Alrframe Structure 131,818
i Wing 55,152
, Puselage 49,063
H. Tail 1,061

Yy, Tail 5,247
Nacelles 6,976
Alighting gecar 14,319
Propulsion 49,207
Engines (4) 44,114
Fuel system 5,093
Fixed Equipment 25,257
; Electrical 5,736
3 Avionics 5,000
- Instruments 2,208
; De~-icefair cond. 2,620
f Auxillary gears 1,816
3 Furnish & equip. 1,395
E Flight controls 3,078
Cruise Fucl 148,591
Payload 265,720
Crew (1) 720
Migsiles 200,000
Payload support 15,000
Baost englnes & tanks 50,000
TOTAL: 620,593

Boost TFuel Fraction . 389
('I‘/EN)SLS 34,800

62
¢

120,529

327
90,718
6,804
22,680

281,496

177,039 N
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GROUD WEIGHY STATEMENT

CONFICURATION:  UR-VS (TOX/I))

2 ~ BOK M-X 4 - BOK M-X
(36,287 kg) (36,287 kp)
Welght Woedpht
e e, Gomponensy i) k) LAy (ky)
Alrframe Structure 179,248 81,3006 332,749 150,912
Wing 79,786 36,190 165,183 74,920
TFuselage 67,337 30,544 86,729 39, 340
H., Tail 1,526 692 4,280 1,941
V. Tall 3,592 1,629 7,544 3,422
Nacelles 9,353 4,242 31,567 14,1319
Alighting gear 17,654 8,008 37,446 16,985
Propulsion 46,185 20,949 155,872 70,702
Engines (4) 41,404 18,781 139,738 63,384
Fuel system 4,781 2,169 16,134 7,318
Fixed Equipment 28,927 13,121 51,042 23,152
Hyd. & Pneu. 4,197 1,904 8,903 4,038
Electrical 7,072 3,208 15,000 6,804
Avionics 5,000 2,268 5,000 2,268
Instruments 2,722 1,235 5,773 2,619
De-ice/alr cond. 3,231 1,466 6,853 3,108
Auxiliary gears 2,239 1,016 4,748 2,154
Furnish & equip. 1,395 633 1,395 633
Flight controls 3,071 1,393 3,370 1,529
Cruisc Fuel 143,748 65,203 347,297 157,531
Payload 225,720 102,385 385,720 174,960
Crew (3) 720 327 720 27
Miusiles 160,000 72,575 320,000 145,150
Payload support 15,000 6,804 15,000 6,804
Roost cngines & tanks 50,000 22,680 50,000 22,680
TOTAL: 623,828 282,964 1,272,680 577,278
Boost Fuel Fractionm . 356 . 303
(T/EN)Slq 37,400 166,363 N 120,000 533,787 N
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GROUP WELGHT STATEMENT

CONFICURATTON:  UR-VE (LOX/1))

Endurance 8 hr 10 hr
Wo Lpht Welpht
... Gomponent ... 11> B ¢ 'Y S Ly Ckp)
Airframe Structure 260,781 118,288 318,779 144,590
Wing 136,738 62,023 179,448 81,396
Fuselage 75,504 34,248 B1,117 36,794
H. Tail 3,246 1,472 3,855 1,749
Vv, Tail 6,987 3,169 7,544 3,421
Nacelles 13,108 5,946 16,128 7,316
Alighting gear 25,198 11,430 30,687 13,919
Propulsion 64,724 29,358 79,635 36,122
Engines (4) 58,024 26,319 71,392 32,383
Fuel system 6,700 3,039 8,243 3,739
Fized LEquipment 37,603 17,056 43,778 19,857
Hyd. & Pneu, 5,991 2,717 7,296 3,309
Electrical 10,094 4,579 12,292 5,576
Avionlcs 5,000 2,268 5,000 2,268
Instruments 3,885 1,762 4,731 2,146
De~1ce/air cond. 4,611 2,092 5,616 2,547
Auxiliary gears 3,195 1,449 3,891 1,765
Furnish & equip. 1,395 633 1,395 633
Flight controls 3,432 1,557 3,557 1,613
Crulse Fucl 232,425 105,426 346,118 156,996
Paytoad 265,720 120,529 265,720 120,529
Crew (3) 720 327 720 327
Misslles 200,000 90,718 200,000 90,718
Payload support 15,000 6,804 15,000 6,804
Boost ongines & tanks 50,000 22,680 50,000 22,680
TOTAL 861,253 390,658 1,054,030 478,100
Boost Tuel Fractlion .37 309
(T,F‘N)qlg 51,700 229,973 N 63,200 281,128 N
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GROUP WEICHE SYATEMENT

