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PREP ACE 

. This report extends the previous analyses o1 the generic high-performance spacepJane 
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respectively by the Defense Nuclear A&ency and the Air ~orce Space Oivlsion (AFSD). 
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Directorate of New Concepts and Initiatives, Headquarters Air Force Systems Command 

was the Contracting Officer's Representative. . 
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concerning tasks for' the Space Cruiser as a research vehicle. 
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1.0 INTRODUCTION 

nus report presents the results of the analysis of the research and technoiOSY 

potential of a generic type of manned spaceplane as a milltary research vehicle. A 

specific spaceplane configuration, t«med the Space Cruiser, is configured herein to be 

capable ln the near-term of full-en1elope cislunar <Earth-mooll spacei, transatmospheric, 

and endoatmospheric fli&ht research. rJIUre 1 depicts the Space Cruiser ln h1&h or!)it. 

The underlying question is: "Should the Space Cruiser be developed and used as a research 

vehicle?" The analysis addressed this fundamental question. 

The study assumed the criterion that a space-capable research vehide desipd for 

an important but limited experimental scope, such as fll&ht control and aerodynamics 

would not be justified. This criterion results In the requirement for the research vehicle 

to serve a broad range of beneficiaries and to perform, and to carry payloads that 

perform, over as broad a scope of research and technology as possible. Beneficiaries 

would lnclude the Department of Defense, aerospace indus1ry, national laboratories, 

commercial industry, insurers, and others. The scope of research Mel technolo&Y would 

lnclude man-in-space, space operations, internal payload!,- eX1emal payblds, -vehiciilar 

subsystems, aerothermod)'namics, materials and others. Furttler, shal·ing the cost of 

space system development and operations is rapidly bec:omifts the economic and political 

standard. It is likely that if the Air Force were to sponsor such a research vehicle the 

cost-sharing would be far &rater than exl5ted clurJns the predecessor X-1' manned 

research aircraft prosram. The primary emphasis durlns 1he confi&uratlon analysis 

. portion of the study therefore was to canfi&ure the Space Cruiser, the overall system, and 

its oper&tions to. accompllsh as many tasks or missions as possible. In 1his coratext the 

reader wW find the term omnimlsslon used thfou&hout the report. To help identify and 

define such r-esearch and technology tasks and to evaluate the scope, utlllty and value of 

!he Space · Cruiser as a research vehicle a nationwide survey was conducted and is 

reported. '!l 

Tasks of a Spaceplane Technology 8l!d Research (STAR) flight ?· ogram wou!:f apply to 

all future manned space vehicles, the Space Shuttle, unmanned space vehicles, space 

structures ~ transatmospheric and hypersonic vehicles. Small, responsive,· versatile, 

hl&h-Perfonnance, and permitting an ope:.. ._tional risk level more appropriate to the 

military than to NASA, the research vehicle would both complement and p-eatly extend 

the Space Shuttle capabilities. Its small size and light weight assure that it need only 

1 
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occupy a small portion of the volume and weipt<arrying capabWty of the Shuttle's 

Orbiter and that its cost-to-orbit as a manned vehide will be minimized. _ Its conflpra­

tion also enables it to be launched by e~le launch vehicles such as the three-stale 

MX booster stack. 

In addition to the research and other tedmoJoBY questions pertinent to hardware and 

performance associated with space vehicles, there are_ other appropriate or vital ~ons 

whose answers are expected from the STAR research fll&ht test prosram. Par~ount 

amq these is the national question of the value of mWtary man in space. The ~~hands- -

on" experience and evaluation· of man in space In the small, ubiquitous spaceplane should 

provide the answers required prior to major system acquisition of such manned space 

vehldes and complement the answers being ~tainecl from_ the sa.mte proaram for_ the 

larp, loslstlc, and space station type vehicles. 

i'-• 

The Shuttle is now used as an operational ~m. Department _of Defense space 
blotechnolOSY RatD has beco~ a re~tlvely low.prlorit)'._withm NAs~-- ~~~~-~~ 
Aerospace Medical Division (AMD) bU been. tasked by severtd ·~ves-; ;·.~·~ . 

• ; • • • • " • • • ••.• ~ ....... , • ... • • . -4 ... ~ 

military utillty of man-in-space_ and exploit ~ __ unique capabilitl~ In ~ · 

military space systems~ The resultant Military Space Biotechno:loiJ R&P prosram cOVen 
, • .,. '..: • .. • • .... ~ • <J ... ~ .. 

exploratory L~ advanced development ~as. 1bou&h ~e A1r P~ _1:- been careful to 
• . • • • ! •. ,., • • • • ..... .. ... . . • .JI. • • • .. t. ~ ~ 

coordinate its prosram dosely with the NASA Ufe Sciences prosram -in Order to avoid 

redundancy, tappin& into ihe N~A system~ br.en ~t wl~ proble~s of:~. 
• ' • ~ • '*; , . . . • • • . . . • .. . •• . • 'I • 1-. • .. - '~ • 

tlon, differences in priorities and the fact that _NASA has its ·o~ R&J).pr0sr8ms_ to 

consider. It is believed that the .DoD needs a ~ehide ~ch will· ~ovlcle ~ ~'~ita! -
• 0 • .·.~ • ..:.; 

platform for exploring man's military utillty In orbit. Unless the DoD Is pven the tools, 

the job wW not be done. AMD per~l. have~-~lx B) that-~ ~.Cruiser 
f11ls the bW." 

The Defensive Technolosies Study of the Stratesic Defense Initiative (Si)l) identlfied 

research programs for "a capabWty to service the space components and an abWty to 

traftsfer Items from one orbit to another." The Space Cruiser system is desipecl for the 

highest payload-velocity product that technoloSY will allow in a manned vehicle. It may 

fulfill the SDI needs well. 

the re~ besJns In SectiOn 2.0 with a summary In DARPA format of the work 

performed, its objectives, the problem acldressecl and the general methodoiOIJ used In 

l 



performinS the effort. Technical results, fJndln&s, special comments and implications for 

further research complete the summary. 

The main body of the report begins in Section 3.0 with a brief presentation of the 

badc&round of the Space Cruiser. The generic spaceplane was generated as the solution to 

military problems. The problems ·and needs are delineated and the resultant high 

performance spaceplane or Space Cruiser is presented. This vehicle was used as the input 

conflpration to the· study. 

Section lf.O presents the result., of the survey for research and technolOSY tasks for 

the Space Cruiser. Example letter responses are contained 1ri Appendix B. The analysis of 

the application of the Space CruiSer as a research vehicle begins in Section '·0 with a 

discussion of the linkage of the configuration to the results of the· survey and to other 

tasks considered during the study. 1be c:onceptual-deslp logic and the operational and 

design requirements that result are presented •. TM performance of the Space Cruiser as ~ 

vehide and in the overall system configuration context with its laundi vehicle options and 

external propulsion !~ presented quanti~tively in Section 6.0. Section 7.0 examineS the 

develop~t.al and research plann!ng . opt'.lons and makes recom~tions. Space 

operations are presented froin a functlonal vl,ewpoint, including an overall functional 

system block diqram. Cost estimates are discussed in Section a.o. 
. . 

Conclusions and recommendations are presented in Section 9.0 and 10.0 respectively. 

References are provided lil Appendix A. The survey letter with representative responses 

comprise Appendix .B. An explanation of the principal changes to. adapt the ntan m-"D 
rocket ensine for use on an air-launched lalmch vehicle· presented in Section 6.0 Is given in 

Appendlx C. Definitions of abbre~latlons and aCrOnyms are listed in Appencl1x D. 

• 
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2.0 SUIIIIARY 

2.1 TASK OB:EC1IY!S 

The overall task was to perform a research ind tec::hnolOBY plannlna· effort that 

would produce a preliminary prosram plan for the development and uSe of the high­

performance manned spaceplane or Space Cruiser as a mllltary research aircraft. 

The Space ·Cruiser w~ to be conflsured for the researCh application· as ~med 
necessary relative _to Its prior configurations. Conflsuratlon chanses would as an 

objective retain and facilitate the option of its use as ·an operational military 

spaceplane. 

TECHNICAL PROBLEM 

! 
l 
i 

n.e were two pr1ncipal tec:hn1ca1 problems in the· study. The first was to 

search for and evaluate potential research and. tec:MolOSY tasks suitable for ., __ 1· 
accomplishment by the Space Crular as a research vehicle. 1he Sec:Oiact probtein 1. 

was to determine the overall system conflsuratlan and the perfoiiri8ftc:e of the . ~ 
Space Cruiser .. a 1lnal ~· The correlation of 1he two probl4imS jnvlded me. - . ! 
best measure available of. the justlflcatlon of the researcb ~e ~ formed 1he j 

.. l 
basis for research vehicle program Plannlns• 1 

·} 

'! 
:l A survey letter was prepared thaf ·explained ·me · b8s1s ... of :-the request for · · ,. J 

lnfarmatlon, described 1he Space Cruiser, prOvided"& ~,.; Performance _··j 

specification ~ the whlcle system anc~--prOvideclan optl~ ~·toimat. The · 

letter was sent to lndustry,·the mllltary;·nationaltabor&todes, ·ae.· The survey Is 

discussed In Sectlon •• o. ·-The survey_ .letter and a cross :ieCtlan Of responses are 
provided In Appendix B. 

The tos1c that results In.: the generic Space Cruiser··. Confi&uratlon · was 

developed. ~ prlnclpal motivation was to obtain the sre&test -degree of 

versatility and performance In as· many tasks ·c;r ridssl~- as posSible. The Josie 

resulted In the operadonal ·and conceptual deslp requirements, whlch··wre then 

transformed Into the specific confi&utation. ·- Chinles were m8de 1ft. the vehlcle, 

relative to prior confl&uratlons, Which Improved Its performance ·dramatically. 

Launch vehicle options were examined and overall system performance determlned. 

The p..tmary measure of performance for evaluation or fl&ure of merit was 

' 
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determined to ~ the payload-velocity product. 11le logic and development of 

system performance are presented in Sections '·0 and 6.0 r~vely. 

Options for fli&ht testing the research vehlde were conslcferect and recom- · 

mendatlons made. P1nally, vehicular costs were estimated based on historical data 

· with emphasis on the hi&hlY successful X-1' manned research aircraft. 

2.• TECHNICAL RI!SUL TS 

Thirty-six responses were received to the survey letter with 60 distinct taSks 
or experiments. 11lere was a surprising lack of dupUcatlon in the experiments 

recommended, which reflects the diversity of the needs of the respondents. 

The STAR manned Space Crui~er is estimated to have a maximum velocity of 

8,700 fps with internal propellants and no payload. The velocity with a ~ Ibm 

payload is 8,07' fps. Use of the wide-body Centaur as a propulsion module with a 

sin&le RL-10 DeriVative-DB engine will provide approximately 20,7•1 fps to the 

Space Cruiser lOaded with sufficient propellant to add 8,700 ~after sta&lnl the 

Centaur. Options for external carry or push of· payload with/without external 

propellant or a prapulslon module such as the Centaur make the Cruiser a versatlle, 

hJ&h payload-velocity vehlde. It is capable of lancfins ~tonomously at.~, 

helicopter-suitable sites. 

2J IMPORTANT FINDINGS AND CONCLUSIONS 
The Space Cruiser is a hl&h payload~veloclty performance spaceplane capable 

of research and mWtary tasks throusflout clslunar (Earth-moon) space. The survey 

broUght forth a broad ranp of potential beneficiaries. ~The survey. also showed the 

~road scope and depth of research and technology· tasks of value to those ~· 

The hi&h potential for a valuable, rese&rch prosram is dear. The Space Cruiser 

can so to any orbit, has endurance, carries lntemal payloads, carries unlimited 

payload exten\a.uy, can maneuver synergistically and lands with a flying parachute 

or ParafoU. 

. The Aerospace Medlcal Division CAMD) has need of a space vehicle with the 

performance of the Space Cruiser for ~ins out its mUitary . man-Jn.4pace 

responsibilities. The Space Cruiier will also meet Strategic Defense Initiative 

needs for on-orbit capability at all altitudes for ballistic missile defense system 

Rc!cD and for subsequent operational tasks • 

The cost estimate for the manned Space Cruiser Rc!cD Program is best 

compared to the manned X-1' Program. Actual cost of 27 X-1' fll&hts in 19A was 

' 



about ·$2M (1 9h$) for each" fll&ht. ·nus. cost seems conservative for the Space 

Cruiser less launch vehicle cost, considerin& all available data and assumln& a 

comparable ·number of fUghts. An accurate costin& will not be fully estimable until 

the STAR Prop'am 1s inltlated and the return on investment from Internal and 

external tt4tD payloads, repair of satellites, a space rescue, and o1her space 

operations is calculated. 

SPECIAL COIIIII!N1'S 
The limits on available funding resources,· the advances in technolosles 

required, the major system acquisition process and polltlcal constraints create 

problems for procurement in the near-term of the relatlve~y 1arp trans­

atmospheric vehicles. 11\etefore, in this speclii context It seems particularly 

appropriate to sUaest that the Air Force consl~ the proc..-ure~t arid operation 

of the Space Cruiser as a research vehicle. Demonstrated military man-in-spece • 

capabilities Jn the Space Cruiser would earn support of and help pave the way for r 

the transatmospherlc vehicle. 

IMPLICATIONS FOR PURTHI!R ~JdtCH 
1. It is recommended that a major system IMnufacturer ~funded to refine·~ 

Space Cruiser · deslsn and to determine more·· detailed developmeht and· 

operational scheclules and costs for its use as a researct. vehicle. 

2. The small size 'and weJsht of the Space crUiser aftcl the· aclvantaps of aircraft· .. · 

launch sugest that the air-launch concept described in Section 6.0 be 

developed in a cOnceptual design study. The use of the -~ Staae as an 

"infinitely ~le" sPK~ ·station, or stqe-station, would ~Ide ·distributed 

space stations at low cost and should be an integral part of the analysis. 

3. 1b«! use of the Parafoll for aerodyrlamic plane-chans1ng maneuvers at entry . . 

speeds has a dramatic potential performance payoff. It is recommended that 

the feasibility and implications of this new concept be examined. 
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3.0 SPACI!PLANI! BACKGROUND 

3.1 MILITARY BASIS 

The high.performance spaceplane concept was originated in 1979 as the 

solu~on to a p!Oblem stated by the Office of the Deputy Director, Defense 

Research and EnJineering, Strategic and Space Systems (now Strategic and Theater 

Nuclear Forces). The problem was to review and critique Shuttle payload plans, 

options and alternatives from a military conceptual viewpoint with emphasis upon 

payloads with man in the loop or control. The purpose was to identify additional 

justifications for the military Shuttle. 

The idea of the generic spaceplane was generated and approved. Two 

spaceplane-speclfic -~were then stated in the WOI'k Statement to (1) Prove the 

need and value of the high performance manned military spaceplane operating from . 

the Space Shuttle and (2) Prove the need and value of the high performance manned · 

military Spaceplane operating independent of the Space Shuttle. The work was 
performed under contract DNA~Ol-80-C-0217 and cosponsored by DARPA Order_ 

The problems stated in the resulting analysiS are summarized as follows: 

The non-military characteriM!c and severely limited military capability o! 

~~ current, and proposed propelled spacecraft while the .military need Is 

substantial and increasins rapidly. Manned spacecra~t programs and concep~ have 

displayed predominantly non-military characteristics such as: 

0 

0 

0 

0 

0 

0 

0 

·o 

0 

0 

Space maneuverability which is limited severely 

Payload-maneuverability in space which is. limited severely 

Inability to perform synergistic and other maneuvers in and out of the 

atmosphere 

Substantially constrained mission profiles 

Weather dependency of launch and recovery 

. Launch schedule inflexibility 

Vulnerability of the launch facilities and the global ground support to direct 

attack 

Dependence throughout their mission on extensive ground support monitoring, 

tracklns, control and communications 

Little or no space rescue capability 

Dependence of orbital transfer vehicles on the Orbiter or future space station 
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These characterlstlcs and capabWty Umitatlons contrast sharply with the 

, autonomy, flexlbWty, maneuverabWty, respo~wveness, SW"VivabWty and cost­

effectiveness required of mWtary aerospace operations as the result of experience 

and establlshed in official Air Force aerospace doctrine. Furthet·, the manned 

space vehicle prosrams and concepts have precipitated the ·commonly-held 

perception that the economics, technolOBY and safety of man In space will force 

the continuation of these non-milltary characteristics into the future. 

The National Command Authority and the Department of Defense rely heavUy 

on unmanned satellites as vital elements in command, control, communications, 

intelllgence, sufveWance, and •arninl· Unmanned satellites have 'additional 

problems r-elative to manned vehicles, such as inherent w~Wty to anti­

satellites, slnsle-misslon utWty and inability to adapt or· to thlnlc. The manned 

spaceplane could complement the ~manned satellites by provldln& a quick reaction 

:!9UUity for unforeseen contln&lndes and by SerYlclna, proteetJns, supplementing 

or standln&-in for satellites. Balance ~ mutUal support must be achieved 

between the manned and ~ mWtaey space systems. 

The need w-. then stated and is summarized beret 

The need is to provide the military man in space a hl&hiY cost~ffectlve near­

term vehicle system with the requ1recl milltary characteristics and capabWties that 

wW 1) protect the United States resoui'Ce$ · from· threats in and from space; 2) 

conduct needed aerospace off~ve and defensive· _operations ·to ule· and protect 

the use of space by the United States ancllts aWe~~ 3) enhance the land, sea and air 

forceS; •> serve as a practical utility vehicle in the support of space aSsets and in 

the exploitation of space; and .5) support as, many aspects of u.s. national policy as 

possible, 1nc:ludinS arms control. 

The specific vehicle need Is for a trulY. m111tary vehicle that intearates well 

with the Shuttle and other 1aunc:h vehicles where required and that eUmlnates or 

minlmizes the need for other vehicles or upper stases-. -
The solution presenu:<J was the hi&h performance spaceplane concept, termed 

the Space Cruiser, which differs considerably from the other manned and unmanned 

space vehicles that have been studied or proposed. •· It differs in confl&uratlon, 

• This conclusion resulted from a search _for a Vehicle concept that might meet 
the requirements. For example, NASA has no plans to develop such a vehicle. 1be 
statement remains valid. 
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cost, ~rformance, ease and speed of development, in launch and recovery 

flexibility and in its capabWty to meet the characteristics and capabilities 

established by military doctrine. 

The high performance spaceplane conceptual desip was then studied and 

refined with industrial and laboratory support in the Spaceplane Examination study 

(Reference 1). The purpose of the Spaceptane Examination was stated as two-fold: 

1. To define. and evaluate a small man-rated space transportation vehicle for 

military space operations which is compatible with the Shuttle, expendable 

launch vehicles or air launc:tung and is capable of earth return and parachute 

recovery. 

2. To investigate confls\!ration changes necessary to accomplish selected "off­

design" missions. 

3.2 PRE-sTAR SPACEPLANI! DESCRIPTION 

·The Statement of Work for this STAR study requires that the Space Cruiser be 

configured . for application as a military research aircraft as deemed necessary and 

practical· relative to its prior conflguratlons. Consistent with this requirement, 

this Section begins with a ch!scriptlon of the · previo~s internal laYout depicted in 

Figure 2, of the spaceplane resultins from the DARPA-sponsored Spaceplane 

Examination (Reference 1), Contract No .. F0.701-81-K-0001, completed 30 July 

1982. The development of the design logic as completed in this STAR study is. 

discussed in Section ,.0. Section . 6.0 presents the configuration changes that 

resulted from the design !ogle and analysis of the application of the spaceplane as a 

research vehicle. nten it presen1.S the resultant performance. 