CONFIGURATION: UR-VS (JOX/y)

Pynamle Progsure 1,000 paf 1,300 pof
(47,880 N/w?) (62,266 N/m")
Welght Woe lpht
; ..Gomponent . LGy (ke) k) . (k)
Alrframe Structure 283,103 128,441 154,820 160,940
Wing 147,497 66,904 206,142 93, 504
Fuselage 80,071 36,320 83,653 37,944
A. Tail 3,777 1,713 4,045 1,835
V. Tail 8,512 3,861 9,343 4,238
Nacelles 15,519 7,039 17,656 8,009
Alighting gear 27,187 12,604 33,987 15,416
Propulsion 76,629 34,758 87,182 39,545
Engines (4) 68,697 31,160 78,158 35,452
Fuel system 7,932 3,598 9,024 4,093
Fixed Equipment 40,590 18,411 47,725 21,048
Hyd. & Pneu, 6,606 2,996 8,080 3,665
Electrical 11,131 5,048 13,614 6,175
Avionics 5,000 2,268 5,000 2,268
Instruments 4,284 1,943 5,240 2,377
De-icefair cond. 5,085 2,307 6,220 2,821
Auxiliary gears 3,523 1,598 4,310 1,955
Furnish & equilp. 1,395 633 1,395 633
Flight controls 3,566 1,618 3,866 1,754
Cruise Fuel 350,098 158,802 394,042 178,734
Payload 265,720 120,529 265,720 120,529
Crew (3) 720 327 720 3217
Misailes 200,000 90,718 200,000 90,718
Payload support 15,000 6,804 15,000 6,804
Boost engines & tanks 50,000 22,680 50,000 22,680
TOTAL: 1,016,200 460,941 1,149,495 521,402
Roost Fuel Fraction .276 270
(T/EN) g ¢ 61,000 211,342 N 69,000 306,927 N
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GROUP WYEIGHT STATEMENT

CONFIGURATION:

UR-VE  (LOX/11,)

Alr Frame Material Techinolopgy

Alrframe Structurc

Wing

Fugelage

H., Tail

V. Taill
Nacelles
Alighting gear

Propulsion

Engines (4)
Fuel system

Fixed Equipment

Hyd. & Pneu.
Electrical
Avionics
Instruments
De-icefair cond,
Auxiliary gears
Furnish & equip.
Flight controls

Cruise Fuel

Payload

Crew (3)
Migsiles
Payload support

Boost engines & tanks

TOTAL:
Boost PFuel Fraction

(T/EN) g1 6

__Component

66

Woelght
(1b) _

129,057

59,433
46,276
1,006
2,436
6,201
13,705

43,744

39,216
4,528

24,628

3,258
5,490
5,000
2,113
2,508
1,738
1,395
3,126

129,120

265,720
720
200,000
15,000
50,000
592,269
.366

35,600

Composite

Welpht
Lo Ake)

58,538

26,958
20,990
456
1,105
2,813
6,216

19,842

17,788
2,054

11,168

1,477
2,490
2,268
958
1,136
788
633
1,418

58,568
120,529
327
90,718
6,804
22,680

268,645

158,357 N



CONFIGURATTON:

Payload

Component

PR—

Afrframe Structure

Wing

Fuselage

ii. Tail

V. Tail
Nacelles
Alighting gear

Propulsion

Fngines (4)
Fuel system

Fixed Equipment

Hyd. & Pneu.
Electrical
Avionics
Tnstruments
De~{ce/air cond.
Auxiliary gears
Furnish & equip.
Flight controls

Crulse Fuel

Payload

Crew (3)

Missiles

Payload support

Boost engines & tanks

TOTAL:
Booat Fuel Fractlon

('1/1-:1~:)SLS

UR-FW (1LOX/H))

GROUP WETGHT STATHMENT

2 - 80K M-X
(36,287 kg)
Welght

(1b) _(kg)
183,555 83,259
80,518 36,522
69,429 31,492
1,510 685
3,531 1,602
10,249 4,649
18,318 8,309
50,607 22,954
45,369 20,579
5,238 2,375
29,779 13,508
4,355 1,975
7,338 3,328
5,000 2,268
2,824 1,281
3,352 1,520
2,323 1,054
1,395 633
3,192 1,448
141,362 64,121
225,720 102,385
720 327
160,000 72,575
15,000 6,804
50,000 22,680
631,023 286,227

LA4l13
41,000 182,377 N

67

4 ~ 80K M-X
(36,287 ky)
Weipht

Capy k)
267,277 121,235
135,014 61,241
80,784 36,643
3,439 1,559
6,931 3,144
14,792 6,710
26,317 11,937
73,038 33,129
65,478 29,700
7,560 3,429
38,912 17,650
6,257 2,838
10,542 4,782
5,000 2,268
4,058 1,841
4,816 2,185
3,337 1,514
1,395 6]
3,507 1,591
201,938 91,598
385,720 174,960
720 327
320,000 145,150
15,000 6,804
50,000 22,680
966,885 #38,572

.371
58,000 257,997 N




CONFLGURATTON

Enduranco

Component

Alrframe Structure

Wing

Fuselage

H. Tail

V. Tail
Nacelles
Alighting gear

Propulsion

Engines (4)
Fuel system

Fixed Equipment

Hyd. & Pneu.
Electrical
Avionics
Instruments
De-icefair cond.
Auxiliary pears
Furnish & equip.
Flight controls

Crulgse Fucl

Payload

Crow (3)

Missiles

Payload support

Boost cngines & tanks

TOTAL:
Roost Fuel Fraction

(T/EN)SLS

GROUP WELGIT STATEMENT

UR-I'W (1LOX/I1,)
8 hr
Welght
(1) (kg)
230,695 104,641
112,781 51,156
75,937 34,444
2,277 1,033
12,318 5,587
22,641 10,270
60,823 27,589
54,527 24,733
6,296 2,856
34,725 15,751
5,383 2,442
9,069 4,114
5,000 2,268
3,491 1,583
4,143 1,879
2,871 1,302
1,395 633
3,373 1,530
220,272 $9,914
265,720 120,529
720 327
200,000 90,718
15,000 6,804
50,000 22,680
812,235 368,424
.379
48,700 216,628 N
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10 hr
Welpght
LAy (ke)
260,737 118,268
130,917 59,383
80,469 36,500
3,019 1,369
5,941 2,695
14,628 6,635
25,763 11,686
72,231 32,763
64,754 29,372
7,477 3,391
38,241 17,340
6,125 2,778
10,320 4,681
5,000 2,268
3,972 1,802
4,715 2,139
3,267 1,482
1,395 633
3,447 1,564
319,353 144,856
265,720 120,529
720 327
200,000 90,718
15,000 6,804
50,000 22,680
956,282 433,762
371
57,400 255,327 N




GROUP WEIGHT STATFMENT

CONFICURATION: UR-TW (L.OX/Hj)