Figure 2 depicts the representative internal layout of the Space Cruiser based 

upon a conical reentry body shape. The geo~etrical shape of the airframe internal 

mold line is also conical, reflecting the conical shape of the reentry body. The 

conical reentry body shape studied and tested in a wind tunnel by Sandia Nationcl 

Labofatories for the spaceplane has small, extremely swept wings or "strakes" with 

elevons (not shown). 1be nose section, containing the forward payload bay, ballast 

· and power batteries, can extend forward while in space to expose the forward 

reaction control nozzles for firing. No nozzles are located in the thermal 

protect~on structure (TPS) with this approach. The nose can be removed and 

repl~ed while, in an extended position. After full extension, the nose folds aft · 

alongside and is snubbed or secured near the nosetip. After the nose is folded, an 

elephant stand or similar li&ht wei&ht structure can be attached to the forWard 
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bulkhead or· rins to attach external payloads. ~ this way the payload is pushed by· 

the spacep!ane and the maneuverina mght load force is the spaceplane thrust, 

independent of the welsht of the payload. 1be pllot is seated at the aft end in a 

seat or couch which can be raised until the pilot's head is outboard, similar to an 
open-cockpit aircraft. In the raised position the pllot can view the external 

payload. Also, the pilot has unlimited visibility and can view the internal, forward 

payload bay contents when the top panel or. door is cpen. 

An example airframe construction is advanced non-<atalytic thermal tile over 

a composite non-metallic substructure. Connections for refuellns are located in 

the aft end with the plus-cluster ensme (PCE), obviatln& penetration of the TPS. 

There are two payload bays, one In the nose section and the other in the aft end 

within the PCE thruster modules. This latter bay is called the "plus." 

Landing is by controllable llftin& parachute or "Parafoil" (References 2 and 3). 

After deployment of a deceleration drosue from the. PCE plus volume prior to 

vehicle aerodynamic instability, dose to the trans-sonic region, the reefed, 

Parafoll flylns parachute is deployed from near the vehicle's center of pvity · 

between the spherical propellant tanks. A reck.alclant, identical Parafoll is located 

forward of the oxidizer tank. After deployment of the flylns parachute, the 

spaceplane assumes a horizontal attitude for flight to the ground. A lifting 

aerobrake is located in the aft payload bay for aerobrakins with otherwise 

excessive entry speed. The liftln& aerobrake is reusable. 

A 19' lb, six-foot one-inch pllot or 9~ percentile man is assumed. An I psi 

Extravehicular Maneuverin& Unit (EMU) or spac~it, under development, is 

planned. This suit eliminates the requirement for prebreathlng pure oxygen before 

fliSht.· Its portable life support back pack is detachable before launch and at 

landing. Extravehicular Activity (EVA) does not require an umbilical. Fail 

operation&l/fall safe desip criteria are uRd for environmental and life support 

(Reference If). Pumped fluid coolants are used with coldplates for heat transfer 

from the heat source hardware such as avionics. A stacked evaporator is used for 

heat rejection. A helmet-mounted, internal virtuai-lmqe display is provided. 

Voice control of and thfOU&h the computer is planned. 

An autonomous optical navigator supplementing and with accuracy similar to 

the Cilobal Positioning Satellite (Cifr3) is planned. Ring-laser gyro inertial plat­

forms are used in the guidance and navlsation system. Monopropellant-driven 

redundant auxlllary power units (APUs) are ·provided and integrated with the 
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rechargeable power battery. The aircraft is aU-electric. No hydraulics are 

permitted on board the spaceplane. 

The PCE has 16 nozzles wi1h lnciependent on-off control for overall thrust 

vector and thrust mapitude control, eJiminatin& !10zzle actuators anci flexibte 

lines. The propellant tanks are spherical for li&ht welpt and are centered roush1Y 
about the vehicle's center of gravity. 1be propellants selected are nitrogen 

tetroxide as the oxidizer and an Aerojet proprietary amine blend for fuel. The fuel 

is also used as a monopropellant in the APUs. The PCE nozzles are fUm-cooled for 

tons life. Elastomeric bladders are used in the pressurized propellant tanks. 1be 

attitude control system has nozzles meutted forward at 1he nose fold and aft with 

the PCE to provide six-degree-of-freedom attitude and translation controL 

Momentum wheels are provided for fine attitude control. A mercury trim control 

system is included for rea~-tlme center of sravlty (CG) trim. CG control is 

important for endoatmospheric stability. It Is planned .that outboard prOpellant 

tanks and payloads will be saddle-mounted 10 protect the TPS. 
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U RESI!ARCH SURVEY 

PURPOSE 

tn order to define research and technology tasks as specified in Task I of the 
contract, DCS C«J))ration conducted a letter survey of appropriate aeros,ace 

industries and governmental orpnizations asking the letter recipients to identify 

specific research, technology. and development tasks or experiments which they 

believed were suitable for accomplishment by the Space Cruiser in its role as a 

research vehide. The industry recipients were selected to provide a brOad cross 
section of industries rqins from component producers to a';Uljor system 

manufacturers. The governmental recipients included research and technoloSY 

organizations and laboratories in the Air Force, Navy, DoD and NASA. The 

purpose of the survey was to solicit sugestlons for tasks or experiments from a 

diverse spectrum of perspectives In order to define research and technology t:&sks 

suitable for accompllshment by the STAR vehicle. 

SURVEY METHODS AND RI!SPONSI!S 

The letter sollcitins sugestions for experiments •as accompanied by attach­
ments containins a description of the STAR vehicle. and its specifications, and 

guidelines for the format of the responses. A copy of the letter with attachments ·-
is included in Appendix B of this report. A total of 126 requests were mailed. 

However, the number of agencies or corporations contacted was lower because in 
\ 

some cases more than one department or division within an agency or corporation 

was contaCted. 

DCS received a total of " separate responses to the letter request. Of 

these, 23 organizations did not offer specific experiments for cOnsideration, even 

though most expressed an interest in the concept ~d a few indicated they . may 

submit recommendations at some time in the future. The remaining 13 responses 

contained sugestions for a total of· 60 distinct tasks or experiments. There was a 

surprislnl lade of duplication in the experiments recommended, which reflects the 

diversity of interests of the respondents. 

Although the DCS request asked for research and technology tasks suited to 

accomplishment by the Space Cruiser, the responses proposed a broader range of 

tasks. Of the 60 tasks recommended, one fourth of them (1' tasks) were 

considered to be operatlonal applications for the Space Cruiser rather than 

research and technolOSY experiments. Additionally, of the,, proposed tasks that 
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were research and ~IOSY experiments, 3' tasks were experiments that could 

be accompllshed by the Space Cruiser and the remaininl 10 were experiments that 

should be carried out as part of the development of the Space Cruiser itself. 

SURYI!Y IU!SULTS 

This sectlon consists of a synopsis o~ eadl of the tasks or experiments 

proposed in response to the DCS survey. For clarity they are p-ouped into the 

three basic catesories: research tasks to be accomp1ishecl by the Space Cruiser; 

reSearch tasks to be performed for the development o! the Space Cruiser; and 

operational applications for the Space Cruiser. 11le tasks are also grouped within 

these three categories by ~ cqanization that submitted them. 

t.3.1 Relearch Taslcs to be Performed bJ the Space Cruller 

t.3.1.1 T811cs submitted by LTV Aerospace and Defel• cC.np.n, 
Talla Component tests for exoatmospheric Electromapetically-Launched (EML) 

guided projectile 

Task Desaiptianl Determine accuracy of space launched EML pided projectile 

meeting packaging and EMP/g-load hardening cfesJ&n criter=.a. 

Expected Results and Value: Validate EML guided projectile components designs 

for prototyping. This would be an extension of preliminary ground based 
demonstrator results. Will have .. llcatlons to boost-phase and mid-course 

ballistic missile intercept. 

Tasla Ablative behavior of Carbon/Carbon (C/C) nosetips aP.'J projectiles. 

Task De&aiptiana Fire reentry nosetips from orbit to sir.1ulate desired trajectory. 

Determine the ablative behavior and its effeCt on tra;ectory for various _ C/C 

composite materials. 

. Expected Results and Valuea Will provide ability to select the optimum materials 

for various missiles rangins from ICBMs to rai1pn projectlles. Ablative behavior 

cannot be fully simulated from Ear1h; proof testin& requires actual missile firings. 

F!ring reentry. bodies from the spaceplane would be less costly. 

Taala Scramjet inlet anc:l combustion phenomena. 

T-* De&aiptianl Use externally mounted scale propulsion Wlit to determine the 

effects of rarefied psdynamics at hyper• ale speed on inlet ·mel combustion 

stablllty and performance of a supersonic combustion ramjet. . 



l!spec:ted ReiUIIs and VU.. WW increase undcrstandJns of .superjcnic c-um~ 

· tlon ramjet. Potential low weight pro~Jslc,n for transa~'ledc (TAV) type 

vehicles. 

Tasla Navigation system validation. 

Task Delcrlptlana UtiJlze Special equipment to provide a brassbo8rd demonst:~ 

tion of this Vought proprietary concept. Use multiple ground track velocity/ 

position determination or GPS if available. 

l!spec:ted Results and Value: Validation of the position and ~loci't)' determinat:~ 

of the vehicle. Potential for improved Ions range naviptlon. 

t-3.1.2 Tasb submitted by tJnitled Technolasles, tfl.mlltDn Stw.dard 

· T_.. Various uslcs demonstratlng EMU technolosY and EVA tedti10logy 

includin& satellite servicing. 
TalkDelalptioM . 

E.\4U Technology Tasks: 

1. Test quick reaction capabilitY and subsequent effects on crewmember · physi­

oiOI)·· 

2. Test radiation prc.tection equipment by placing experiment on Long Duration 

Exposure r-'aclllty (LDEF) or free flyer which will be revisited every~ days. 

3. Test effects of EMU venting on sensors/optics and test eft~ of EMU suit 

contamia1:t!on due to hydrc1zine, etc. Develop a method of cl•lftins suit 

while EVA. 

IJ. Test crewman capability to react to quick cc~tin&eney situations while ·suited 

in the EMU. 

'· Conduct maintenance on the suit on-ort;It. 
6. Test suit PJ~k.--tul"e procedures on-orbit. 

7. Conduct heads-up cflsplay experiments. 

8. Conduct physiological tests were the EMU HAL system controls the life 

support system requirements as a function of crew metabolic load. 

9. Conduct EMU range/rate device. 

EVA Generic Technology Tasks: 

1. !'est c:rewmm restraint interfaces with satellites, structures assembly, set-· 

up!tear-down, etc. 
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2. Document crewman translational capabWty and evaluate translation aids. 

l. Develop metholodolOBY for module transfer. 

•· Use Space Cruiser as an. orbital maneuverlns system to retrieve item to 

stationary crewmember, the Space Cruiser belns controlled via HAL. 

'· Conduct power-asslsted end effector tests. 

EVA Satellite ServicinB Tasks: 

1. Repair/replace modules. Determine module design 8nd lo&lstics. 

2. Evaluate I!VA as a secondary/coinplementary mode of operations and 

lnfl...ce on satellite cleslp. 

3. On-orbit refuellns of fluids caus1n& Safety problems within Shuttle (bi-props, 

cryosens) 

•· Demonstrate satellite subsystem removal and repair (connectors, solar 

arrays, batteries, sensors). 

'· Human factors enslneerinl tests under varous enviroftments, wOrk envelope 
detennlnation, task sequenc1ng tests. . . · · · 

6. Determine optimal man/machine mix. Test talk level and task "COmplexity by :: 

lnteniCtlns techniques which test the .,...pm· of :tt.e·m~n/machlne system. ·. 

7. Perform .-.lee 0.1 transfer type vehlc:ies, . remove/repair enp.s, avionics,. 

etc. 

a. Test space berthlns tasks such as berth1ns pin location/clesip' structural 
support, dynamics and Interfaces. · . :· ., 

9. Conduct Orbital Replacement Unit (ORU) replacement test$ to .determine 

MTBF and reliability, optimal locations for rnountlns and workins on ORU• : 

10. Determine bas1c desip considerations such as compo1aent and Cable layout, . 

mountlnl tec:hlllques, hazards identlflcatlon, accesslbWty, Crew work statlcm, 

etc • 

. 11. Deploy Space Cruiser from Shuttle payload bay ·via the RMS. Test maneuwr­
abWty and lopst1cs associated 'Yith payload by operations lncludln& Space 

Cruiser malntendnee. 

12. Conduct general satellite servicin& fl"c;n 1he Space enu.r. 

. . e~ ·ae.dts ... YU. The Tulcs as a whole wou1c1 greatly expand 

. ~ledp of. ·I!MU teChnology and EVA 1eehnoJosy and appUcatlons. The 

. _.ledp pined could lead to slp1ilc.ntly enhanced ,capabWty .In· all phases of 

mamecl space operations~ 
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t.3.1.3 Tulc ......Utted by 1he Air Force Office of Scientific Reaeardl 

Tasla Lone term environmental durability of materials In space. 

. . . ... . . .. . ·: ~.--. .... ,.., 

T-* Delcriptlon: Use the Space Cruiser as a lawacher or flying test bed for 

samples of candidate spacecraft structural material and conduct periocllc 

monltorifts or recovery of samples. 

I!Jipectled Results and Values While this task could be done on the Shuttle, the 

Ions duration exposure facllity en the Shuttle has had more than a ten year lead 

time. USing the Space Cruiser could expedite the acquisition of lcnowleclse about 

durability of new materials in space. 

Task: Investigate the density phenomena of the atmosphere in the aerobraJcin& 

altitude band (240,000-300,000 feet). 

Task Description: Use the high lift space plane to traverse a path similar to that 

of an aerobraJcin& Orbital Transfer Vehicle (OTV) 1ft order to pther additional 

data on the consistency of the densitr of the atmosphere in the aerobraJcin&. band. 

I!Jipectled R..ats ... Value: Increased uncferstanclin&· of the density phenomena 

SICh as magnitude, spatial correlation distance, and gradient of density. variations. 

This could reduce the possibility of overdeslgning an aerobraJcin& vehicle because 

of lack of understandlns of the density phenomena, and aid in the development of 

. a low performance operational aerobraJdns OTV using either drag modulation ot a 
·tow L/D llfting brake. 

t.3.1.5 Task sullmltted by United 1echnoJasies, Pratt 4k Wldtney 

Task: Testing of the Centaur RLlO-DB engine operation-in a low sravity, vacwm 

environment. 

Tac Delcrlptionl Use the Space Cruiser with an RLIO-DB powered Centaur to 

provide information on the effects of very_ low sravity on engine start, and to 

accurately determine the thrust produced at the engine's lowest thrust level 

(Tank-Head Idle). 

Expec:tJed Results and Valla This task would provide data on the operation of the 

RLI0-118 in a low gravity vac;. ... -um environment which cannot be duplicated on 

Earth. While this is an experiment to be conducted by the Space Cruiser, it is also 

for the Space Cruiser in that it would allow e~ operations if successful. 
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'-3.1.6 T-* ....Utted by Air Porce A8'alpace Medlcal DiYision 

Taala. Use of the Space Cruiser in support of a Military Space BiotectmGlOSY R&D 

program. 

T-* Deia lptlana The Aerospace Medical Division has been tasked to explore the 

military utility of man in space and exploit man's unique capabWties ln enhancing 

military. space systems. They have developed several human performance 

experiments which require an orbital platform, but have had dlfflculty ln 

establishing priority in the Shuttle program. The Space Cruiser could be used as 

the orbital platform for the experiments. 

Expected Results and Valuel The several human performance experiments 

planned by the Aerospace Medical Division could be accomplished without 

interference with/from the Shuttle program. Accomplishment of the experiments 

eould lead to an earlier understanding of man's utility in space. 

U1.7 Task submitted by~ 6'101h Test WU., Edwards APB 
Task: Use of Space Cruiser to examine one extreme of the ·reentry environment. 

T-* Descriptions There is need for further resevc:h ln technology relating to 

hypersonic flight. Most of thQ areas of interest relate to entry configurations of 

low planform loading. Althoup the ''lOth Test Wing did not sugest a specific 

task, they acknowledged reentries of the Space Cruiser could provide data for one 

extreme of the reentry environment. 

Expected Results and Value: The Space Cruiser could provide da~ that will assist 

in Alr Force hypersonic research at one extreme of the reentry environment. 

t.3.2.1 Task submitted by L TY Aera.pete and Defe11se c.npany 
Tasla STAR Confl&uration Changes 

Task ne.criptlana Validate the benefits of light welsht strap41 wings for the 

Space Cruiser. Determine the altitude conditions for which extremely large 

strap-on wings are useful for maneuvers of the Space Cruiser. 

Expected Relults and V...._ Obtain a better understandlng of min1ma1 eneriJ 

maneuvers in rarefied atmosphere. There is the potential to expand the 

operational envelope of the Space Cruiser. 
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Tasla Low cost guidance system evaluation fer the Space Cruiser. 

Task DeK:ripdanl Adapt . the ultra-light weight low-cost Mark VI inertial 

refere.ace system (developed by Aerojet TechSystems for NASA sounding rockets) 

to Space Cruiser guidance and control and untethered EVA. ·Applications could 

include space rescue. 

Expected Results and Valuet Potential for reduction in Space Cruiser guidance 

and control costs and weights by as much as 9096 of the current state of the &rt 

values. Could make non-tethered EVA a practicality. Suitable for military 

applications, rescue missions and unmanned missions. 

Taste Aerobraldng Investigation 

· Task Descriptionl Adapt structurally efficient clam shell· shields to the conical 

shape of the Space Cruiser to evaluate the concept for aero-assisted reentry and 

synergistic plane and orbit altitude changes. 

Expected Results mel Values Provides multi..purpose addition to Space Cruiser by 

functioning as a meteor shield, an aeromaneuverin& surface and a heat shield 

during aeromaneuvering. VIW provide an emqency de-orbit and orbit chqe 

capability, and broader mission envelope limits ~or the Space Cruiser. 

Taste Plug cluster ~nglne for primary Space Cruiser propulsion. 

Task Descriptian: The experiment involves (1) the_ application of scarfed nozzles 

on the sixteen 188 lbf rocket engines which are arrayed around the plug, and (2) 

on-line feed pump capability for two to four of the normally pressure fed 1881bf 

engines from externally mounted, conformal propellant tanks. 

Expec1ed Results and Valuea \VW provide a flexible, short length, high­

performance and low cost rocket engine for .the Space Cruiser and a wide range of 

Air Force missions. Will also provide low now rate pump· technology for possible. 

use in space platform, Space ShUttle, orbit thrusters, tactical missiles as well as 

the Space Cruiser. 

Y-2.3 Tasks sullnaitted by AERO 
Task: Spaceplane-Parafoil recovery demonstration 

Task Delalpdan: A spaceplane-Parafoil would be constructed and dropped from 

an aircraft in the atmosphere to demonstrate gliding performance, controllability, 

low rate of sink, and a flare maneuver to a landing. 
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E.xpede!t R•·~ a v~ ~~· ~==v~ti~ of ~ spaceplaite PatafoU 

is essen~ to the· viability of the· Space Cruiser ParafoU-landlns concept. 

Taala Spaceplane-Parafoil space maneuverift& and reentry analysis. 

T.. De&crlptlana nus task consists of computer simulation and analysis of 

spaceplane maneuverlns 1n space and durin& reentry uti11zing ~ ParafoU. 

l!xpec1ed Results ..S VU. This task is necessary preparation for the actual 

testing of reentry and upper-atmosphere maneuverin&. with the ParafoU. 

Task: Spaceplane-Parafoll wind tunnel tests. 

Task DacrJpt1ana Wind· tunnel tests· of the spaceplane-Parafoll will be Concluctecl 

at subsonic and supersonic speeds In order to optimize des1p and stability 

coefficients for space maneuverq, reentry, atmospheric glldln& fll&ht and flare 

landing. 

Expected Results a VU. Th1s task is also a necessary preparation for the 

actual testing ~f the Parafoll at entry speeds. 

Task: SpaCe Shuttle spaceplane-Parafoll fli&ht tests. 