Dynamic Pressure 1,000 psf 1,300 puf
(47,880 N/m?) (62,246 Nfm')
Weight ' Weight
Component (1b) (kg) (1b) ke)_
Airframe Structure 224,059 101,631 237,559 107,755
Wing 96,153 43,614 105,992 48,017
Fuselage 79,202 35,925 80,211 36,383
H., Tail 3,562 1,616 3,634 1,648
V. Tail 8,512 3,861 9,343 4,238
Nacelles 13,896 6,303 14,425 6,543
Alighting gear 22,734 10,312 23,954 10,865
Propulsion 68,617 31,124 71,227 32,308
Engines (4) 61,514 27,902 63,854 28,964
Fuel system 7,103 3,222 1,313 3,344
Fixed Equipment 34,904 15,832 316,388 16,505
Hyd. & Pneu. 5,405 2,452 5,695 2.583
Electrical 9,107 4,131 9,596 4,353
Avionics 5,000 2,268 5,000 2,268
Instruments 3,505 1,590 3,693 1,675
De-ice/air cond. 4,160 1,887 4,384 1,989
Auxiliary gears 2,883 1,308 3,037 1,378
Furnish & equip. 1,395 633 1,395 633
Flight controls 3,449 1,564 3,588 1,627
Cruise Fuel 321,163 145,677 336,786 152,764
Payload 265,720 120,529 265,720 120,529
Crew (3) 720 327 720 327
Misailes 200,000 90,718 200,000 90,718
Payload support 15,000 6,804 15,000 6,804
Boost engines & tanks 50,000 22,680 50,000 22,680
TOTAL: 914,463 414,793 947,680 429,860
Boost Fuel Fraction .22 321
(T/EN)qu 54,900 244,207 N 56,900 253,104 N
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GROUP WEIGHT STATEMENT

CONFILGURATTON

UR~TPW (1.0X/4,)

Arirame Material Techmolopy

Component

Alrframe Structure

Wing

Fuselage

H. Tail

V. Tail
Nacelles
Alighting gear

Bropulsion

Engines (4)
Fuel system

Fixed Equipment

Hyd, & Pneu,
Electrical
Avionilcs
Instruments

De-icefair cond.

Auxiliary gears

Furnish & equip.

Flight controls
Cruise Fuel

Fayload

Crew (3)
Missiles
Payload support

Boost engines & tanks

TOTAL:
Boost Fucel Praction

(1/1-.N)SLS

70

Welght

123,860

54,178
47,138
942
2,308
6,055
13,239

42,714

38,293
4,421

24,183

3,148
5,303
5,000
2,041
2,423
1,679
1,395
3,194

122,515
265,720
720
200,000
15,000
50,000
578,992
AN

34,800

Composito

Weight
_ Ckg)

56,182

24,575
21,381
427
1,047
2,747
6,005

19,375

17,369
2,006

10,969

1,428
2,405
2,268

926
1,099
762
633
1,449
55,572
120,529
327
90,718
6,804
22,680

262,626

154,798 N




APPENRTX C
DEVELOPMENT AND ACQUISTTTON COST DETAILS

Development and acquisition costs are presented as a function of fleoet
glza. No cruise engine development costs were assoclated with any ol the con-
cepts since existing CF-6 or JT-9 cngines were used. Fach airceraft required
four cruisec engines. The costs for the engines and boost propulsion include
an additional five aircraft for test purposes. Cost sensitivity to changes in
complexity factor are tabulated. Included are group weight statements for the
UR-FW~UDMH configuration for 320,000 1b (145,150 kg) of payload and for 10
percent changes in both payload and endurance. These weights were used to ob-
tain cost sensitivity information for changes in these two parameters. The
configuration notation is given in Appendix A.
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DEVELOPMENT AND ACQUTSITION COST

CONFIGURATION:

SR-2P

(All costs in millions of dollars)

Develop.
Adrframe 528
Propulsion 0
Avionics 63
Support 209
Facilities 0
Boost System 0
TOTAL: 800

No. Aitrcraft

e o e e

56
112
167
223

56

803
244

47
409
220

366

2,089

Acquisition

Number of Aircraft

112 167 223
1,263 1,631 1,960
468 688 912
85 118 151
676 902 1,112
220 220 220
702 1,032 1,368
3,414 4,591 5,723