Ta* Decalptlana A model of the ·Space Cruiser wW be launched from the Space 

Shuttle. 1be model wW have an on-board guidance· and, control system to deploy 

the Parafoilln space, maneuver 1n space, reenter and fly· 1n, the atmosphere to a 

Iandini• Air-snatch of the spaceplane-Parafoll wUl.alsO be demonstrated. 

l!xpec1ed Redts ..S VU. 1bis task could be· used as the final test before 

actual deployment of either a manned or unmanned Space Cruiser • 

• .3.2A TaciUbmitted by 1be AVCO C«pcntlan 

Task: Develop material systems for 5tnJ!=tUral and thermal pro~on of the 

SpaceC~. 

T-* Delclipdanl Successful development of the Space Cruiser will require 

material system for thermal protection/structural use that are available, proven 

and affordable. AVCO proposes a detalled deslp study to define the limits of the 

Space Cruiser structural/thermal requirements and how current ma~ials can be 

improved or new materials developed. 

l!xpec1ed Results and Valuea 1bis task is necessary for the groWth development of 

the Space Cruiser. Materials developed for the Space Cruiser would a1so be 1lJcely 

to have applications for other space systems. 
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~ T-*llllllnltted bJ .llanan 1hWaal, W.-cta Dltlllon 

Talla Evaluation of boosters for rapid launch of the Space Cruiser. 

T-* Deialpdanl The Morton·11Uokol ~ sugested that the STAR effart 

include an evaluation of boosta's for rapid launch of the Space Cruiser and allo 1n 

evaluation of propulslon requirements for payloads or weapons which may be 

launched from the Space cna.r. 
l!xpected lleMts ..t Y..._ Evaluation of boosters for launch of the Space 

. Cruiser 1s fundamental to its development. It is apparent in the followinS sectiGn 

of this report that describes operational appUcations for the Space Cruiser that a 

rapid launch capability and the abWty launch to various orbits will greatly 

enhance the versatility of the Space Cruiser. 

t.3J Operatianal Applkatlaris ·for the Space erw.r 
t.Ul T81bllllllnltted by en.n. l!lectrlc c.npeny • 

. Taalcsa Various openltional mlsslons. 

Ta* Deialpdanl Emerson submitted five tasks for operational missions tbat 

could be performed by the Space Cruisen 

1. Space junk collection. · 

2. Non-cooperattns vehicle clockin& system. 

3. Quick response, low orbit tactical reconnaissance system for real-time 

report1ns of Photo Intellilence (PHOTINT), Eledronlc Intelilgence (ELJN"n. 

4. Ferry an automatic test system for lntercol•aedlori with ctesignated satellite 

systems for routine and emqency maintenance. 

'· Use as a manned battle station to fly cover for high priority vehldes, 

. destroyifts antl-sateWte systems. 

Ezpected Redts a Y.._ These sugested operational appUcatlons 111ustrate 

the flexibility and utWty offered by small, relativelr simple, manned specepllne 

system. An unmanned or very complex system could oot offer slmllar 9ddc 
reaction versatWty. 

Tatlcsa Various reconna1ssance related missions. 

T-* Dela ipdanl Ball Aerospace Division proposed four operational missions 1hat 

relate to recannaJ.ssance either direct1y or ind1rectly. 'nle tasks proposed area 
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1. Inspection of satellites for the presence of nuclear materials by 1hermal 

imaslnl.· 
2. Inspection of satellites few the presence of nuclear materials by x-ray and low 

energy gamma ray lmaglns. 

l. Observations of bow shock radiative emissions. 

•· In-orbit replenishment of inoperative satellites, specifically, superfluid 

helium cryopn replenishment of the Infrared Astronomical Satellite. 

l!l1lpecled llelultl md Valla 1bese tasks or mlsslons qain Wustrate the 

versatility of a mamed system that is capable of being placed into any orbit(s). 

The first two could be used to verify treaties and qreements on utllization of 

space. The third task· could provide valuable data for bal1lstlc mlsiile defense. 

The last task is one that c:ouJcl provide an inexpensive method of re-actlvatlns the 

Infrared Astronomical Satellite (IRAS) 1n order to conduct more survey work. The 

new scientific data that has already been obtained from the IRAS provides ample 

justif!cation to contilue that type of surYeJ, but the same c:oncept can be applied 

to replenish or re-activate a variety of satellites that have become inoperative 

for various reasons. 

..,_,_, T811cs 5ubmined by c.Dfomla lllaowaw, Inc. 

T.._ Various !eeonna1ssance of atellites tasks. 

Task Deicaipllona Callfomla Microwave proposed six tasks which most of which 

relate to obsel vatlons of ateWtes from c1ote range tO obtain various types of 

information. The specific tasks area 

1. Approad\ a sateWte and manitor emlsslons few technical !LINT purposes. 

2. Approach a sateWte and manitor emissions for inteWsence information. 

l. Approach a ateWte and obtain detalled photographs and spectrometer scans. 

•· Monitor pround emlsslons for techn1cal ELJN.T usinl maneuverability to 

access areas when not expec:ted. 

'· Utilize mMeuverabWty to determine operational capabilities of space 
sensors and defense doctrine. 

6. Maneuver about a atelllte and make power, pattern and polarization 

measurements. 

Expected Relults md YU.. 1bese operatlonal applications Wustrate that even 

with a small payload capabWty a lllln-in-the·-loop system has many posslbWtles, 



parti~ly in observation appUcatlons with various sensors. ManeuvefabWty and 

the ability to be Inserted into 1he orbits of various satellites enables the 

spaceplane to accompllsh these tyPes of misslons. 

CONCLUSIONS 

1be variety of tasks or experiments sugested by the survey respondents is 

indicative of the potential versatility of a Space Cruiser research vehicle. 

Although some of the propoSed tasks could be conducted usins the Space Shuttle, 

the Space Cruiser would appear to offer distinct advantages over the Space 

Shuttle because of probable lower costs and p-eater flexibility. Some of the 

proposed tasks camot be 4CCOmpUshed usins the Shuttle. The Space Cruiser 

offers a unique opportunity to conduct research and technology experiments that 

are not possible now. For these reasons, plus the fact that there will always be a 

heavy demand for Shuttle services for a variety of P,.ojects, the Space Cruiser 

should be considered as a valuable complementary system t, the Shuttle. 
It is apparent that thoup the basic concept of the Space Cruller ls that of a 

vehicle to conduct research and technology experiments, the Space Cruiser is also 

an . e.~iment in itself and its clevel~t should enhance our knowledge of 

space and transatmospheric operations .In pMral. 11\e development and employ­

ment plan for the Space Cruiser should accord the highest priority to those R&D 

projects ·proposed for the speciflc development of the Space Cruiser. The pb• 

cluster engine project proposed by Aerojet and the ParafoU projects proposed by 

AERO are obvious examples. 

The number- of proposed operational appUcatlons sugested by swvey respon­

dentS sugests that there wW be a natural evolution of the Space Cruiser from a 

research ·vehicle Into an operational vehicle with numerous military appUcations. 

In fact, the dlstlnctlon between some tedanoiOIJ experiments and military 

applications may not be easUy cllscernable. 

The list of tasks or experiments contained in this section should not be 

considel'ed exhaustive. Furthermore, It Is 1llcely that as knowledp is acquired of 

the Space Cruisers' capabilities durinl its cleYeloprnent and initial operations, 

experiments wW beget additional experiments. The tasks listed herein should be 

considel'ed only as repraentatlve. 
The survey letter and repraentatlve replies are contained with 1he letter in 

Appendix B. 
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,_.,. STAR SYSIDI DI!5IGN LOGIC AND RI!QUmi!III!NTS 

CONPIGURATION LINKAGE 10 St&VEY lli!SUL1S AND OTHI!R TASKS 

The rumber and diversity of the tasks pr esentecl by the survey supports the 

need for the research vehicle. It was not possible to do a benefit or value analysis 

on a qUantitative basis with the information received. However, it_ seems accurate 

to state that the criteria of servift& a substantial number of beneficiaries and of 

performins research with numerous subjects and technolosles would be met. In 

addition to those of the survey other tasks became evident. For example, the 

statements of· critical technolOSY, ,_10 year research prosrams, by the Strategic 

Defense Initiative Defensive TechnolOSY Study that are pertinent specifically to 

Space Cruiser capabilities are 1) the capability to service me space components 

and 2) an ability to transfer items from one orbit to another, including ·aeosyn­
chronous orbit (Reference ,) • 

Other examples of tasks beyond those listed separately in the survey are in the 

followin& compilation which summarizes the potential support which the STAR 

prosram could provide other type vehicles: 

Space Shuttle: 

o The Space Cruiser would extend the manned vehicular reach of the Orbiter 

throughout cislunar space and into the atmosphere for research and other 

tasks. 

o Higher-risk tasks can be done 

o Centaur-Cruiser-Orbiter cryosenic vehicle operations 

o Military research can be done with the Cruiser launched and/or supported by 

the Orbiter 

o Rescue research 

o Orbiter /manned-vehicle integration/operations 

o Multiple Space Cruiser operations 

Future manned space vehicles 

o Man~in-space for servicin&, maintenance, repair, updatlns, inspectinl, recov­

erifts and maneuverln& of satellites 
0 Human factors/safety 

o Vehicular subsystems such as Environmental Control and Life Support System 

(EC/LSS), propulsion, power, -

1 
I 
j 

i 
I 
I 
I 

l 
j 

I 
! 
! 
! 

l 



o Operational research such as naviption, avionics, spacernanahip; buddy opera-

tions,-. 
<' Research on/with payloads, internal 1: external 

o Environmental phenomena 

o Controls/cllsplays/volce control 

o Software 

o Endoatmospheric/transatmospheric flight and operations 

o Rescue 

o Aerobrakifts systems and related atmospheric environment phenomena 

o Materials 

o Radomes/antennas 

o Recovery 

o Space station operations 

Future unmanned space vehicles 

o Aerobraklng 
o Vehicular subsystems 

o Software 

o Recovery 

o Phenomenology such as radiation hardness, propaption bladcout,.-

o Unmamecl-vehicle spacemanshlp 

o Remote control 

o Robotics 

Future transatmospheric vehicles 

(See above for research areas for the Space sa.mle and the manned vehicles) 

HyperSOIUC vehicles 

o Vehicle subsystems 

o Human facton 

o Materials/structure 

The potential tasks for the Space erw.r as a research vehlde require full­

envelope· performance. That is, the Yehic1e must be capable of operating in the 

upper atmosphere as an endoatmolpherlc vehiCle, as a transatrnospheric vehicle, 

and as a cislunar vehlde. The ..,.:epllne must 10 where the· ateUltes are. This 

means it must be capable of re111rch and tedanolog talks at· least as hJ&h as the 
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seosynchronous satellites. 1he !VA a EMU tMica ol t.3.1.2 Mel the SDI support 

tasks exemplify operation at up to poiJftdlrol.,.. altitude. WhUe not dlscuu! II 

fully in this report, 1he Space Cru1.- In combination wi1h the Centaur(s) and 

launched by the Shuttle fu1flU the srowlns Interest for returnJns to the moan. 

Most satellites are located at low to medium altitudes, below 900 nmi and are 

reachable easily by the Space Cruiser. 

The Space Cruiser example u.d as 1he Input or refere~.ce vehicJe in this study 

is llm{ted to approximately 26~ fps with no payload and us1n& only propellant from 

its internal spherical tanks. The addition of propeUant to its two payload bays 

would Increase its achlevable delta velocity to approximately 3700 fps. These are 

modest velocity levels with respect to orbital maneuverlns· For example, it takes 

approximately 1.500 fpf for a roundtrip from a 100 nmi orbit to a 300 nmi orbit. A 

return from seosynchronous orbit requires .700 fps to Q)OO fps, dependln& on 

whether a 21.' des plane c:haft&e 1s aa:DinpllshecL ·TheSe examples demonstrate 

that there 1s a real need to improve the payload-veJoclty product of the Space 

Cruiser. To the extent possible, the required added propellant should be contained 

within the vehicle because the Cruller ca•aot enter 1he atmosPhere to perform a 

plane chanp or other maneuver while aan"Yinl appe~M~aaes such as J)ropellant 

tanks. The vehicle must be "clean" for entry. We shall now develop the desip 

logic to both explain and to improve substantJally. the performance of the Space 

Cruiser while minimizing the resultant chanps to the · Input confl&uration of 

Flpre 2. 

'-2 STAR CONCI!PTUAL-DI!SIGN LOGIC 

. This section eXplains the· desip Josle that results in the pneral configuration and 

conceptual design of the Space Cruiser for the research appUcation. It is 

recopized . that the development of the Space Cruiser by a major system 

manufacturer would result in numerous tradeoffs and refinements. However, as a 

consequence of the reasonins presented herein it is believed that the differences in 

configuration and performance between what Is presented and the evolved aircraft 

will be more minor than major. 

The general shape of the Space Cruiser 1s based on 1he slender' right-circular 

or elliptical cone. The shape, lqth, wejpt and the performance· of the vehicle 

derive log1cally from the COiastralnts of: enet'IY mana&ement, atmospheric entry, 

aerotherrnodynamk:s, p = rna, the strona sravitatlonal field, rocket propulsion, 

launch veh1cles, hi&h cost-to-orbit and clslwlar operation. While desJ&ninlwlthin 
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these constraints there is ample room for inpNiity and for maximi.zins ope:ational 

~Wty, responsiveness, safety, readiness and autonomy. 1bis section is 

provided to clarify and substantiate the conceptual confi&uration and design 

approach of the Space Cruiser for STAR operations. The Space Cruiser will be 

used as a research spaceplane while retaininB fully 1he option for its use as an 

operational military spaceplane. 

The logic of the conceptual desip derived from the need fOI' omnimissionallty: 

the capability to perform well in many roles, uses and functions. The word 

omnimissionallty is used to distinpish ~ 1he Space Cruiser's mission 

capabilities and the term •multi-mission capability" narmally URd in reference to 

aircraft. The means for obtaining omnlmlssion performance will be explained and 

in effect, be presented as a road map to this result. Pollowln& the discussion of 

omnimissionality the resulting overall operational requirements wW be presented. 

The operational requirements are 1hen focused to conceptual deslp requirements. 

1be operational and desip requirements are placed on a relative basis and then 

transformed into the resultant STAR Space Cruiser canflpration example. Its 

performance is then cpattlfied and presented in various ways as the basis for 

discussion of system development and operations, the topic of Section 7 .0. 

'.2.1 Omnlmilsion llotiYatlol• 
A principal n1otivatlon for incal porating 1he performance, flexibility _and other 

characteristics which result in the capability to adapt well to a wide variety of 

uses or "missiOns" in space and the upper atmosphere is the uncertainty inherent in 

research future-missions predictim. The Space Cruiser's operational capabilities 

with a large payload-velocity product tflrou&hout cisllnlr space are predictable. It 

can go "where the action is", that is, where the satellites are or can be. It can 
operate manned and unmanr-·,d. Although -many types of missions in space are 

generally predictable by analOSY with our aircraft, _naval, and space experience 

across the wide spectrum of researdl, military, scientific and commercial applica­

tlor.• and operations, each category of the spectrum is expanding into space 

rapidly, perM~ .-: :~~·~y. It is not possible to predict with confidence all the 

· future resear.:.: .. ·. ~~JlOnS and uses. 

The tesult is a strong motivation to design the · spaceplane for the widest 

possible application. Indeed, it is anachronistic m build a research vehicle to 

provide data for a limited field, such as aet'Odynamics or flight cantrol, at least in 

the context of spaceplane technolog and research. 1be relatiftly high costs of 

space operations require that there be as many research beneficiaries as possible, 
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to obtain the cost-effectiveness and benefits that will justify STAR dearly to the 

- Congress, the Department of Defense, the scientific community and the public. 

Correlated with the omni-mission requirement is the motiveation ~o avoid a 

plethora of vehicle types. Every effort should be. made to minimize the number of 

types of vehicles and to do so in such a way that the resulting vehicles can operate 

as synergistically as possible. For example, the upper stage(s) should double as 
propulsion modules for the Space Cruiser and the Cruiser should retrie~e spent 

upper stages for reuse. 

Space yields the unique opportunity to provide true multi-missionallty in the 

Space Cruiser. We will expand this point. This is in contrast to the well-known 

difficulties facing multi-missionallty of aircraft in the atmosphere •. 

'-2.2 Omnimissian Means 

Principal means or routes for obtaining omnimissionallty include: 

o Taking full advantage of the space environment · 

o Strong emphasis on energy management in design, configuration and 

operations 

o Exploiting launch vehicle options 

o Providing reF-Overy options 

o System modu!c.rity 

o Minimizing· costs as part of and as a result of the above ormlmissionallty 

means. 

Let us expand this road map to omnimissionallty by further consideration of each 

of the listed means. 

'-2.2.1 Space Environment The n. ~ significant impllcation of space to omni-

missionality is its being a vacuum. The resultant, drag-free operation allows great 

freedom in vehicular design and configuration. External carry of payloads, 

propellant, propulsion modules (i.e. with rocket motor), life-srqJpOrt consumables 

and equipment, and other support equipment and sidecars for passengers and 

equipment exemplifies modular confi&uration flexibility that results in adaptability 

to the missions in terms of confi&uration and performance. Configure for 

adaptabiWty to what is. ne~ when it is needed rather than penalize missions by 

specifically designing and configurinS the vehicle for a single ~~ 

The zero drag environment combined with the ~ of aerodynamic 

perturbation forces facilitate rendezvous, cloclcing and caching. Rendezvous, 

docking and caching permit conflgwatlon chanps while on orbit for efficiency, 
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performance, and safety in accomplishing or changing missions. Zero drag also 

facilitates extravehicular activity thrQUghout the space mission. 

Each of the above zero drag implications contributes to what can be called 

buddy operations. Rendezvous and docking for refueling and transfer of payload, 

crew, or equipment between two Space Cruisers·~ a ·buddy operation. For 

examp!e, two Cruisers could each inject into the ~e transfer orbit. One Cruiser 

carries the payload and therefore consumes· more propellants. After the injection 

bum is complete, the Cruiser with the payload is refueled by the other in a buddy 

operation and will arrive at its apogee with full tanks. This procedure is analogous 

to upper-staging in terms of performance but no stage is used or expended and no 

space debris results. 

Unlike airspeed,. "spacespeed" is a function of the· orbit, the denination and 

the time available to get ·there, rather than being a principal function of the shape, 

size and power of the vehicle. Space is the great leveler or normalizer. The large 

and the small perform the same velocity profile In the same orbit. The drag-free, 

free-fall space environment results in flight endurance, fli&ht distances and low 

propellant consumption-per-mile totally beyond meaningful comparison with 

atmosptu~•ic vehicles. Omnimission vehicular capabilities derive from these time 

and distance free-variables. 

A final observation in this discussion of the role of space environment in 

obtaining a high degree of omnimissionallty in an appropriately configured Space 

Cruiser is the infinite line-of-sight distance available when not occluded by the 

Earth, moon or Nn. The full benefits of line-of-sight and transparency are 

available to the small vehicle in its missions. 

'.2.2.2 r.rg Management What is needed. is the smallest practicable manned 

vehicle so that it presents the minimum weight and volume 10 whatever the launch 

vehicle (LVi may be. Launch energy and costs ·are .so large on a per-pound and 

per-dimension basis that the tradeoffs greatly favor sma.Uness. The point could be· 

made that there really is no tradeoff. Make the .,ehicle small and add modules and 

propellants 'as required. 

Minimizing the weight and volume presented by the spaceplane 10 its LV 

equates to maximizing.the payload capacity of the spaceplane, its achieval,le mass­

rati~ and payload-velocity product and the weight and volume available for other 

payl~ on the LV. Up 10 perhaps four fully fueled or eight swtially fueled Space 

Cruisers can be carried in the Shuttle Orbiter's cargo bay. The performance of 

. modest size e~dable launch vehicles (EL V) sue± ~ the MX booster is partie-
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. . ularly ·.-tlve 10 the rn1nimizatlon of the specepl8ne. n. .mntaaes of EL V's In 

terms of responsiveness, readiness, avallabWty and potentially, cost ....-· for .ny 
vehicle that exploits the uae· of .!he f cleft1oplni .et· ·of 1!1. ¥'1. The coordinated 

· . .,. ·· launch of one air more·adclltlonal'ELV's 10·,-:e=-payloliil or p~ap1la.nt In p-=e for 

pickup by the spaceplane can obviate the fteed for a larpr LV _.froiD· that which 

!wnches the sp...~lane. Thus parallel or-~ launch ·Of tYIO·:or· more 
spaceplanes can be done with EL V's ·for OexlbWty and respa.n.-. 

A special case of EL V or partially reuable LV II ~ aldJorne llln:h vehlcle 

(AL V). The perform._~ benefits 10 the AL V-aircraft system from sp~~teplane 

smallness are even greater than thOse reallzed by the .....S-Iaunched LV. One 

principal ·result of spaceplane smallness is the enablinl of ex1st1ns aircraft such as 
the 7•7-200F to be used as the launch aircraft. Studies such as the Tranat­

mospheric Vehicle (T A V) Concept Development and Evaluatlan, sponsored by the 

USAF Aeronautical Systems Division· (ASD) t.ve lclentlfled substantial operatlanal 

advan-cqes of aircraft l&WM:h for the mWtary. Aclvantaaes Include flexibUltJ. in 

basins, launch area and in launch azimuth. Acldltlonal adv••taaes abtaln for the 

research spaceplane. An alrcraft-ALV-spaceplane system canc:ept is presented 1n· 

Section 6.3 that may prove to be the most cost-.ffectlve Space Cruiser operational 

launch method for the forseeable future. 

Most of the TAV conceptual designs have sufficient carso bay and wel&ht 
11ft1na c:apabWty 10 carry a spaceptane clesiped for minimum weJaht and volume to 

even low polar orbit. nae smaller the spaceplane the better the performance of 

the TAV ... spcepiMe system. The spaceplane complements the TAV in effectively 

ext:end1nl Its the reach into cislunar space. The TAV serves as a launch vehicle, a 

1~ ...,art vehlcle between the earth and the spaceplane an-orbit, and can 

join s- bur'c£y ~•atlons. For example the . TAV could provide on-orbit command 

md COittlol. 1he TAV could precede ~ spacep~ over a gqraphic area or 

space volume of interest and call in and vector the spaceplane (Or vice· versa). 

Another energy manasement technique of great value is the u. of aerobraklns 

to clecreue the spaceplane velocity and heating when traversing the upper 

atmosphere. The reusable aerobrake is especially valuable to the cislunar 

spac:eplane with entry maneuvers from high orbits and frOm geosynchronous 

altitudes and beyond. 

'nle high delta-velocity and propellant consumption required to perform ~ 

substantlal plane change in low earth orbit can be reduced greatly by usinl 
aerodynamic lift in performing the plane chan&e· nus is the synergistic plane 
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change. Propellant is only required to provide the retro velocity for entry, to make 

up the 'velocity loss due to draa and sravity and to inject and Insert the spaceplane 

into the final orbit. Vehides with lift-to-drag ratios of 1., or more can benefit 

substantially from the synergistic plane chan&e as part of their energy manasement 

for obtaining omnimissionality. 

'.2.2.3 . Launch Vehicle Options The large differences in launch vehicles in use or 

available in the future are in part the results of differences in missions for which 

they were designed, differences in payloads, orbits, modularity, reusability, etc. 

. The stable of LVs will continue to grow. Example LVs with sufficient capability 

for potential launch of the small spaceplane are: 

Shuttle 

Shuttle-derived launch vehicles 

MX Peacekeeper ICBM booster stack 

Future Transatmospheric Vehicles (T A Vs) 

Future Low-Earth-Orbit (LEO) logistics vehicles 

Air-launched LVs 

Commercial ground-launched L Vs 

Ariane 

The key point is that one of the principal means for achieving ornnimissionallty 

with the small spaceplane is for it to be compatible with u many LVs as possible. 

The LV can then be selected to match the mission requirements, enablins the 

spaceplane to fulfill the mission needs in the best manner in terms of launch cost, 

payload, post-launch delta-velocity available, and so forth. 1be smaller and 

lighter the spaceplane the better, for mlsslon flexibility with any LV. 

'·2.2.• System Moc'alarity An important means of increasing the adaptability of the 

spaceplane to missions is to use system m~ity. The following are conflpra­

tion examples that represent the modular approach to increase the number of types 

of tasks and missions that can be accomplished with the small spaceplane. 

External carry The carrying of equipment, payload and consumables externally as 

in contradistinction to the internal bay. In gener8l, the larger the internal bay the 

heavier the vehicle. External carry increases system .,erformance and versatlllty. 

Jntemallayout Flexibility in the packaging and relocation of internal subsystems. 

For example, the option of removing internal propellant tanks while usin& external 

tanks would substantially increase the internal volume available for mission needs, 

including the option of carryms a second crew member. 
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. Propu111an ...,.,..., 1he ~tlan of ~ propulsion module .tlpts the .,.:ep..,_ ~ 
provide a Jarp ~ In ~ paytoad-veloclty product. .._._,..~ available 

upper ~ lease~ o_rb!W Maneuverina Vehlc1e sptema (OMY) etc. u 
propulsion modules for the .,.ceplane cau1d Increase. mlsslan ~Wtr· Deletion 

. . .· .. 
of avioni~ ~ attitude control.,ment from ~ ~es ~ readt- In lower 

cost ~ simplicity relative to _the fully equi~ ~ system. 1he 

spaceplane's inherent capabllity in these _subsystem. areas may prove suffldent to 

include control of the module. 

BuddJ upaadM The previously cUscussed .buddy type operatians can be cans1dered 

modular· conflgurations, adapting the spaceplane to more missions and increaslna 
performance without the development or purchase of new equipment, requirln& a 

Iarser LV, etc. 

- .. ~·~ 

Laia:h vehicle aptlans The previously discussed LV options can be c:anslcJered as 

modular · confi&UratJon elements enhancin& omnimissionalitJ and perform.nce - _ 

matching the mission ~ payload. . 

Stale statlonl The distributed stap station COl apt 1s desiped to proride cwei- a· 

period of time as many small space stations as possible for tbe !c-'tiest cost. 1he 

stap stations would serve as sanctuaries, losistlc stations, ..vlptlan Jl&M ships, 

rendezvous points, relaxation and ~ centers, etc. 1he ce~apt:_ is to cleslp the 

f1na1 stap of the LV to serve as a space statiOn after ·its launch flmct1on 11 

complete. Because the stas~ stations would be inserted and left In or near the 

orbits· in ·which payloads and spaceplanes were inMrted, they 1end to be where the 

traffic is, where they would be within reach. Their ~bit awailabUity Jncreues 

as their number incr~ Launched on an otherwise e~MIIble LV, they tend to 

make the ELY in a sense, reusable indefinitely. Their low cost results from the 

relatively small cost of the capability when desiped into the stap from the 

outset. An AL V sketch with a stase ~tion as the ~- stap lS shown in Section 

6.3 and disCussed in the context of spaceplane operations in Section 7 .0. A key 

feature of the stqe stations concept is that they form a "distributed" space station 

. with 1inkaps such as commWlications and would be synergistic with the one. or two 

Jarp space stations planned cUmmly. The ALV example of a stage station depicts 

a ten foot diameter final stage that has two rooms, one the empty hydropn tank, 

and the other the empty liquid OXJien tank. Ten foot diameter looms Jarp to the 

spacepJane pilot. Hundreds to thouands of pounds of supplies and equipment could 

be avallable on the stap station. S1m1Jar services could be achieved with the 

NASA space station. SpacepJane refuellns at the Jar&e space station would be very 
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cost effective. Chanslnl crew, payloads, etc. would facWtate areatly 1he 

on-orbit accompllshment and chan&ln8 of mlsslons. Puture TAV and Josistics 
vehicles could provide support of the spaceplane and/or its pa~loacl and crew. In 

each case, the smaller the spaceplane the easier it becomes to support. 

'-2.U llecoftl y Optianl An important means toward omnim.issionality Is the pro­

vision for recovery options. 1be spaceplane should be Inherently c:ap8ble of truly 

autonomous self recovery. It should be capable of landinS safely at austere sites, 

unprepared sites, "hellcopter-compatlble" sites. It should be capable of reachJns 
and being stowed in as small a volume as possible in the Space Shuttle Orbiter for 

recovery or refurbishment. 1be Orbiter could recover the spacepJ.ane's crew, 
payloads, propulsion module~ sidecars, etc. · 

'.2.2.6 Minimum Cost In addition to the capability to perfOrm a multiplicity of 

missions with the spaceplane, the cost of performing the mlsslons must be 

sufficiently low to warrant the spaceplane for their accomplishment. nus is not to 

state that each must be cb-.e at less cost than by ~ possible means,~ to ~ . 

the point that on the averaae the cost must be less. A central point here Is that 

the spaceptane may enable the obviation of the development and procurement of 

vehicles and propulslon Systems capable of fewer ~ and missions. 

Each of the means toward omnirrilssionallty which have been stated has its own 
impllcations for m1nlmlzinS costs as well, by contributing to the number of options 

from which the mission confl&uratlon · can be selected with criteria 1nc1udlns 
. individual option cost, relative costs and cost-effectiveness. A key point is that 

the flexible, JU&b-perfonriance spaceplane wW result in cases where its payload­

velocity and other' performance will'enable a combination of tasks or missions per 

flight, thereby recluc1n& 1he cost per task by sharin&-
Let us consider a brief summary of trends toward the hi&h return-on-invest­

ment of ornnim1sslonallty. 1be Intent Is to clarify tbat the means also imply the 

reduction of mission cost. Selection of only the spaceplane "modules" required to 

accomplish the tasks and the avoidarice thereby of costly capabillty-overkW far' 

less than full-capability mlsslons is a result. In partial summation: 

o "nle smaller the spaceplane the larpr its payload-velocity after Jaunch by 

the LV; the less the lawlch cost; the less the resupply cost. of spaceplanes 

and their support on orbit; and 1he more LV types are available. · 

o Autonomous recovery and capabWty of Iandin& at unprepared sites lhould 

result in reductlon of recovery cost by orders of mapitude. 11\ls could be 

vital to spaceplane use as a research veh1cle for space operations. 
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o On;.orblt cacheabWty offers cost reduction by minlmlzlng the round-trips. 

o The use tflrouBhout of current technology reduces development cost, 

increases the rellabWty of costln& ·and reduces risk. 

'.2.3 Operational Requirements HavinS considered the principal motivations and ...._ 

toward achievin& the omnimisslonaUty potential of the small clslunar spaceplane 

we now conslder their lmpllcation on operational requirements. We wW then 

transform loslcallY these overall operational requirements into the more spedflc 

design requirements. 

The foremost operational requirement is for full-envelope operation. 11ds 

requires that the spaceplane must be capable of cislunar, transatmospherlc and 

endoatmospheric fl.isht and operations. Further it is requlrecl that the spiiCepiMe 

be capable of fll&ht routinely amona these three compments of the full emelape. 

Thus, on a particular sortie the spaceplane cou1cl return from cisl.._ operation~, 

perform synersistlc plane changes followed by operations In low to medium altitude 

orbits, reenter, perform tasks in the atmosphere and then land at an ~ 

site of the pilot's own choosinl· Within this basic requirement, the spM:epllne 

must have the followinl spec:lflc operational capabWtiesa 

o ·. Extravehicular activity operations must be routine. The sp=oeplalts Md 

the pilot's environment must facWtate EVA as often as desired clurJni a 

fli&ht· 
o The spaceplane must be capable of autonomous Iandini safely at m 

austere site of opportunity and must permit flna1 ~Inc far 

selecting the site and performlns Jandins at zero speed. 

. o The spaceplane must inherently facilitate launch by launch vehicles 

currently available and available in the future. 

o The spaceplane must be capable· of both autonomous operations lftd 

coordinated operations with other space and Earth systems. 

These requirements are in support of operational military doctrine and 1he 

minimization of the cost of supper~ and fli&ht operations whether mWtary, 

research, commercial, oc of other catesories. By desi&nlnl from the outlet to 

meet the requirements of aut01aomous operation the problbWty of rneet1n1 the 

requirement is maximized. It is consistent with military flilht operations md the 

need for a large reduction in the cost of operations. Expandlns the requirement few 

cost reduction, the requirement exists for ..,._tlal reductlon of cost~ aero~~ tile 
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board from an operational point of vieW. T1als the spaceplane and its operatial• 
are requ1recl to be low-cost on the averaae relative to other means of accomplbh­

inl missions for which it is suitable. Finally, all these requirements must result in 

the capability to perform as many tasks, uses, or in summary, missions as pollible 

in an overall cost-effective manner. 

'.2A Conceptual Delip ~ The desip r~ments for the spaceplane that 

result from the above dlscusslon and operational requirements are: 

o State-of-the-art systems and technolOSY as the most advanced level but 

lower level technology may be preferred for practical reasons such as 

cost. 

o Minimum wel&ht and volume within practical reason. 

o Maximum payload-velocity shou1cl be achieved in spaceplane cleslp. 

o · Endoatrnospherlc eneriJ manapment balanCe betWeen the maxim~ of 

the llft-to-drq ratio (L/D) and the minlridzatlon of draa· 11\ls must be . 

done with the full conslcleratlon that the spaceplane 1s a cisiWW' ~' 

not a payload-to-lfOUI'd, lntemal-payload-volume vehicle. For e• 9le 
the beneficial use of centripetal .:celeratlon durinl chorclal, . tnns­

atmospheric pasteS_ must be includecL The use of propellants for pllne 

chanses in an optimal trade amcns welsht, velocity losses, aerodynamk: 

shape, center-of-gravity control for stability and control, and CCIIIII'Ol 

surface hinp-momentsi••IY requirements presents a cles1p problem in 

which LID is only one factor. 

o A reusable restowable aerobralce is reciulred· The aerobrake subsJstena 

must be compatible w11h multiple operatlcn per fll&flt. 

o The lanclifts system must be baled on the Oytns-parachute or Parafoil. 

Landins velocity should be centered on zero-velocity. Redundant Para­

foils are requ1recl for safety • 

0 The codcpit shall be Uft.pi'!IIIJfized while in space. 

o The ~Jane deslp wW fac1lltate !VA as a normal routine operation. 

Safe control of the spacepJane shall be maintained by the pilot while an 

EVA. 1he ..,.cepiMe shall be cleslped 1D provide as much aalstance a 

possible to the pUot or others who are performJns EVA ectivity in 1he 

vlclnity of the ..,.cepa.ne. 
0 The overall specepiMe IJitem canfl&uratlan Md ..... wU1 apiDit 

.......,ity to prcwicle the maximum OIM1m1sslonallty ... cost-effective-

ness. . ~ . 
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shows that aU of f:he ..-aa clelip ~ dllcuaed c:antrillute to the 
omnlmlsslonallty of the ....,._. 1hls oblerwatlan reat1ted from examlnlnl the 

outcome of the pre.-.tlon of the chin lnd reflects omnlm1uionalltJ as the 
pr1nclpal criterion for deflnln& the operatlonll requirements. 1he bullets lndlcate 

strona, cleflnlteness In carreJatlon. 1he lb-clelta v column represaau 

payload-velocity. The 0 psi column .represents the nan-preaurizled coclcpit 

environment • 
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EVA ROuniELY • • • 
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6.1 SPACI! CRUISI!R CONPIGURATIDii POR STAll RI!SI!AROI 

A key result from the analysis of the raearch vehicle appUcation is that there 

is not a requirement to change the internal layout of the spacep&.e from that of 

Figure 2. Also important is the corollary evidence that should internal c:hanses 
result from development of the vehicle by a major system manufacturer it is 

unlikely that the performance of the vehicle as a research vehicle would be 

degraded as a result. The need for additional performance ~illty in the Spaee 

Cruiser was evident from the responses to the r~ch survey. Numerous tasks 

were recommended that involved joining with satellites. While most satellites are 

in orbits below about 900 miles, it was determined that the Space Cruiser should 

have the capablllty to rendezvous with satellites at any altitude, includinl those in. 

geosynchronous orbit. Although external propellant tankqe or a propulsion module 

such as the Centaur could provide the ~ eneriJ to carry experlmen~ 

equipment or payloads to reach • h1&her satellite or satellites it has been a around 
rule to retain sufficient Internal propellant reserves to return safely without 

external propellant. Additional velocity would increase the capability f« rescue 
operations as sugested in one survey response. The lmprovemen~ includes the 

option to use added eneriJ · to reduce the orbital maneuvering time by enabllns 
higher-energy but shorter duration transfer orbits. The input Cruiser confipratlon 

of Figure 2 is too llmiteclln achievq velocity with internal propulsion. 

There are important changes therefore that are recommended to result in the 

STAR spaceplane configuration. The overall entry body shape should be changed 

from the right-circular cone to . the cone-ellipse. A number of siplficant 

· advantages result. Before the advantages are presented it should be clarified how 

the internal layout is unconstrained by the reentry .body change to an elliptical 

cross section. 

The design concept is to design the outer airframe or reentry body to overlay 

the lmer airframe or substructure which remains conical regardless of the final 

shape of the outer airframe. The outer airframe can be termed the aerosheU. The 

lmer airframe is termed herein, the substructure. The volume between the 

aeroshell and the substructure is termed the auxiliary volume. 

The principal advantages of the coc~ ellipse are the increase in available 

volume internal to the thermal structure, the opportunity to eliminate winp or 

strakes, and an increase in LID while retainin& a low value of draa, perhaps 
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decreasinl drq. The elimination of winp or other appendaps that agravate the 

heating problem by creating shock interference and radiation apinst each other 

appears desirable from a thermal viewpoint. The top-and-bottom symmetry is 

retained suffidently to permit the Space Cruiser to fly with top and bottom 

windward alternativf!ly. This is not possible with the flat-bottomed, wingt.d 

vehicles which cannot use this method to distribute the heat load or limit local 

heating • 

Aerodynamic control would_ be accomplished by the conventional split wind­

ward flap ~ethod. As the alternative to four straked wings with elevons used In 

the Spaceplane Examination (Reference 1) the number of control surfaces and 

associated drive motors is reduced from four to two. This should reduce weight 

and volume at the aft end and reduce the cost of refurbishment. The elimination 

of the winged, ~uciform configuration wW impose greater demands on the 

autopilot In terms of stability control. However, the resultant increase In 

allowable entry velocity would be of great value. 

The other principal, perhaps vital justification for the elliptical cross section 

is the availability of the auxiliary volume for propellant tankage. This volume 

would be substantially greater than that of the internal spherical tanks. As will be 

quantified, the Space Cruiser' operates at the hlsh-slope section of the logarithmic 

rocket equation curve. Therefore there is no way to have too much propellant or 

to reach the point of diminishing returns. High density-Impulse propellants and as 

much propellant volume as possible are design requirements. 

The design concept for auxillary tankage is to use conformal, effectively non­
pressurized tanks that fill the auxiliary volume efficiently. The fuel is located on 

one side of the aircraft and the oxidizer on the other side. 1b1s provides desirable 

separation. The propellants are pump-fed by small electric motor-driven pumps. 

Samarium or other modern magnetic material motors. would be used. The pumps 

would be very small, with redundancy. Because there is no need to pump-feed all 

the plug-cluster engine nozzles at once, the motors can be optimized (or 

packaging, reliability, etc. Once in orbit, the thrust level of the PCE is relatively 

unimportant because flight is at low fll&ht path angles, resultlns in very low 

gravitational velocity-losses. A small reduction in delivered specific impulse 

results from operating with fewer ll:)zzles but the advantage of increaad available 

energy makes this consideration moot. 