Total Dev, & Acq. Cast

12

2,889
4,214
5,391
6,523




AR 1 B

DEVELOPMENT AND ACQUISTITION COST

CONFIGURATION: SR-VS

(A1l costs in millions of dollars)

Develop.
56
Al frame 547 825
Propulsion 0 244
Avionics 63 47
Support 212 414
Facilities 0 220
Boost System 0 366
TOTAL: 822 2,116

Mo. Alrcraft

56
112
167
223

Acquisition

Number cof Aircraft

112 167
1,297 1,675
468 688
85 118
684 912
220 220
702 1,032
3,456 4,645

Total Dev. & Acg. Cost

2,938
4,278
5,467
6,610

73

223

2,013
912
151

1,124
220

1,368

5,788



DEVELOPMENT AND ACQUISITION COST

CONFIGURATION: SR-FW

(All costs in millions of dollars)

Develop.
56
Airframe 540 817
Propulsion 0 244
Avionics 63 47
Support 210 411
Facilities 0 220
Boost System 0 336
TOTAL: 813 2,105

No._ Alrcraft

56
112
167
223

Acquisition

Number of Aircraft

223

1,994
912
151

1,116
220

1,368 1

112 167
1,285 1,660
468 688
85 118
679 906
220 220
702 1,032
3,439 4,624

Total Dev. & Acg. Cost

2,918
4,252
5,437
6,574
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DEVELOPMENT AND ACQUISITION COST
CONFIGURATION: UR-~2P (LOX/H.)

(All costs in millions of dollars)

Acquisition

Develop.
Number of Aircraft
56 112 167

Airframe 788 1,086 1,702 2,194
Propulsion 0 244 468 688
Avionics 63 47 85 118
Support 286 539 888 1,183
Facilities 0 220 220 220
Boogt Systems 0 1,220 2,340 3,440
TOTAL: 1,137 3,356 5,703 7,843
No. Alrcraft Total Dev. & Acg. Cost

56 4,493

112 6,840

167 8,980

223 11,072

75

223

2,635
912
151

1,457
220

4,560

9,935




T T T T

DEVELOPMENT AND ACQUISTTION COST

CONFIGURATION: UR-vS (LOX/N;)

(All costs in millions of dollars)

Develop.
Alrframe 778
Propulsion 0
Avionics 63
Support 277
Facilities 0
Boost System 0
TOTAL: 1,118

No. Aircraft

56

112

167

223

Acguisition

Number of Alrcraft

56 112 167
1,076 1,686 2,174
244 468 688
47 85 118
524 862 1,147
220 220 220
1,220 2,340 3,440
3,331 5,661 7,787

Total Dev. & Acq. Cost

4,449
6,779
8,905

10,982

76

223

2,610
912
151

1,411
220

4,560

9,864
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DEVELOPHMENT AND ACQUISTLIION COST

CONFIGURATION:

UR-IW (LOX/11,)

(All costs in millions of dollars)

Develop.
Alrframe 721
Propulsion 0
Avionics 63
Support 263
Facllities 0
Boost System 0
TOTAL: 1,047

No, Adrcraft

56
112
167
223

56

1,015
244
47
501
220

1,220

3,247

Number of Alrcraft

112 167
1,592 2,054
468 688
85 118
825 1,098
220 220
2, 340 3,440
5,530 7,618

Total Dev, & Acq. Cost

77

4,294
6,577
8,665
10,709

223
2,467
912
151
1,352
220

4,560

9,662



Alrframe
Propulsion
Avionices
Support
Facilitics

Beost System

TOTAL:

DEVELOPMENT AND ACQUTSTTTON COST

CONFIGURATTON:

UR-2P  (UDMIL)

(A1l costs in wmillions of dollnrs)

Develop.
694
63
262

800

1,819

Adrcraft

56
112
167
223

Acqulsition

Number of Alreraft

26 112
987 1,548
244 468
47 BS
500 825
220 220
1,220 2,340
3,218 5,486

Total Dev. & Acq. Cost

la7

1,997
688
118

1,100
220

3,440

7,563

78

5,037
7,305
9,182
11,416

223

2,399
912
151

1,355
220

4,560




Airframe
Propulailon
Avionics
Support
Facilities

Boost System

TOTAL:

No._

DEVELOPMENT AND ACQUISTTION COBT

CONFTGURATION:  UR-FW (UDMIT)

(A11 costs in milllona of dollara)

bevelop.