Another reason for the cone-ellipse and the elimination of winp is the option 

to design the aeroshell and substructure as a system such that the aerosheU can be 
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removed as a unit readily and replaced. This featw'e has several important uses. It 

provides for rapid replacement of the aeroshell when required, ellmlnatlnl the 

impact of aeroshell refurbishment on Space Cruiser tum-around time. It provides 

the means for concluctlng research on/with the aeroshell without modification of 

the substructure and core vehicle. 1be internal subsystems can remain intact, 

inspected and untouched while a different aeroshell is attached. It is expected that 

aeroshell replacement would be a flight test hanger-compatible operation. Aero- · 

shell research would include substantial shape chanses, structural research and 

materials research • 

The availability of auxiliary-volume propellant tankage provides the oppor­

tunity to remove the internal, spherical tanks, move the primary Parafoil forward 

toward the secondary Parafoil and install a second seat. 1be forward seat would be 

ideal for a payload or mission specialist. It would permit adjustments to be made 

on cargo or instrumentation from the second seat whlle the nose section is folded 

aft alqside. The location of the spherical tanks centered about the C~ 

center of gravity allows the additional crew position with no sipificant chanp in 

CG location. The two-crew-member confl&uration can be used for example for 

astronaut . rescue.~. and recovery to earth. ~n .the auxiliary tanks contain 

propellant the CG translates aft. This is unacceptable for entry. lberefore, the 

operational practice would be to use the auxiUary propellant first, permlttinl 

subsequent entry with full internal spherical tanks and possibly some propellants in 

the auxiliary tanks. 

The resultant STAR configuration of the Space Cruiser is illustrated in Figure 

4. The evident changes are the low-eccentricity elliptical cross section and the 

deletion of wings. 

6.1.1 Centaur-5P 

The performance and effectiveness of the Space Cruiser can be enhanced 

substantially by the addition of a propulsion module. The propulsion module is 

defined as an additional propulsion system with own rocket engine. The use of the 

wide body Centaur as an example propulsion module with the Cruiser is depicted in 

figure'· 
It was analyzed for use with the Cruiser in the Spaceplane Examination. 

Figure. 6 shows the Centaur-SP located in the Orbiter's cargo bay. The nose is 

shown attached normally, however it can be folded as indicated by the dotted lines 

(or removed) to provide an additional cargo bay space approximately·12 feet long. 
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-·The RL-10 Derivative DB ensme was ·~mmended for the Centaur-SP. It 

uses an extendable exit cone and can operate at two reduced thrust levels when 

required. Pumped idle provides approximately 3700 Jbf and tank-head idle provides 

approximately 1'0 lbf. The clellvered specific impulse at full thrust of 1,,000 lbf is 

4n sec with a mixture ratio of ,.0. 
6.1.2 ParafoU l'erfannmce {References 2 and 3) 

The total recovery weight of the Space Cruiser is CGIISel Atively assumed at 

,,000 Ibm for sizing the Parafoll. The steady-state gliding perfonnance with 

Parafoil deployed is given in Figure 7. The ability of the ~afoU to buld with a 

velocity close to zero has been demonstrated many thousands of times . ·' Parafc;ll 

sport j\lmpers and by various Department of Defense system demonstrations. The 

· Parafoll is superior to the parachute by the LID ratio. For an LID = 6, the Parafoll 

has approximately one-sixth the rate of sink. The flare maneuver is quantifiEd by 

Fi~S. 

6.1.3 Payload-Maneuftrabillty 

The principle flight performance measures of the Space Cruiser are: 
o Payload-v~loclty 

0 Zero-speed landing 

o Plane change capability 

o . Atmosphere penetration 

The basic result of payload-velocity is payload-maneuverability. Payload-velocity 

is the change in velocity, delta-V, that the spaceplane can give to a payload as a 

function of the payload weight and the spacepfanels c:anfiguration. It is the 

normalized measure of payload maneuverability in the sense that the velocity 

available with a given payload can be used in a wide spectrum of maneuvers. The 

choice of maneuver is optional and not the basic measure of vehicle performance. 
The transformation of velocity ir!to typical maneuver'S in space is for concept 

purposes a handbook matter. We can evaluate vehicular performance compre­

hensively in terms of payload~velocity without loss of pnerality. Several example 

maneuvers should then serve to present the transformation of payload-velocity to 

payload-maneuverability. Payload-velocity is an excellent and revealing n.easure 

for comparative evaluation of different space vehicles ar.d among configurations of 

a particular space vehicle. 

6.1.. STAR Space Ouise: Performance The paylOad-velocity of 1he STAR Space Cruiser 

is given in Figure 9. The vacwm dellvered specific impulse of the Aerojet plug­

cluster engine with all nozzles operating is 316.1' sec. 1be individual nozzles or 
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Pip'e 9 STAR Spice Cruiser PayiiiM-Velocity 

~odules have a specifi~ impulse of 311.66 sec with chamber pressure = 188 · psia. 

Fue! flow is 0.27 Ibm/sec and oxidizer flow is 0.33 lbm/sec, for a total floW rate of 

0.60 lbm/sec. The PCE diameter is 43.55 in. and its length is 13.88 1nches. The 

module thrust is 188 lb and the PCE thrust is 305L12 lb. . · · 
'• . . . 

The total weight of the PCE is . 85 Ibm. The useable propellant from the 

spherical tanks is 1,300 Ibm. The conformal auxiliary tanks provide an ~tlonal 

4,500 Ibm of propellant for the STAR confl&uration ~esented herein with an 

elliptical cross section with an eccentricity of aPProximately 0.707. ·"!Gi• 1he 

auxiliary volume is directly proportional to the senu-maj~ -~.of_. me·~~ 
cross-section and L/D increases with an increase m· eccentricity, the awdliary 

propellant volume is believed to be conservatively estimated. A no1e ba1iast 

weight of 492 Ibm was included, corresponclin& to no payload in the paylold bays. 

1'hhi value decreases if a payload is located in the forward bay and remains 

approximately the same if payloads are located in both bays. 

The maximum delta-V achievable by the Space Cruiser with zero payload is 

1,100· fps. A velocity of 8,075 fps is provided ~ . a pay~ of ~ Ibm. This 

corresponds to an internal payload density in the forward bay of approximately 60 

pounds/cubic foot. Of course, the large payloads would be carried extemally. 

--- -
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6.1-' eent.ur-5P FeaJDI-.ce The payload-velocity performance of the comllined 

Centaur-~~ Cruiser 1s pven bJ f1&ure 10. The wide body ·cemaur would be t • 

mocllfl~ by repJacin& the two RL-10 eftllnes with a sln&le~RL-10 Dirlvatlwt 18 

qine. .For overipeed entry of the Centaur a 1lft1na aefobralce Would be attached 

to the aft end. The lower curve represents the Centaur as a propUlsion module 

with the full, wet 5pla Cruiser as a payload of 10,100 Ibm. The zero...paJIDM 

velocity is 20,7•1 fps. This corresponcls to a plane chan&e at 100 nm1 altitude o( 

more than '' depees A velocity of 1•,000 fps corresponds to paytoM dellwry 

from an incllnatlon of 2LJ de& to posynchronous orbit. It Is interestln& to oblel we 
that the Centaur-SP could push the entire Orbiter to a velocity of 3,QJO fps. This 

corresponds to a ~. in which the Orbiter is pushed from ~a ·100 nm1 dn:ular 

orbit to a 300 nml drcular orbit and bade clown ap1n to a 100 nml drcular orbit, 

twice, the Orbiter is then deorbited, the Centaur propulsion module Is left in low 

orbit and the Spaceplane is then free to maneuver fully with up to 1,700 fps and to 

return. to land "on the win& of ~ Orbiter." The Orbital Maneuverin& Syste.m 

(OMS) enpnes of the Orbiter were not used. 

----------~----------------------------~ ._ :CEN1'fllt-IP HOIEL 
- : SPECIF"IC IJIIULSE .. 72 SEC 
- : PROPEL.LANT WT-47.;282 111tt 

14- : CiR088 NT-53,7. 1n 

: EXPENIJAII,.£s-7. ·-- .................................... . --~~-v >·­t;a4-

~·->1---~ SIM CINiiUt PWI PIM..ORD 

•. •• ·ae • • • • 78 • u •••••••••s••••• 
PAYLCRD MEIGHT Cl- 11a•) 

Pipe 10 
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The upper curve shows the 8700 fps velocity achievable by the Space Cruiser 

after stagins from the Centaur and the external payload. As a point of comparison 

the Apollo 1' used 28,832 fps to land on the moon and return. It should be noted 

that the addition of another Centaur stage would add approximately 7,000 fps and 

permit substantial payload delivery to the moon's Surface foUowed by spaceplane 

return to Earth. Return to the atmosphere from &eosynchronous orbit requires 

approximately lf,700 fps to 6,000 fps dependin& on whether the 28.' degree plane 

chan&e is done. Landin& site flexibility sugests the lf,700 fps value for maximum 

payload to geosynchronous orbit. 

rasure 11 combines the three payload-velocity curves, formins a composite 

performance representation. Not shown, but calculated, is the case where the 

· Cruiser alone pushes the Orbiter. A velocity of 31f8 fps is achieved with an empty 

Orbiter. This value is insensitive to Orbiter payload and indicates the Orbiter 

rescue capability of the Cruiser. 

~--------------------------------------~ ,._ : CEN'1"FUI-SP HOIEL 
2lill : SPECIF"IC. IMP\LS£-472 SEC 
- : PROPELLANT WT-47,282 1b• 
a4- : GROSS WT-53, 718 1 b• 

: EXPENDAII..£9-718 1 b• -- .................................... . 
-~ 

~~-" ,_l-
t;l4-
u 
ol-

~~---·­-
•• 18 18 38 ..... 78 •• 1-118128138148158118 

PAYLOAD ICIGHT ( 1- 1 b•) 

FJ&Ure 11 Payloaci-Velacity Map 
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6.1.6 c:rtaer M ..,.allllltr There are several points that can be rMde appropriately 

at this j\mdUI"e about Space Cruiser rnaneuverabWty. 1be Uteratwe Mounds with 

analyses of optimal maneuvers and charts of standard m~neUVers under cand1tiGnl 

of optimallty. OptlmaUty makes sense bec:al.- clelta-V Is ~ to come bJ" In 
space. 1be Solar Max repair mission showed the very llmlted ~ of 

the Orbiter in terms of velocity and of Its attitude control system. We allo .. 

that It was the man-in-spKe_ that maneuvered the Orbiter, that operated the 

remote manipulator arm, that retrieved the ateWte, that seand the •teWte, 

that repaired the satellite, that Operated the ann ap1n, that controlled the 

Orbiter, etc. Man-in-spKe is often irreplaceable, jUS! as on Earth and In the air. 

In this context one of the principalaoals of the STAR re.arch proaram lnd of 

the Space Cruiser as the research vehlde is to obtain flexibWty, u much freedom 

as possible from the constraints of limited hardware performance n clesiped-in 

limitations on the · astronaut. Another is to explore nan-ener&J optlma1, but 

practical nevertheless, maneuvers. . 

~ an example, consider transfer ~om a 100 nmi circular orbit to a _300 nml 

circular orbit. In real-llfe, optimal transfer may mean performlns the transf• In 

substantially less time. Rescue may be involved. The requirement may be to 

rendezvous with an object as soon as possible. 

Fipre 12 presents quantitatively the dynamics of the problem. The indepela­

dent variable chosen is the ter~ crossins ansie (TCA) where the 300 nml orbit 
is intersected. nus anpe is the anpe between the lOCal horizontal at the point of 

intersection and the Space Cruiser's velocity vector at the intersection. The values 

of the injection velocity bea1nn.inl the transfer and the Insertion veloc1ty required 

at the intersection of the 300 nmi orbit are plotted a.s a functlon of TCA. 1bele 

velocities are summed in the curve labeled Total Delta-V. 1he time duratlan 

required to perform the transfer is also plotted as a ~ of TCA. 

The origin values correspo1MI to the two-impulse Hohmann transfer In wh1ch • 

insertion velocity of,., fps is applied horlzontaUy, foUowed by an m.rtlon burn 

of~ fps at intersection, for a total of 693 fps. The delta-time 1s ,,.., minutes. 

U a TCA cf 2 <leg is used, the t!me 1s reduced by 1,.7 min. 1he ldded tDta1 

velocity is 681 fps, f« a total of 1,37• fps. A TCA of ' de& results in a trlnlf• 

time ~f 1'·' min Gr approximately 35 Wt of the Hohmann transf• time. 1he total 

delta-V required to transfer is then 3,,27 fps. 11Us value is well less 1han half of 

the maximum velocity of the Cruiser. 1be Cruiser c:oukl therefore return in the 

same time as well, and have ample propellant for deorbitin& and reentry. In this 

., 
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case the total time used in the double transfer is 32 min. which is approxlma1ely 

1/3 of one complete orbit. This example of a non-optimal maneuver is Intended tD 

remind us how important lt is to des1pl the manned spaceplane for the rnaxU.Im 

possible clelta-V and at the least wei&ht so that the LV can permit the Jarpst 

possible propellant load and/or payload weipt. 

6.2 PI!ACI!KEI!PI!R - SP Pl!ltPOlUIANCI! 

1be performance of the ttne-staae MX Peace&lleeper booster as an LV for the 

Space Cruiser' Is indlcated in fl&ure 13. This gaph piots the ~ velocity of 

the LV as a function of throw weipt. The trajectories nm as the IOW'ce for tis 

gaph were terminated at an altitude of QJ nmi. A non-rotatiftl earth ws 
assumed. This corresponds approximately to polar launch. A veloclty of 

appro~tely 1,3~ fps should be added to the terminal velocltles of F1pre 12 far · 

the case of east launch from a latitude of 2IJ de&· 1be coast period betweea the 

second and third staps was aUoweclas a free variable in achl~ final fl1&ht path 

anpe. The coast times shown are associated with a bwnout f11&ht path .,.ae of 

zero clep'ees. Results were also obtained for a burnout fll&ht path .,.ae of two 

···11·-~~--·-- --- ... ~'=-~ .... -~.......---.~~--- ........ ..--.....-.~-··- --- ------------------- -·---
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degrees. The velocity versus throw-wel&ht curve remained essentially 1he same. 

However, the coast times differed substantially. The transformation is 11..5:J6.7, 

83:,9 and 81.6:62.6 seconds. 

The Peacekeeper, without its post-boost vehicle, is capable of boostin& the 

Space Cruiser to suffldent trajectory conditions that the Cruiser can be stapd and 

reach orbit with propellant remalnin&. This is evident reprdless of propellant 

loaclin& in the auxiliery tanks. 

With no auxiliary propellant, 1he wet, manned vehlcle weips apprulmately 

,,600 Ibm and the LV provides a sta&Jnl velocity of a,oao fps plus the campo~.m 

of the Earth's rotational veJoclty at the latitude involved. The ',QIO am 5pKe 

Cruiser has then a maximum clelta-veloclty available of approximately 2p6.50 · fp&. 

If propellant were added to the two psyloacl bays, the vehicle would weip 6.2'0 
Ibm and woUld be capable of 3,700 fps after sta&ina- If the spherical taMs and the 

auxiliary tanks are full the vehicle would we1&h 10,100 Ibm and be capable of 1,700 

fps. 

A total velocity of 2•,000 fps plus 2,6" ~ or 26.'00 fps is avaU•hJe (plus the 

Earth's rotaticnal compoMnt) at a LV throw weipt of ,,600 Ibm. Slmllarly, a total 

,. 
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velocity of 20,300 fps plus 1,700 fps, or 29,000 · fps Is available with the spherlcal 

and auxiliary tanks full. Clearly the sta&lna ratio is sufflclently far from opdmal 

that the Space Cruiser does not reKh the point of cflmin1shinc returns ln terms of 

1ncreasln8 the fuel load. 

Human toler•~ and performance under the specific c:onditlons for laft:h bJ 
the Peacekeeper as an LV have been studied durin& exposures to multiple, 

sequential + GX acceleration pulles peak1ns at , a, and 9 GX ln support of 1he 

cor. tinuln& examination of the Space Cruller concept. 1he experiments were 

performed by the Air Force Aerospace Medical Research Laboratory, Aer~ 

Medical Dlvlslon, WrJ&ht-Patter•• Air Force Base. The main flndinp showed the 

profile to be well-tolerated physlotoslcaUy. The complete findlnp are reported in 

AFAMRL-TR-M-012, dated February 19P (Reference 6). 

6.3 AIRBORNE LAUNat YI!HICU! · 

As introduced in Section ,.2.2.2, the lalft:h of the Space Cruiser from a 
Boeinl 7•7-200F appears feasible and operat1onally attrac:tlve. The 200F moclef Is 

configured and ~ to be a frei&hter with sisn1fk:antly pater payloM 

weight capabWty than the passe•er.models. It is feasible to lift well over 300,000 

Ibm with a 200F~ Fuel is offloadecl to enable the maximum payload lift capabillt:f. 

It is assumed that the USAF's operatlonalln-fll&ht refueUns system would be af..ded 

to increase range, duratiOn and payload. 

The ALV with its spaceplane(s) payload is attKhed to the 71f7-2fDZ unduneath 

the aircraft, between the main 1and1n& gear and the nose wheel. The land1n& gear 

must be extended vertically approximately . • feet to accommodate the AL V. 1be 

extension concept is to attach a streamllned pylon assembly to each wheel well and 

attach the standard 1and1n& aear to the pyl~. It will probably be unnec:e s ary to 

raise the ·aear. Fixed gear would be the simplest. . Thus, the aircraft would be 

raised approximately If feet and the AL V and the Space Cruiser would be very 

accessible from the around- 1be launch aircraft .also serves as the canier aircraft 

in transportin& the AL V and its around and airborne support equipment. Indeed the 

concept is that the ab·craft would be the complete servicinat transportation, Jaunch 

and control facllity. The crew, office, fll&ht test instrumentation, computers, etc., 

would be contained in the aircraft. For launch, sround support equipment, srouncf 
crew, etc., are offloadecl to minimize take-off wei&ht•. 
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The AL V concept is lndk:ated In PJaure 1• .nd ...,artina data il·pre I !Rted in 

- I 
Table 1. 1be ALV is shown with RP-1 fueiJ however, lmprcwed perfGI'IIIMCe and 

I 
losJstlcs would result from the u. of prop~~• (Refer•~~ee 7). The cl1mensions are 

. I 

pven in feet. I 

Each strap-on boOster would be recoverule "ith a hrafoU Mel 1he fJnal staae 
I 

would be cleslped to be a stap-datlon, ~11ed in Sectlon '.2.2.' as a 
I 

modularity option. When the payla.d wei&M pre1"ts tn.rt1on of the stale• q1ne 

renart could be used after Cruisa' cleplo,ment to: provide the veloclty maneunr to 

the final orf\lt. In this reprd, operation of thei RL-10 at pumped-idle candltlons 

with a thrust level of approximately . 3,700 lbf I rn1&ht be best from • attitude 

control aspect. I 
I 

The Space Cruiser serves as its own final stale Md could provide the pidance, 

navlption · and autopUot 6mctlons durin& 1aft:h. n. u. of 1he basJcally 
. I 

production en&ines on the AL V would decrease ~lopment time and cost sreatly. 
I n. conversion of the ntan first staae enpnes to the llquld OXJien ...t propane 

. I . 
propellants is dlscussed in Appendix c. ! · 
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TAIU!I 
AIRBOilN2 LAUNCH Y!HICLE DATA 

Ciross 11ft off wel&ht, Ibm 322,117. 

STRAP ON STAGE (Two barrels) 

Gross wt, Ibm 

Prop wt, lbm 

Prop Mass Fraction 

Ave bp, sec 
Total Burn Tune, sec 

STAGE I 

Gross wt, Ibm 

Prop wt~ Ibm 

Prop Mass Fraction 

Ave Isp, sec 

Total Burn nme, sec 

STAGED 

Gross wt, Ibm 

Prop wt, Ibm 

Prop Mass Fraction 

Ave Isp, sec 
Total Burn Tune, sec 

PAYLOAD 

116,37 •• 
100,000. .. , 

302.7 

n.a 

163,,80. 
1.1,321. 

.SA 

302.7 

163 •• 

27,163. 

22,703. .. ,. 

ADDnJONALSTAGEDATA 

STRAP ON STAGE 

o f/wt @ lpition = 3.1' 
o f/wt @ shutdown = 6.CU 

o Parallel burn with Stqel 

o lsp altitUde = 29' sec 
o lsp vacwm = 310 sec 
o MR = 2.2, (LOX/RP-1) 

STAGE I 

0 f/wt @ 'Isnition = 3.8, 

o f/wt@ shutdown= 3.79 

o Parallel bum with strap-on stases 
o lsp altitude = 29' sec 
o lsp vacuum = 310 sec 
o f/wt@ map-en separation= 1.32 

o MR = 2.2' (LOX/RP-1) 

STAGED 

0 f/wt @ ignition = 3." 
0 f/wt @ shutdown = .7., 
o MR = '·0 (Lox/LH~ 

• Total Payload Delta-V = ~,607 ft/t« 

airlaunch at h=lO left, fli&ht path an&le = 0 de& 
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7.0 STAR DEYI!LOPIII!NT AND RI!SEARCH PROGRAM PLAN 

7.1 DEVI!LOPIIENT PHASE 

The principal results reqWrecl in th6 ccmlderation of the deveJopment phase of 

the STAR program were the estimated overall sc:hecfu1tns and costs. The approach 

used was to coordinate with the contractors which had· supported the Spaceplane 

Examination study (Reference 1). Eadl contractor knew the Space Cruiser 

responsible. Each was asked to provide an estimate of the time required from work 

.start to delivery of the first system(s) for installation in the Space Cruiser. costs· 
and delivery are discussed in Section 1.0. A total of six sh1psets were planned. 

The subsystems were the Environmental Control and Life Support System, the 

propulsion system includinz the propulsion components for the attitude control 

system, and the complete avionics system. The ground rules included the 

assumption of a research type deftlopment prosram procedure ~ to ~m­

mercial development, ROM ~ty estimation and being reasonably conservative. 

Each contractor estimated first delivery in approximately two years. This period 

was also considered reasonable for the soft-tovled aeroshell and the substructure 

which would be soft-tooled if non-metallic or prototype tooled if metallic~ It was 

further estimated by each contrador that a flight test prosram of approximately 

one year would be required after initlal delivery. The fli&ht tests were focused on 

Iaurich from the NASA Orbiter and Orbiter availability ... assumed. The small 

size of the Space Cruiser and the c:apabiWty to remove its nose section was used as 

the basis for assumption of the availabWty of the Orbiter. The priorities and ~ost 

waiver rights of NASA for research payloads are potential advantages for the 

STAR research vehicle as an Orbiter payload. 

The Space Cruiser does not fly in a ranee o~ speeds from sli&htlY over 
transonic to the speed of an ultrali&ht aircraft. After the cfeceleration drope is 

deployed and until the Parafoll is disreefed the Cruiser is stabilized and deceler­

ated by parachute. Therefore, fli&ht tests. concerning flight and subsystem 

perfOrmance over this speed range are not required or possible. Further, there wW 

be no landing gear tests because there is no 1andin& gear. The small size of the 

Cruiser sugg~ that an inexpensive boiler-plate version be used for ·landing tests 

and training. Training can alsO be clone with available flying parachute configura­

~ons. It would be undesirable to land on a paved nmway. There is no apparent 

" 
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requirement for expensive special traddna and .control facilities ne3r or at a 

landlns site. 

One of the most important flight test objectives is to verify the degree of 

autonomy that can be permitted 1he Space Cruiser with respect to ground support 

and controL Autonomy will reduce the cost of operations. On the other hand, it is 

necessary to obtain sufficient data and other results from the flight test opera­

tions. ~fore, a higher degree of autonomy is expected in operations subsequent 

to completion of the Space Cruiser developmental flight tests. 

. The wide spectrum of research ar.d technology tasks identified during this 

study suggests the Space Cruiser system conflsuration be versatile, modular and 

responsive to various internal and external payloads and test needs. It seems 

appropriate theref~ to begin the discussion of the development and research 

program plan with the presentation of the overall functional configuration of 

system operations from which specific recommendations can be derived and the 
available alternatives clarified. 

7.1.1 System Operatial.s Plan 

The blctional operation of the Space Cruiser in a total-system sense has been 

developed during the study. In striving for the goal of great versatility, or 
omnimissionality, the manned vehicle must be u small as is practical, have as 
large a payload-velocity product as is practical with modem technology, and use 

modularity to adapt to the needs or missions. as cost~ffectively as possible. The 

question then arises of what constitutes the total system. How does it all fit and 

work together? What is the system configuration as a fwlction of research 

mission? What~ the system configuration as a function of·development and need 

priorities? 

Consideration of such questions of the development, use, interactions, 

missions, etc., from the overall operations system vieytpOint can be aided with the 

block diagram of Figure 1 '· The start;ing points are the EL V Launch-Boost block 

and the STS Launch-Boost block. The usual finish point for the Space Cruiser is the 

Cruiser Facilities/Payloads block at the lower left. The primary focus of the 

diagram is on the Missions block. This block is double-boxed for emphasis. A 

secondary focus is made on the Stage-Station Operations block which is also 

double-boxed. 

Observe that from the Missions block the Cruiser' can return to the surface, 

return to the .Orbiter, be cached on orbit or rendezvous with a stage station. 
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Obsel #e also that the Cruiser could enter the mission wi1h ·internal propellant, 

. external propellant, or a propulsion module boost whether Jaunched by the Orbiter 

or by an a v. For simplicity the EL V term is ·intended to lnc1ude the AL V, with 

which it is planned that only one stage is C'xpenclable. Missions can be entered 

while in space or followinl a synergistic maneuver with a clean confipratlon. It is 

· important to o~serve that the Orbiter ls typically free to perform other 

missions/tasks independent of· the Cruiser. The block parallel to the Cruiser(s) 

Deploy/Load block represents ~is capability._ 

The Crulser(s) Deploy/LoU blOck represents that up to an estimated I 

Cruisers could be carried in the Orbiter's · cargo bay ar.d that Cruisers can be 

d~ployed and recovered or loaded in space (as the Solar Max Satellite). The 

parallel paths for vehicle recovery and handling of payloads are indicated ln the 

lower left portion of the dlqram. 

The Data Link shown at the top of the cJia&ram connects the Space Cruiser 

operati~ system with a selection of ~cipants.· Qearly, the ~ 

performance capability or mode Is only one mode of operation. 

Once on-orbit, the staae statians can be operated as sateUltes independent of 

Space Cruiser operations and may pay their own· way. Stace stations add a new 
dimension to the debate between expendable and reusable liumch fthic1es, namely 

the incleflnltely reusable final staae• For completeness, it Is recop1zed that staae 
stations without their propulslon systems other than attitude control could be 

deployed by ~ Orbiters. They may also be used· as an Interface between the 

Space· Cruisers and the future NASA space station. 

7.1.2 PJI&ht Test Confl&urat1on 
The Space Shuttle is recommended and explained herein as the lnltial launch 

vehicle for the Space Cruiser f1lsht tests. ·The Orbiter can provide the types of 

bullt•in support and control in Space Cruiser operations analogous to those U.S. 

Navy aircraft carriers provide fort.~~ Fleet Air Wings. 1be proven reliability of 

the man-rated Shuttle, its unique capa.')ility for on-orbit support and if required, 

recovery of the Cruiser result in tbe lowest risk factor and the maximum flexibility 

in achieving the fli&ht test objectives. 

Analysis of the 1914 Outside Users Payload Model report (Reference I) and 

discussions with NASA and Battelle's Columbus Laboratories revealed that the 

Shuttle is available for Space Cruiser flight tests durin& 1917, 1911 ~ 1919. 

There are several payload openin&s on scheduled fnpts. There are also several 

payloads with a sufficiently low probability of fli&ht that it is reasonable to expect 
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additional availability during the above time period. It is ~ that if actual 

Shuttle flight rates are significantly less than planned, consolldation of fl1&ht 
payloads may delay the Space Cruiser fli&ht test operations. On the other hand 

there are reserve capacity opportunities in the ·form of currently un:ICheduled 

flights as well as the less-than-full cargo mghts~ The opportwlity to obtain space 

tends to decrease as the fllght date approaches. The option's tend to close 36 to 2t 
months prior to flight as progress payments for payload space are received, payload 

integration becomes well under way, etc. 

Following the developmental and verification flight testin& of the Space 

Cruiser itself would be further developmental flights from time to time for the 

purpose of expanding its capabilities and configuration. For example, the intro­

duction of the MX booster as an expendable LV would require flisht testing with 

the Cruiser as its payload prior to its use as a STAR program LV. The intep"ation 

of any propulsion module, such as the Centaur-SP discussed in Section 6.1.1, would 

also require mght testing before operational STAR use with the Cruiser. The 

current Centaur family of upper stages represents an availabl~ propu1slon moclde 

source for the Cruiser. The NASA Centaur G'.(G-Prime) is a wide-body upper stap 

with 46,000 Ibm of propellant. It has two RL-10 engines and is planned to fly twice 

in May 1986. Two Orbiters will be used to meet launch window constraints. The 

Centaur G differs primarily from the G' in propellant load. It carries approxi­

mately 30,000 Ibm of propellant. It will be launched in a DoD shuttle in 1917. The 

development of an ALV and the potential stage station are additional examples of 

configuration changes to the STAR system that will in themselves require fli&ht 

testing with the Cruiser prior to operational use. A key conclusion or point to be 

made is_ that the developmental effort would rise and fall as the configuration and 

performance expand. Concurrent developm~t and STAR operations. would result 

after the flight test verification of the basic Space Cruiser is complete. Extrap­

olations through the lifetime of the Space Cruiser are beyond the scope of this 

brief study. In this context the report emphasizes the flight test of the Cruiser 

itself to the point when it can first be flown on operational flights in the STAR 

program. 

7.1.3 FJi&ht Tests 
Subsequent to validation and verification of the Space Cruiser systems and 

subsystems and integration tests, the following tests would provide the basis for 

certifying the Cruiser for STAR. For context with the eventual overall operations 

the development tests are presented with implicit reference to the overall 

operations plan of Figure 1,. Here the mission is to flight test the Crul.-er. 
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The Space Cruiser Is loaded into the Orbiter's carso bay where it is held with • 

cradle. The nose wW be detached but mounted in a position similar to the folded 

position with normal connec:tions between the nose and the aft or main body. 

Cruiser check-oL't is enabled usins the Cruiser's on-board power while the nose 
section is connected but detached. Nose detachment reduces the cost of lalmch, 

simplifies the structural dynamics problem during the Shuttle launch environment 

and provides experience with handling of nose sections in the cargo bay._ 

When on-orbit the pilot or payload specialist attaches the nose to the aft 

section. Options should be provided to attach the nose while the Space Cruiser is 

held in its cradle support structure as transported to orbit and· also after the 

Cruiser is rotated to the deployment _angle at or close to perpendicular to the 

Orbiter's lonptudinal axis. 

When deployed, the Cruiser will und ... ·go final system chedcout while in the~ 

vicinity of the Orbiter. The relative location will be selected to enable the orbiter 

to recover the Space Cruiser should the need arise. 

After checkout the Cruiser is deorbited to pass throu&h the upper atmosphere 

in a chordlike-arc. After atmospheric exit the Crul!er is maneuver6d bade to the 

vicinity of the Orbiter for inspection, data reduction and rendezvous experience. 

If required, the Cruiser is returned to its cradle for servlcin& or retwn to 

Earth after the Orbiter's other tasks are completed. U its systems are normal the 

Cruiser reenters the atmosphere for further aerothermodynamic and control 

system tests. It then eitber returns to the Orbiter as before or completes the 

recovery flight path to a landing. A key point is that- the Orbiter provides the 

capabllilty for on-orbit inspection, checkout, repair and if required, recovery of the 

Space Cruiser. 

The Orbiter performed its complete fJlght profile from launch through landing 

during its first space flight. The Cruiser should be ~pable of perfonnln& launch 

through landing on its first flight also. However, support by the Orbiter could 

increase the number of tests and objectives met per flight and increase flight 

safety. The Orbiter may be able to provide computer and communication support 

and backup. Its location at a higher altitude and in the vicinity of the Cruiser· 

offers a unique opportunity for support on the global basis of ttae flight test 

program. The flight tests of the Cruiser as a free flyer could be accomplished over 

a period of days to allow time for intermediate evaluation of system and test data 

and for corrective action or adjustment. 
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Determination of the number of fJi&hts required to confirm full oper&tiGnal 

status depe1Mis upon the specific desip of the Space Cruiser, the modular or ocher 

chan&es plamed to the Cruiser system, the measure of maturity and the portion of 

the performance envelope in which operational status is required. It is planned . 

· that research and technology tasks will be accomplished concurrently on a 

relatively lower level of priority during the pre-operational flight program. 

Should the need arise for acceleratiJl& the schedule, a substantial improvement 

would result from deploying two or more Space Cruisers from one Orbiter. The 

multi-day normal operating flight duration of the Orbiter would facllitate this type 

of test operation. It is possible that after several·Orbiter flights with one Space 

Cruiser per flight it ':'!ould be cost-effective to dedicate one or more Orbiter 

flights to carrying two or more Space Cruisers. 

It is clear that the Space Shuttle is capable of excellent, unique support to the 

Space Cruiser flight test program and subsequently to the STAR operational 

program. 

7.2 STAR RESI!ARCH PROGRAM 
7 .2.1 Plan Composltlan. 

Stated succinctly, the STAR program plan is to acquire and operate a limited 

number of Space Cruisers with an evolutionary, modular configuration to perform a 

wide variety of research and technology tasks for a wide range of beneficiaries 

that includes the military, the aerospace industry, government agencit~ and 

national laboratories. 

This report has presented the configuration, performance, system operations 

and other information that constitute much of the STAR program plan. In this 

context, the planned STAR vehide cone~ design complies with the design and 

operations logic plan developed in Section '·0 and is based strongly on the input 

configuration resulting from previous studies as presented in Section 3.0, the 

Spaceplane Background. Modification of this input configuration improves its 

performance for the STAR program dramatically. The planned modifications are 

presented with the resulting performance estimates in Section 6.0. The balance of 

the overall modular system, which includes for example launch vehicles and 

additional propulsion, is presented in Sections '·0 and 6.0. The planned full-system 

operation configuration is block diagrammed and discussed in Section 7 .1. Many 

potential STAR research and technology tasks considered important by members of 

the aerospace industry, the Air Force, etc. are presented in Secticn •.o. 1be 
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UnJca&e between the research tasks and me STAR Space Cruiser c:onfJpratlan 1s 

swe-ntecl princlpa11y In Section ,.1. The operatlanal procedures for u. in fll&ht 
test1ns the STAR research vehicle are pre1ented in Section 7.1 Thae operational 

procedures and tt.e associated conflp'adon whh the Space Shuttle as me ...a. 
vehicle are planned to continue durin& and to define the flnt phale of me STAR 
program. The second phase of operations includes the MX booster as a t.unch 

vehicle. n.e third phale 1s centered on the incorporation of the Centaur family of 

upper stages as propulsion modules for the Space Cruiser to extend itS perfortMnCe 

at all altitudes throup the seosync:hronous orbit and. if required, to ...... m1sslons. 

n.e fourth phase of the program plan 1s defined by the use of an airborne lamc:h 

vehicle as presented in Section 6.3. The fourth phale also lnclucles the use of the 

stage stations which. are presented in Sectlons ,.2.2, and 6.3 and 7.1.1 • 

7:L2 STAR Prop'am Plw.JeS 

The principal ~s of the STAR program are as follows: 

Phase I - Low to medium &ltitude orbital and transatmospherlc STAR opera­

tions with the Space Shuttle as the launch veh1c1e 

Phase D - lntr~on and use of the MX booster as a eomplementary launc:h 

vehicle 

Phase m - Introduction and use of the Centaur upper stage as a propulsion 

module for all orbital altitudes in cislunar space 

Phase IV - Introduction and use of the airborne launch vehlcle system and 

associated stage stations 

It is estimated that as a research prosram: 

Phase I STAR fllshts could besln as early as 3 years after initiation of Space 

Cruiser development. Phase D flights could besln as early as 4 years from 

initiation of Space Cruiser development. Phase m fllshts ·could begin as early as ' 

years from initiation of Space Cruiser development. Phase IV flights could begin as 

early as ' years from initiation of Space Cruiser development • 
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U D!ftLOIIIII!NT MD OPI!IlATIDNS COST I!STIIIA11DN 

Ll 1Nn0DUC11DN 
To obtain a Roup Order of Mapitude (ROM) estimate of costs for 1he Spice 

Cruiser t several aerospace corporations fam111ar with the spaceplane and sowern­
ment qencies were surveyed. Cost estimates were received for propulsion, 

avionics, and Envlronmental Control/Life Suppc;n System (EC/LSS) subsystems. 

R~ and Ufe Cycle Costs (LCC) of several prosrams were evaluated.· Several 

· pertinent type studies were reviewed for program cost estimates. Cost estlmatlan 

in these various reports varied widely, primarlly in view of the dWerent methods 

of calo.alatlon in each proaram's cost estimate. 

To determine cost estimates for the Space Cruiser, various factors were 

considered. Maximum use of off-of-the-shelf or modified GFE hardware was used 

which provided as realistic cost estimates as possible. The desip of 1he Spice 

Cruiser in itself permits certain cost-savings to the R&D Prop'am. Specific 

examples ares 
0 Shape simplicity (Cone-EUipse) 

o Recoverable and reusable 

o Small size and weight 

o Launch vehide/platform available 

o Subsystems not required in Space Cruiser: 

Landini gear system 

Ejection seat syst~m 

Winp and associated control surfaces 

Vertlcal and horizontal stabilizer 

Hydraulic system 

Autopilot below approximately Mach 1.2 

The Space Cruiser is to be developed and constructed as an experimental vehicle 

without NASA-type programmatic constraints. 

Although the above subsystems will not be required, the Space Cruiser, as an 

operable vehicle, will be an integration of the following subsystems and equipment: 

o Thermal protective system (TPS) 

o Lift control surfaces or flaps 
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·0 !C/LSS 
0 Sallltructure amcl MmlheU 

0 •Ballast 

0 l!ledric power 
0 AYianics and comnuUcationl 

0 COntrols and clilplaJs 

0 Recoftl 'I ., .... 

0 Propulsion/attitude control 

0 Pilot/cauch 

Improved cost estimates for these subsystems can be defJnitized after the Spice 

crutser conflpratlon is 1cnown 1n sreater c1eta11. n.e cost estimates received 1n 

this survey, which were of value In establishJnl1he estimated costs for the Spice 

Cruller RaD Prop-am, are reported below. 

L2 COST staftY RI!SULTS 

L2.1 AYianlc c.t l!sllmaMs 

. Cost estimates were provided for the baseline avlorlcs sub=y~tem except for 

the RP portion of the telemetry/command system and the auxiliary power system 

(includin& the bauerlei). The scope of the c:ostin& fi&ures includes all non­

recurrinS ensJneerinl, all hardware, software, fll&ht equipment and data suitable 

for conductinl an avionics fll&ht test prosram wi1h the Space Cruiser. Total 

prosrarn costs, w11h prosress payments, were estimated at $130M. Conversely, 

total program costs, w11h payment on delivery was estimated at $160M. 

L2.2 Envlraumaatal c:c.tlol ... Life~ S,slein (EC/LSS) Cast l!at1mates 

Non-recurrifts costs aaociated w11h the EC/LSS, pilot's couch, cockpit can­

trois, the I PSI EMU to be worn by 1he pUot, and ~round support equipment for 

recharsinB veh1c1e fluid systems were estimated at $10-1' milllo.1 throu&fl cpeallfL 

cation. 1be cost estimate for each shipset, In low ~ti~ -.as $6-10 mlllion. 

. 1bese are ROM costinl fl&ures. 
1.2.3 Propulslan c.t l!stlmatles 

Cost estimates for each Spice Cruiser lncluded: 

1. II PCE module wdts rated at 188 lbs of thrust each 

2. 14 ACS module units rated at 1' 1bs of thrust each 

'' 
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3. One fuel tank 

•· One oxidizer tank 

'· Puelllnes and manifolds 
6. Tbe cost of vacuum test1ns of a water-cooled test pius, 
7. For intesration purpoees, 1he cost of a propu1slon system mockup 

1be first shipset was estimated to cost $'·million (1983$) and $20 mUllan 

(1 983$) for five additional shlpsets. 1be cost estimates include assembly and 

preparin& shipment to Tullahoma, Tennessee for operation under vacwm condi­

tions. Delivery of the first sh1pset would occur 28 months after program initiation. 

the second shipset a year after acceptance of the rarst shlpset, and additional 

shlpsets at three month intet:Yals after the second shlpset is delivered. The mock­

up would be available 11 months after prosram initiation. 