685
0
63
252
0

800

L ————

1,800

Adreraft

56
112
167
223

Acquislcion

Number of Afreraft

56 112 167 221
978 1,534 1,979 2,341
244 468 688 912
47 85 118 151
482 794 1,058 1,302
220 220 220 220
1,220 2,340 3,440 4,560
3,191 5,441 7,503 9,522

Total Dev, & Acq. Cost

4,991
7,241
9,303

11,322

79




DEVELOPMENT AND ACQUISTTION COST‘
CONFIGURATION: UR-FW (UDMiI)
5% increase in (labor + engincering + tooling) hours
(A1l costs in millions of dollars)

Acquisition

Number of Afircraft

Develop,
56 112 167
Airframe 724 1,029 1,612 2,078
Propulsion 0 244 468 688
Avionics 63 47 85 118
Support 268 512 844 1,124
Facilities 0 220 220 220
Boost System 800 1,220 2,340 3,440
TOTAL: 1,855 3,272 5,569 7,668
No. Aircraft Total Dev. & Acq. Cost
56 5,127
112 7,424
167 9,523
223 11,576
80

223

2,494
912
151

1,384
220

9,721



DEVELOPMENT AND ACQUISITION COSY
CONFTGURATION:  UR-FW (UDMH)
10% increase in (labor + engincering + tooling) hours
(All costs in millions of dollars)

Acqulsition

Number of Aircraft

Develop.
56 112 167 223
Airframe 751 1,066 1,668 2,149 2,578
Propulsion 0 244 468 688 912
Avionics 63 47 85 118 151
Support 273 524 861 1,146 1,409
Facilicies 0 220 220 220 220
Boost System 800 1,220 2,340 3,440 4,560
TOTAL: 1,887 3,32i 5,042 7,761 9,830
No. Adrceraft Total Dev., & Acq. Cost

56 5,208

112 7,529

167 9,648

223 11,717

81




GROUP WETGHT STATEMENT
CONFIGURATLON: UR-FW (UDMI)

104 enduranee and payload change for economie study

Payload = 220,000 1b (99,790 kg) ~ PEndurance = 6.0 hr
Weight Welght
_Component L) kg) by L (ke)
Adrframe Structure 187,904 85,231 182,134 82,615
Wing 89,815 40,739 87,839 39,843
Fuselage 63,503 28,804 62,252 28,237
H. Tail 2,352 1,067 1,836 833
V. Tall 5,141 2,332 3,901 1,769
Nacelles 8,934 4,052 8,678 3,936
Alighting gear 18,159 8,237 17,628 7,996
Propulsion 44,114 20,010 42,852 19,437
Engines (&) 39,548 17,939 38,416 17,425
Fuel system 4,566 2,071 4,436 2,012
Fixed Equipment 29,644 13,446 28,986 13,148
Hyd. & Pneu. 4,317 1,958 4,191 1,901
Electrical 7,274 3,299 7,061 3,203
Avionics 5,000 2,268 5,000 2,268
Instruments 2,800 1,270 2,718 1,233
De-ice/air cond. 3,323 1,507 3,226 1,463
Auxiliary gears 2,303 1,045 2,235 1,014
Furnish & equip. 1,395 633 1,395 633
Flight controls 3,232 1,466 3,160 1,433
Crulse Fuel 140,068 63,534 151,132 68,552
Payload - 275,720 125,064 255,720 115,993
Crew (3) 720 327 720 327
Missiles 220,000 99,790 200,000 90,718
Payload support 15,000 6,804 15,000 6,804
Buost engines & tanks 40,000 18,144 40,000 18,144
TOTAL: 677,450 307,286 660,824 299,745
Boost Fuel Fraction 488 .491
(T/EN)SIS 42,400 188,605 N 41,300 183,712 N
82
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DEVELOPMENT AND ACQUISI'TION COST
CONFIGURATION: UR-FW (UDMIl)
Payload = 220,000 1b (99,790 kg)