L2A Lalnch Vehicle c.t l!stlmates 

There are many financial considerations in using the STS to transport payloads 

to orbit. For each launch, or as In 1he Space Cruiser research vehlcle pr~ a 
series of launches, a number of combinations of ser ~ (laWICh alternatives) are 

available. Combinations of standard services, optlonal flight systems, ~ond .. 

payload related services, special fees, and reimbursement schedulu can result in a 

dWerent price and cash flow. Further, because the Space Cruiser could support 

NASA in payload deployment, servicins, repair, lnspection and retrieval it is top:al 

to expect that NASA or the non-NASA payload organization would reimburse the 

STAR program for such services and support. ·lbe STS reimbursement procedures 

stated in the Space Transportation System Reimbursement Guide (Reference 9) 

applies to all non-U.S. Government and civU U.S. Government users. It does not 

apply to Department of Defense users. lboup the transportation price is charpcl, 

there is no added "use fee• c:har&ed to U.S. Government users. A shared-flight user · 

will pay a percentqe of the dedicated-flight price, b;Jsecf on either payload wei&ht 
or payload 1enph, whichever results in the larger payment. Folding or rernovlnc 

the nose of the Space Cruiser would therefore result in a substantial cost savms. 
The launch reimbursement is a function of the required orbltalincUnation as well. 

It would not be necessary to require adclltional Orbiter altitude or velocity in 

transportins the Space Cruiser. Charges for such Orbiter performance chanses 
would therefore be avoided. Another conslcleratlon that would be subjc!ct. to 

negotiation would be occasions of recovery, i.e. transportation of the Space Cruiser 

and its payloads.badc to the Orbiter's 1and1ns site. 
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An estimate of the charge factor can be made based upon the Guide as 

follows. 1be payload lq1h is estimated as the Space Cruiser length with nose 

removed plus two feet, or approximately 16 it. 1he load factor is thus 16/60 = 0.21 

and the charge factor is 0.27/0.7' = 0.33' for lalmch with an lncUnation of 28-' 

des· If the c:harze factor is based 01~ payload weJ&ht then the load factor is 

10,100/6,,000 = 0.1,,. and the charp factor is 0.1,,/0.7' = 0.207. Comparison 

of the left81h derived .and wei&ht derived charge factors Indicates the large cost 

reduction that would result from desipins the Space Cruiser to be installed in the 

cargo bay in a vertical or ~ly vertical position. The cost savinp ~ be as 

large as 0.3,'-0.207 = t•.nt of the full 10096 dedicated price of launch. 

Equivalently, an increase in price of 71.,96 occurs if the price is changed from the 

wei&ht criterion to the length criterion and the length used is 16 ft. 

Special consideration is given to users havin& an experimental, new use of 

space or having a first-time use of space that has great potential public value. 

This is ca11ecl an exceptional determination. An STS exceptional program se~ 

process is used to determine which payloads qualify. In all cases, the NASA 

Administrator has final authority in the declslon. 

The non-DoD dedlcatecl users price is $71 mlllion in 1982 dollars in the period 

of fiscal years 1986 throu&h 1918. The DoD declicatecl users price is $n .8 million 

in 1913 dollars. This price is expected to rise to a value between 60 and 100 

mllllon for years past 1988. The launch cost for the Space Cruiser is estimated to 

be between $12 milllon and $2• milllon depending on· whether the length or the 

weight criteria are used and whether the non-DoD or the DoD rates apply. M we 

have indicated there are other factors which cannot be determined at !his time. 

These may raise or lower the cost. Note that if two or three Space Cruisers are 

transported in the same length of bay then the cost per Space Cruiser is reduced · 

substantially, at least from the length criterion to that of the weight criterion • 

The purchase price of a MX booster as a . LV is expected to be between $3-' 

million and $12 million in current dolJars depending upon production quantity. The 

lower figure corresponds to a veey large production quantity and must be 

considered very unlikely. Perhaps the only case in which such a large buy would 

obtain would be one wMre the SDI were to use the MX booster as a LV for orbitlns 

a large network of low altitude satellites. 

Advantage!. of the Orbiter as a LV include its capacity for: carryins an 

additional pilot for the Cruiser, carryins large amounts of additional propellant in 
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Cruiser.extemal type tanks and in carrying·payloads for the Cruiser. The potential 

launch cost savinp and the on-demand and inclination flexibUitles are advantages 

of the MX booster. Coordinated launch of two boosters, one with the Cruiser as a 

payload and the other with Cruiser payload or propellant may preserve launch 

flexibility while increasing mission flexibWty through additional payload or propel­

lant. Rendezvous and doc:k1ng would be required. Clearly there are numerous 

options possible for use of the MX booster in individual and multiple launches and . 

in combination with the Shuttle. At this point it seems evident that the MX 

booster stack is a viable cost-effective candidate as a LV in the Space Cruiser 

system. Many questions arise with respect to the adaptation and cost of the MX 

booster system as a LV for the Space Cruiser. For· example: Should strap-on 

motors be used to increase its payload capability to orbit? What are the 

implications of man-rating the LV? How much weight is· required to attach the 

Cruiser to the LV? Can the high<ost ICBM guidance system be replaced with a 

sim~le, low-cost system? Can the Space Cruiser's guidance system substitute .for 

the· LV guidance system? What are the costs and sharing of the launch operatiOns, 

facilities and -equipment? Discussions with industry during· the study indicated that 

the MX booster shouJd be conSidered • 

Launch services, but not Orbiter launch costs were considered in the costing 

information of a Centaur launch vehicle. The Centaur "G" was estimated to cost 

$32M (1984$) and the Centaur-SP, with a single RL-10 engine, was estimated to 

cost $27M (1984$). In some cases the Centaur would be reCovered. 

. ~ Parafoll CostinB Estimates 

Atmospheric drops of a "boiler-plate" Space Cruiser by helicopter would cost 

approximately $2.50K (1984$) for five drops at the Pasa Robles test range in · 

California. To conduct the tests at a mill~ test range would cost as much as 
$'00K ( 1984$). 

Ll REFERENCE cosrs 
1.3.1 X-1' Propam Costs (References 10 and 11) 

Although the X-1' Progr-cam occurred 20 years ago, the similarity of that 

program to the proposed Space Cruiser Rc!cD program makes it more directly 

comparable than any other program. Both are manned vehicles with redtmdant/ 

emergency systems and are relatively small airframes. A total of 27 X-1' flights 

were flown in 1961f at an average cost of $602K (19611$). This is equivalent to 
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$1,906,174 in 1984 dollars. Table D reflects the initial X-1' Prop-am casts that 

· have been inflated from 19A to 1 9R do.llars. As noted earner in this costing 

disc:uaion, several of the X-1' subsystems are not appllc:ab1e to the design of the 

Space Cruiser. Table m projects a cost per pound Ocllosram) of selected X-1.5 

systems. Note that the Space Cruiser is approximately one half the length of the 

X-1' and has a dry weight of approximately one-third the dry weight of the X-1'· 

1.3.2 ~ Relean:h Vehicle (SLRV) Procram Costs 

A cost-benefits analysis of the SLRV concept technology development plaming 

was conducted by NASA usin& two dasses of vehicle. The primary difference 

between the two programs depicted in TABLE IV is the Navigation, Guidance and 

Control Subsystems of the SLRV. The SLR V's are smaller than the Space Cruiser 

and are unmanned (Reference 12). 

1.3.3 11aneuwrin1 ReelaiiJ Researdl Vehicle (MRRV) l'rop'am Casts 

Preliminary MRR V llftin&-body research vehicle cost estimates were ~~l­

oped for acquisition and five years of· operatioraal costs. Historical data from the 

X-1' and HlMAT prosrams were the basis for the. angineering labOr costs shown in 

TABLE V. Manufacturing hours were based on boors per pound for each type of 

construction. The MRRV is comparable to the Space Cruiser in lqth and weight 

but is unmanned and has a substantially. more complicated, flat-bottomed winged 

llftin& body shape (Reference 13). 

..,_. Trwasatanospherlc Vehicle (TAY) Propam Costs 

Life Cycle Cost (LCC) estimate for the T AV were generated by vehicle 

contractors based on the following scenario: 

o 199' Initial Operatifts Capability (IOC) 

o SO vehicle fleet 

o 199,-211' (20 year) operational period 

o 100 flights per year 

0 10 bases 

0 1983 dollars 

The TAV is a large lifting-body reentry vehicle and is launched with its own 

launch vehide. The T A V's require technology advances, are very large in 

comparison with the Space Crui!er and are manned. Due to the large uncertainties 

of the· vehicle concept definition, at this· early stage in the program the cost 

estimates of the PfOI"'~ (exchading payloads) varied greatly as follows: 
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ooTaE 
Vehicle Production ct Pacillties 

OperatiOns 

(Cost per flight = 
Total LCC 

13$ 
$'-1-'B 

~.OS 

$10-308 

$'-1'M 
S.0-108 

These data were provided from Reference 14. 

A$ 
$,.1_1,.28 

$2, .... .0.78 

$10.2-30 • .58 

'·1-1,.28) 

$40.7-81.38 

U COST SUIIIIARY 
Cost avoidance can be realized relative to other vehicle concepts in the Spik..--e 

Cruiser R&D program because subsystems normally used with vehicles are not 

_ required and because off-of-the-shelf subsystems and components can be used. The 
cost estimates reviewed in the survey and study evaluations are quite different due 

to the size of programs evaluated and coitina methodolOSY used. The T AV study 

conc:luded that a uniform cost analysis must be established for cletermlning the cost 

of the T A V's because there were so many uncertainties in cost data generated by the 

conttactors at this early staae of TAV definition. Vehicle and cancept data were 

shown to be needed in conjunction with histori~ costs of spaceplane prop"ams in 

generating a uniform comparison of T AV concepts and configuration types. It would 

seem appropriate to .. 1pt to cost out the Space Cruiser with the resultant 

uniform procedure for a relative measur8 of cost with the T AV. 

Because the X-1' was the last comparable manned vehicle program, mo:e 

credence has been given to the historical development and operational costs of that 

program. The cost per f1i8ht of 'Z1 X-1' flights cost was $602K (1964$) which is · 

$1,907K in 1984 dollars. Considerin& the X-1' subsystems that are not required and 

the off-of-the-shelf subsystems and equipment that · can be used in the Space 

Cruiser, the figure of $2M per Space Cruiser flight plus launch vehicle costs obtains. 

Unlike the X-15 program the Space Cruiser would carry payloads internally and 

externally, has endurance, goes to orbit and can provide on-orbit services to 

satellites and its payloads. Therefore, the benefits, cost-sharing and reimburse­

ments should be inCluded wh-"'n available iii determining tt.e net cost as the true cost 

of acquisition and operations. 
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TABLED -INITIAL X-1' PROGIIAII COSI'S 

(Reference 10) 

Airframe-

Development and flight tests 

]airframes 

Subtotal 

En&ine-
Development 

10 rocket engines 

Subtotal 

Aircraft systems -

Auxlllary power units 

Inertial fll&ht data systems 

Adaptive control systems 

F1ow~ection sensor (ball nose) 

Pressure sul-:s 
Subtotal 

Aerospace ground equip~t (AGE) and 

peripheral equipment -

Launch pletfonn (modify two B-S2 airplanes) 

Airframe AGE and spares 

Engine AGE and spares 

Syr.tems spares 

Propulsion system test stand 

Monitoring station construction 

Mission control 

Subtotal 

Total 

71 

Cost, millions 
of dollars 

~ A_$ 

t9.90 1SI.06 
23.,1 71f •• 7 
73.t1 232.,3 

t3.79 131.71 
10.01f 31.10 
S3.13 170.,1 

2.70 '·'' 3.lf0 10.77 
2.30 7.29 

.60 . 1.90 

.IS .•a 
9.1, 28.91 

3.26 10.33 
6.70 21.22 
4.06 12.16 
.10 .32 
•• 1 1.30 

s.81 18 • .0 

6.07 19.22 
26.1fl 83.66 

162.80 S1S.68 

Percentage 
of total 

., 

33 

6 

16 

100 
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TABLI!m 

UNIT COSTS PI!R POUND (KILOGRAM) OP SI!LI!CTI!D X-1' SY3TI!MS 

{IF'Itlal procurement) 

(Reference 1 0) Total cost, No. of·· Unit empty Cost per pound 
mllllons units wel&ht, pounds (kllosram), dollars 

(kllosrams) 

61f$ 84$ 64$ 84$ 

X-1' airframe 73.111 232.,3 3 • 12,6'0 ,,,740) 1,930 (4,260) 6,113 (13,1f91f) 
en11.- ,3.83 170.,1 10 91' (lf1') ,,900 (12,970) 18,689 (lfl,OI3) 
Stabl!ltr auamentatlon ay•tem · 1.1f0 ,.,,, 4 '' (29) ,,.oo (12,069) 17,10' (31,229) 
Inertial fllaht ~~" ay.atem ).40 10.77 6 120 ,,,.) lf,700 (10,-'00) 14,888 (33,2,9) 
Auxiliary power unl t 2.70 8.,, 16 ,, (20) 3,7,0 (l,lf38) 11,878 (26, 728) 
Plow-dlrec-•lon ·aenaor .60 1.90 ' 71 ,,,, 1,300 (2,1,7) Ifill (9,0,0) 
B-'2 airplane 62.02 ,,,,,, 2 177,~0 (10,,00) 170 ,,.,) ,,. (1,220) 
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TAILEIV 

TYPICAL SLaY~ PIIOQINI COS IS 

AND WORK .IAICDOWII DISD8IIIDIIS 

SLRV8a11istic: 

Tasks Test Vehicle 

Propm Manqement -SyStem £n&ineerin& 10. 

Subsystem DeYelopment 

ShieldiStructwe SIS z•w. 
Separation SIS ,.. 
Recovery SIS , .. 
NG&S SIS 7CJft 

EP&D II:C SIS 1'" 
Specialty S/S Elements 7CJ6 

Assembly and Integration 996 

System Test Programs 796 

AGE/TSE ..!" 
Total Cost: l9SO $ $20 - 24M 

1984 $ $2' - 30M 

(Reference 12) 

Acronyms: 

SIS Sub-System 

NG&C • 

EPctD 

I etC 

Navigation, Guidance & Control Subsystem 

Electrical Power ct Distribution Subsystem 

Instrumentation ct Commuiucation Subsystem 

73 

SLRVIIMeunrinl 

Test Vehicle 

,.. 
1,.. 

124)6 

lCJI 

3CJ6 

2696 

114)6 ... 
796 

'" _!CJ6 

$46- ''M 
$57- 69M 



TABLE V 

IIRRV PROGRAM COST ESTIMATES 

fatgory Cost in Dollars 

ru !U 

En&ineering 21 ,,99,000 29,730,213 

Tooling labor 8,,,2,000 11,7.3,971 

Manufacturing labor 10,,",000 1.,,29,931 

Material (cost in dollars): . ,,242,000 7 ,21,,lf16 

Manufacturi"g 1,2h,600 1,_761,~ 

Tooling 1,493,.500 2,0,,,7.7 

Subsystems 1,690,000 2,326,222 

Engineering 779,200 - 1 ,07~,,-.o 

Propulsion. system 347,000 .. 7,632 

Subtotal acquisition a 46,276,000 63,697,171 

Operational and support cost(' years) ,,,612,000 49,018,,12 

Total program cost (two vehicles) s 81,881,000 s 112,71,,760 

a Acquisition cost based on X-l,.and HIMAT data 

(Ref--renee 13) 
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9.0 CONCLUSIONS 

This section summarizes the major conclusions resulting from the study: 

-'~ 
.r 1. Given the high cost of space vehicles and operations and the limitations on funding, a 

~ ... 
I • 

1\i. 

~ ..... 

prospective research vehicle must serve a broad range of beneficiaries and perform 

cost-effectively over a wide Sc:ope of research and tt:ehnologies. 

2. The national survey evidenced a broad range of beneficiaries which could benefit 

from use of the research vehicle. It also evidenced the broad scope and depth of 

research and technolOSY tasks of interest to those surveyed. The key question 

remair.L~g is the cost effectiveness to the researcher of pe~~orming the tasks. 

3. The number of proposed operational applications sugested by survey respondents 

suggests that there will be an evolution of the Space Cruiser from a research vehl~le 

into an operational vehicle with numerous military applications. 

4. Smallness of size and weight coupled with the optimalization of energy management 

are the overall design SPecifications for the Space Cruiser concept •. LID must be 

traded-off with low vehicular weight, mass ratio, launch performance, low drag for 

minimization of velocity loss during low-lift flight phases, etc. The Space Cruiser 

configuration is responsive to this system performance evaluation approach. It is 

capable of full-envelope cislunar, transatmospheric and endoatmospheric flight with 

the maximum payload-velocity map. 

_ s. The STAR program would provide research and technology support to the Shuttle, 

L. :--: future manned space vehicles, future unmanned space vehicles, future transat-r:-:. 

..... 
:~ . . . . . 

mospheric vehicles and hypersonic vehicles. 

6. The development of a man-rated launch vehicle from the MX booster stack would 

provide significant operational advantages in terms of responsiveness and autonomy • 

1S 

. -~ .... : 
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7. The near-term air-launched LV concept based on the use of ntan and RL-10 engines 

and dropping from the 7•7-200F would potentially be the most flexible and cost­

effective launch system. The associated use of stage-stations appears especially 

cost-effective and may provide a source of income. 

8. The Air Force Aerospace Medical Division has s~ted a need for a Space Cruiser type 

vehicle for carrying out its military man-in-space responsibilities. 

9. The Space Cruiser system will meet needs of the Strategic Defense Initiative in 

terms of on-orbit utility and research support. 

10. A test concept is sugestecl for evaluation in which the Cruiser would perform one or 

more endoatmospheric passes from the Orbiter, with return to the Orbiter for 

inspection before full reentry and landing. 

11. The potential exists for using the standard or a special-purpose Parafoil instead of · 

the vehicular body for plane changing. U feasible, the energ management gains 

. would be dramatic and the Space Cruiser could be used to perform the ·Parafoil plane­

changing research. 

12. Cost-sharing space system development and operations is becoming the economic and 

political standard. Therefore, the potential exists for dramatic reduction in Air 

Force fUnding required for acquisition and use of the research spaceplane. 

Commercial application of the Space Cruiser raises the possibility of low or no-cost 

development in terms of funding of contractors. 

13. NASA has no plans to build a Space Cruiser type vehicle •. 
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10.0 RECOMIIENDATIONS 

As a result of the STAR study the following recommendations are made: 

1. It is recommended that the Air Force consider the need for the STAR research 

vehicle thoroup1y. This consideration should include the evaluation of the potential 

for dramatic reduction in Air Force funclins required for acquisition and use of the 

Space Cruiser as a result of cost-sharins • 

2. It is recommended that a balanced, technical joint DARPA/ Air Force/Industry 

worklnslf'OUP be cqanized by the Air Force to specify thie key technical questions of 

and the key needs for the research vehide. 

3. It is recomtnended that the Strateslc Air Command and the Space Command examine 

the operations capabWties of the fu11-envelope STAR Space Cruiser and its enablinl 
of operational requirements. 

4. From a technical development point of view there are several concepts introduced by 

the study that appear to warrant funher work. Recommended are: 

(a) The air launched launch vehide concept for launch from under the 747-200F. 

(b) The distributed, stase-station concept. 

(c) The use of the Parafoil type deployable surface for maneuverins in the upper 

atmosphere at entry speeds. This work should include analysis of flyin& to the 

sround with the Par&foU. 