(All costs in millions of dollars)

Acquisition

Number of Aircraft

Develop.

5 56 112 167 223

Airframe 709 1,003 1,573 2,030 2,438
Propulsion 0 244 468 688 912
2 Avionics 63 47 85 118 151
- Support 261 499 822 1,095 1,349
Facilities 0 220 220 220 220
Boost System 800 1,220 2,340 3, 440 4,560
- TOTAL: 1,833 3,233 5,508 7,591 9,630

i

C
=

-
-

No. Aircraft

Total Dev, & Acq. Cost

56 5,066
112 7,341
167 9,424
223 11,463

a3
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DEVELOPMENT AND ACQUTSTTTON COST

CONFIGURATION:

UR-FW (UDMID)

E¥ndurance = 6.6 hours

(A1l costs in millions of dollars)

Develop.
56
Alrframe 693 987
Propulsion 0 244
Avionics 63 47
Support 257 491
Facilities 0 220
Boost System 800 1,220
TOTAL: 1,813 3,209

0. Adrcraft

et s

56
112
167
223

Acguisition

Number of Aircraft

112 167
1,547 1,997
468 688
85 118
809 1,079
220 220
2,340 3,440
5,469 7,542

Total Dev. & Acq. Cost

84

5,022
7,282
9,355
11,384

223

2,399
912
151

1,329
220

4,560

9,571




GROUT WELGIET STATEMENT

CONFIGURATION

. .Component

Airframe Structurc

Wing

Fuselage

H. Tail

V. Tail
Nacelles
Alighting pear

Propulsion

Engines (4)
Fuel system

Fixed Equipment

Hyd. & Pneu.
Electrical
Avionics
Instruments
De-~ice/air cond.
Auxiliary gears
Furnish & equip.
Flight controls

Cruise Fuel

Payload

Crew (3)

Missiles

Payload support

Boost engines & tanks

TOTAL:
Boost Fuel Fraction

(T/EN) ; o

TR W =1DMN

Payload

120,000 b

(145,150 k)

Welpht

233,747

103, 485
80,824
1,198
6,766
5,832
33,642

57,597

51,635
5,962

40,919

4,446
13,475
5,000
3,300
7,333
3,208
1,395
2,762

205, 696
375,720
720
320,000
15,000
40,000
913,679
L4595

55,300

Wolgpht
o (k)

106,020

46,940
36,661
1,45!
3,069
2,645
15,260

26,126

23,421
2,705

18,560

2,017
6,112
2,268
1,497
3,326
1,455
633
1,253
93,302
170,424
327
145,150
6,804
18,144

414,438

245,987 N




Payload

DEVELOPMENT AND ACQUESLTION COST

CONFTGURATION:  UR~FW~ULMH

(All costs in millions of dollars)

Acquisition

320,000 1b (145,150 kg) (4 - 80K M-X)

Number of Aireraft

112

1,784
468
85
941
220

2,340

5,838

Develop.
28 56 B4
Adrframe 840 716 1,140 1,488
Propulsion 0 132 244 356
Avionics 63 26 47 66
Support 305 344 571 767
Facilities 0 220 220 220
Boost System 800 660 1,220 1,780
TOTAL: 2,008 2,098 3,442 4,677
No. Aireraft Total Dev. & Acq. Cost

28 4,106
56 5,450
84 6,685
112 7,846
223 12,158

;ﬁ‘

86

223

2,762
912
151

1,545
220

4,560

10,150
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