'· Examination of rnan-ratins and adaptin& the MX booster as a launch vehide is 

recommended. Law\ch sites, support and cost should be included. 

6. It is recommended that fundin& for the Space Cruiser and STAR concept development 

be continued until the consideration of the STAR research prosram has resulted 1n a 

decision to move ahead or end the project. It is recommended further ~tone or 

more major system manufacturers be funded to detail the Space Cruiser and STAR 

propm work to provide development and operational schedules and costs. 

n 
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APPENDIX B 

SURVEY LEI IER AND SAMPLE RI!PLII!S 

This Appendix contains the DCS Corporation survey letter with attachments and 

copies of sugested tasks submitted by four different corporations in response to the 

survey letter •. 

1be responses included herein were selected on the basis of bein& more complete 

and detailed and also on the basis of presentina the most reallstlc and prom1s1ns of the 

tasks. Responses suaestin& tasks for each of the three broad cateaories of tasks were 
selecteda The Air Force Aerospace Medical Dlvlslon and LTV Aerospace and Defense 

Company recommended tasks tlt.at could be accompUshecl by the Space Cruiser; the 

Aerojet TechSyst:ems Company sugested projects that should be accomplished for ~ 

development of the Space Cruiser; and the Emerson Electric Company and Ball Aerospace 

Systems Division recommended operational applications of the Space Cruiser. 1bese 

letter responses and their sugested tasks· are also L~luded in this cappendix. 
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~ ° CORPORATION lOSS N. f~irfu Screet • Alexandria, Vqinia 22314 • (703) 683-8~ 

Mr. G. L. Sayre . 
Ball AerospKe SysterM Division 
Box 1062 
Industrial Park 
Boulder' co 10306 

Dear Mr. Sayre: 

Ow Spaceplane Technolog and Research (STAR) ~ c:antract, sponsored by me 
Defense Advanced Research PrOjects Aptrt:.y (DARPA), requires DCS Corparation m 
search far potential research and technolog tulcs suited to KCOmplishment by a new 
aeneric type of manned aircraft (lpacepline) termed the "SpM:e erws. .• Please 
interpret this letter u a recpat far Information, at no cast, helpful tD the Gcwernment 
in determinin& the scope, utWty and value cd the Space Cruiser as a research aircraft. 

The 
0 -'Space Cruiser system iS C:anfl&wed far efficient manned and wunanned 

encloatmospheric, transatmospheric, earth arbit and cislunar operations. 0 The small size 
and low wei&ht of the clean aircraft asswe that it need only occupy a small portion of the 
volume and wei&M-carryift& capabWty of the ShuttJels OrbiW and that its cast-to-orbit 
wW be the minimum. It can allo be la&n:hed by expendabJe la&mch vehlc:lel such u the 
MX booster stack. ~!lon of external propellant tanks ar a propuk=.an module such as 
the wide-body Cenww (less avianics) reats in payload-veJoc~.~ envelopes compatible 
•arith aeosynchronous and dslw. operations ar substantial orbital altitude chanps of 
larp external payloads. 

Research, development and technolog taiiCI can be dane in vehicular systems Mel 
subsystems; hypersonic f11&ht up throuah entry speeds, aerobrakiniJ atmospheric and spKe 
environmental phenornena; s.-:e operatl ... , manqement and c:antrol; etc. The Space 
Cruiser can carry modest sbe tnt.nal ,.,-. and esentlally W\11mlted external 
payloads. a-rch on paylaMI and paylald .,._pstics with the manned veh1c:le md 
extra-vehicular Ktlvity may twn out to be the most encb'in& and beneflclal cateaary of 
tu1cs far the STAR proaram. Fwtt.r, .,..,.._. experience and evaluat1on of mWury 
man-in-space in the small. omnl-misllan ....,..,. lhould provide the •aswen required 
prier to majar system acquisltlan of ml11QrJ ..-:e Wlh1des and complement the ....,.s 
bein& obtained from the Shmle prosram far the lara•, iopstic and space-stadan type 
vehicles. 

In short, we are requestin& specific research, deveJoprnent and technolo&Y 1alk 
descriptions that you believe to be of value and suited to the Space Cruiser atid/« iu 
payloads. 

ANEQUAL~TUNnYEMPLOYER 
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The enclosure is provided as additional information that may be immediately helpful in 
·determininl your response and of assistanCe to those prepariftslhe information. Please 
note that the period for preparation and incorporation of the research, technoiOIJ and 
development task descriptions is quite short. 1be repre-.tatlve at DARPA is Lt. Col. 
lames N. AUburn (DARPA/TTO) and at the Headquarters Air Force Systems Command 
Lt. Col. Darryl VI. Smith (HqAFSC/XRB). 9lould yt:Nr or~ have any questions 
~dins this request for information, please call me ata (703) 613-8•30 office or 
(703),2'-333, residence. 

It is our hope that you wW find the prospect of the Space Cruiser as a research vehicle an 
excitins one and that your sugestions for its use wW add to its value in the national 
interest. 

Vert truly yours, 

~~~), 
Fred W. Recldlns, ~ • . 
STAR Project Manqer 

Assistant to the President for 
Concept Development 

Enclosure 

cca Lt. Col. lames N. AUburn 
Lt. Col. Darryl \V. Smith (Ct?R) 
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S,.ceplene TechnoJosy and Reaearch (STAR) request fw information 

Reguestinp Speci.~ research, technoJotiJ or ~ tallcl/experimenu for the 

5pKe Cruiser u a resa.~ aircraft. 

R.,._s redplentll ~ of Mr.,.ce incilsUy, from CDmpal1illd to major 

., • ._. rnanufK:urersJ private and Cicwernment llbora--. ndlltary services; 

depa anent of Defense Apnc1eiJ NASAl coiiiii*'Cial. 

Requestor: DCS Corporation, lOJ' N. Fairfax Sueet, AJeandria, Vtrpnia 2231• 

Attentiona. P~ W. Reclclinlt lr., Phanea (703) 83-l.lOI c:antract IIDM03 M ~17. 

R!P!• elate~ Mail two weeks flam recelYiftl this reque& If additional time ne1111d, 

please notify the,.......... 

R!!pC!!!! farmaa ln!orm&l. No prapri8WJ 1ldonnaliaft at 1his dme. 

respa~• pre!....._ 

refer•w=e ma...W wW be ...,...cia-.1. 

_.;i~;1~, ·tS l.~ : .. ~.~ ~--=-·-~ --::-:.··=-~ =··-:. ~=--~~-:~ --~~:~~;~;;;;;-~~~~-~~~~-~ :·-::·~~ ~-:~~~~--·:·-·----- ----~-:.,-... · ... ·:·_-:·'· ·.· .•.. -... -,,.-:.-... · .. 
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111 •ftc STAR-* inforraatian _.. • .. adl• ... Ul'ldllst&ii&llinl and .. of me resultlns 

... 
~: The _,.. ._....is .......... llr ita brewlQ. It lipi&es anr experiment, project, 

~ Ol*&don, eiC. tD be MX~ In, wi1b. cw bf tba STAll t ••melt wldc:le. 
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.. · . . . ... . . 
~·-.•. 

"';"' 
•"' .· .. · 
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~ ar inte&rate tu1cs and to l*fol•• u ....., tallca,.. tDIM u pnctlcable. Thel'e 

is r"'Orn tar Md we are 1ooldna far the ....u.r talb a well as thelarpr ones. 

,t!ame of !!p!rimenta 

Jm! 
1. Orpnizatlaru 

(Compmy, Laboratory, Aaenc:y, etc.) 

2. Principallnvesdpton 

l. Liaison office or prnona (If ~t from Prfncjpa1 Jnvesti&ator) 

•· Beneflciary cateaories (!'leue identify tl-. to Mnefh the mast ) 

Industry Sciilnca . 
-Commercial - TecllnDio&Y 
-Labar& - Alraaft 
- tDry -IIUltary Spec., 1 .... 
- CioverruMnt -Sa .... 
- .... ,.tianal = 5pece Statian 
- tn.nnllnvestars _ Otlwr ¥ehJdes 

==Other-
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'· Brief tu1c descriptlona . 
(Then please include complete description as Item 13) 

6. Kf!!Yresultscles1recb 

7. Potential value/benefits: 

L Schedule estimates 
(Start/completion/Key phases/Number of fll&hts/Schedule sensitivity/etc.) 

9. Task-subject catesori• 
(Please identify those relevant and clarify where helpful) 

Man-ln.-ce 
Internal payloads 
E.xterna1 payloads 
Vehlcu1ar sys~em/subsystem/components 
Controla/cllsplays 
Life support 
Aerothermodynamics 
Materlals 
Structures 
S,.ce operatlans 
Fll&ht support 

. F11&M cantrol/CC)mmand 
Launch 
Recovery· 

· Pt.nomenolo&J 
Other.-

10. Flilht proflle or parameters cilrinl the ~lm~tl 

11. Any critical or unusual llancll1ftl/~ requlrem~tsa 

12. Comments relative to •lnl ta* without the 5T AR reRarCh vehldel (I.e. by other 
m~ . 

13. T .. Descrlptlan: 

0 Informal 

0 

0 

0 

0 

Redpl•t's format 

Attacheci or ..,..ate 

Where helpful, note what ls firm, potential, estbMted, ..-..,. ~ · 

What, why, how, where, wt.n 
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SPACE CRUISER DESCRJPnON 

GENERAL DESIGN GOALS 

o Minimum weight and volume ••• Optimizes the research vehicle's payload and velocity 
to orbit during the launch phase. Maximizes the available payload-velocity and 
permits reduction in transit time during maneuvers. 

o Modular system... External carry of payload, propel12nt, stages, llfe support 
consumables, support e~pment and sidecars. Ground and on-orbit replacement of 
the nose section with its internal power supply and the primary payload bay. 

o Synergistic-maneuverable ••• The h1&h velocity required for a substantial plane 
change in low earth orbit results in h1&h pay-off for llfting-turn plane chaft&e 
followed by propelled return to orbital fll&ht. 

o Launch options-· Shuttle; air and ground launched expendable launch vehicles, 
future reusable launch vehicles. 

o AUstere-site landing... Capability to land at unprepared sites,. helicopter-suitable 
areas; etc. 

o Unmanned mode... Rescue, hi&h-risk fli&hts, cache on-orbit and hl&h-s 
endoatmospheric flights. -

o State-of-the-Art... Accomplish the above within the_ state-of-the-art and where 
practical, using developed or under development hardware. · · · 

o Minimize cost- S:nall vehicle, reusable, rapid tum-arcM.ftl,. m~um pay~ per : 
flight, maximum maneuverablllty, minimum 1aunch cost, austere control " and 
recovery support, state-of-the an. .. .. _ . 

o Launch and forget/llsten- ~mous option with respect to &round operations. 

o Cislunar operations-. Go where the sateWtes are-~ ~ p. In velodtY.:~~ ~ 
orbital altitudes comparable to the lunar c11stance result from velocities c:1ole ·to 
those for attaining synchronous altitude. 1his capabWty would b_e phased wi~ the 
Centaur upper stage prosram. 

B-8 
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DESCRIPnON COMMENTS 

The foUowinl comments may be helpful in understancfin& the Space Cruiser. The 
nose section cantaininl the forward payload bay, ballast and power batteries extends in 
space to expose the forward reKtlan control nozzles for firift&. No nozzles are located 1n 
the thermal protection structure (TPS) with this approach. The nose can be removed and 
replaced while in its extended position.· After full extension the nose can fold aft 
atonsslde and is snubbed near the nosetlp whlle in the folded position. After the nose is 
folded, an elephant stand or similar ·ll&ht wei&ht structure can be attached to the forward 
bulkhead or rin& to attach the external payloads. . 

The pilot is seated at the aft, end in a seat or couch which can be raised until the 
pilot's head is outboard, similar to an open-cockpit aircraft. In the raised position the 
pilot can view the external payload. Also, the pilot can view the forward payload bay 
contents when the top panel or door is open. There are two payload bays, one in the nose 
section and the other in the aft end within the Plus-cluster-eftllne (PC!) nozzles. 

Landin& is by controUable llftlna parachute or "ParafoU". The pcrafoilis deployed 
from near the vehide's center of aravity after deployment of a deceleration drape from 
the PC! plua volume. After deployment and cb'eeflna of tne liftina paractute the 
Cruiser assumes a fk)rizontal attitude for fB&ht to the &round. 

A llftln& aerobralce can be located in the aft payload bay for atmospheric entry and 
aerobrak1na with otherwise excessive entry speeds. The llftlnl aerobrake is reusable. 

An I psi EMU or spacesuit, under development, 1s planned. This suit ellmlnates me:··. 
requirement for prebreathln& before fll&h1. The portable llfe support bide pack 1s 
detachable .before launch and after landlni· EVA does not include an umbiUcaL Pall · · 
operational/fall-safe deslp criteria are used for environmental· control and Ufe ...,art. ._ 
Pumped fluid coolants are used with coldplates ·tor heat transfer from the heat saun:e to 
hardware such as avionlc:s. A helmet mounted, internal vlnual-lmaie display Is prcwlcled. 
Voice control of and thf'OUih the computer Is plannecL An autonomous optical naYiptor 
with .ccuracy s1m1lar to the GPS is planned. R1n& Ia.- gro 1nertla1 platforms are Ul8d 
in the pldance Md navlptian system. Monopropellant-clrlven auxiUary power· units 
(APU's).,.. provl*d and Jntearated with the recharpable power battery. The aln:raft ls 
all-electric, with no hydraullc:s. 

The PCE has 16 nozzles with indepel~ on-off control for thrust vector and thfuat· 
rnapltude control, eJlmlnatlna 8dUa1Drl.· 

The propellants are nltropn tetroxide as the oxidizer and a proprietary amine blend 
for fuel. The fuel is also UleCI as the ~mo1.apropellant in the_APU's. The PCE.nozzles ve · 
fUm-coolecL .The attitude cantrolays- hu nozzt•' mounted at the nose fold and with 
the PC2 to provide sbc-clelfee of-freecbn attitude and translation controL Momentum 
wheell are provided for fine attitude controL· A. mercury trim control system 1s·1ncluded 
for real-tim~, on-orbit CG trim. Trim Is important for reentry stability. It is expected 
that outboard propellant tanks wW be saddle-mounted to protect the TPS. 

The Centaur upper stqe is used • the external cryosenlc propulslon module or 
stqe. The wlde-bady Centaur could be mod1fled by repJadn8 the two RL-10 enpnes with 
a sln&l• RL-10 Derivative DB enpne. For ovenpeed reentry with the Centaur a 11ft1ns 
aerobrake would be attached to the aft end of the Centaur. 
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STAR VErCCLE REPRESENTATIVE SPECIFICAUQt'_S~_-· 
• • • • • • • • •• ~ • .... ""' • 0 ... • •• • • ... 

Conical• Cone-EW~• 
(Where Different) 

Velocity with internal propellants .000 fps. 1000 fps 
V elodty with cryosen.Jc propulsion ~fps 
Total velocity (stqes) without payload 29000fps 
Payload to &eosynchronous orbit 10000-12000 Ibm 
Velocity to payload of 160,000 Ibm 3700 fps 

(with Centaur propulsion module) 

Endurance with internal consumables 2' hr 
Endurance with external consumables days to weeks 

·Number of aircraft per Orbiter bry 
with internal propellant a max. 
with Centaur cryoaenic propulsion module 1 

Launch options 
Shuttle 
MX booster 
Aircraft launch 
Others possible 

Recovery 
ParafoU flyina parachute 
Unprepared site 
Hellcopter-compatlble site 

Turnaround time SlmUar to Hl&h 
P•formance Aircraft 

Crew 
Pilot PUot + 1 crew (option 
Mul·tipl~l':" sidecars in space ~propellant off-loacl) 

4000 Ibm 
,.!bm 
6300 Ibm toaoo·lbm 

Payload bay volwnes 
Nose bay 22dla X 1J.2clla X''·' lqth 6 cubic ft. Adds~ 20 Cubic ft. 
AFT bay 'cubic ft. option abGUt the ·cc 

Vehicle lenatfl 26ft. 

•Refers to the 1enera1 confipration of the STAR vehicle selection to be made later. Ellipse 
to the cross section Shape of the vehicle. 
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DEPARTMENT OF THE AIR FORCE 
HCAOGUA~IIIS ac~acc MCCCAI. DIVISION lA~ 

II!II'MICII AI. ~K IIAM. TI:J!A~ '11!~~t! 

Mr Pncl W. ledcliq, .Jr 
STAR Project Maaaaer 
DCS Corporation 
lOSS N. Pairfu Street 
Aleundria, VlraiDia 22314 

Dear ~ leclcliaa . 

tiA'f-

'lhaDk you for . the lafomatloa 1011 focwarclecl to • cooc:end.aa the Space Cniaer 
aa a reaurc:b vehicle. llJ laitial re.poue 1a - let"• a•t lt flJilll! !be one 
uaaina liak w aov bave la the apace liD uu la a vehicle apecificallJ cle­
slpecl to clo 1160. T'le Sbatt le la be1aa urbtecl u aa opent1oaal ayat•, &ad 
rlahtlJ ao. Aa such, bovaYer, aay •D, at ·1-t ia b1otec:lmoJ.oa1 anaa, la 
aivea a aecoadary priority. Depa~c of Defeaee Space b1otecbaol011 16D 
beco.ea even a lo .. r priority aubaat of tbe ayac ... 

'rbe Aaroapac:a lfeclic:al. Dlriaioa (MID) 1lu Maa taakacl by Hftnl clinct1vea to 
aplore the a111tary ut1Uty of MD-ta-.paca ad aploit _,a Uldq• capab1-
liti .. ia eDballciaa a111tary a,.c• QIIC-. v. baw COIIMCI.adJ clneloped 
a IUlitar,. Space 11oteclmol01J liD pnar• wldc:h COYen aplontory· .aad 
aclvaacecl clnelopMat areu. We ha~ .... canful to keep oar pnana cloaelJ 
coorcliaatacl with the RASA Life Scieacu liD pnar• 1a orclar to avo14 ndU.-. 
claDcJill area of c..oa lacsnac. V. baw clnelo~ Mftnl·..._ per­
foruace esperiaeota 11b1ch require All orbital platfon aad hne tbenfon 
att..,cecl to cap l~ato the liSA •J•C.. for.Sbaccle fl1ahta. !b1a baa·beea 
frouaht with probU. of coortiaat1oa, cliffenacee la pr1odtU. aad· the fact 
that lWIA baa ita oVD 16D proaraa to cout•r. 'Die DOD baa .._. of a ftbicle 
vldch will provide a •""" orbital platfora for ~zplorlq _, 11111tary 
utilitJ ill orbit. UDl••• w (tbe DoD) an liftD the toola, • woa"t be able 
to cto our job. Ill orclar to do liD for - ia apace, w aeecl to be able to 
have free 16D acceaa to apace. 

Ill •1 eettUtion•· the Space Cruiaer fWa the Wll. We bave dlrectloa to do 
space BID, bat u Jet, w bave beaa clapr1ftd of the •ceeear, tool to clo ao. 
I • attach1q a brief deacriptioo of oar fi'OirG wbich cleul1 juatifiu the 
eaiateace of tbe craiaer. 

Pl-e keep ia touch aad appr1•• ua of ay Proaru• ill· tbe Space Cruiaer 
cleftloJIMDCe 

1 Atc:b 
Space liotecb Proar-
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MILITARY SPACE IIOTICRII)LOCY PROGIWt 

AEROSPACE MIDICAL DIVISIOR (AFSC) 

-------

Tile pco4acca of tbia p~oana ca .. II'O"IJP•• lato fo. ujoc cacepnea o~ 
tU.ca: recfomuce lffecca ... lecfomm:e ...._ ••• c vldcla an­
.aciWae 1aceacat1oa faact1o114l a.ena, ... ll.ocec .. fc•' Coaacan..._.., 
wiW:b ace ~n• pt"e~t1oa f~c~ coacana. 

Vitia ceapect co --.cldae Saceanu., eM oltjecelw la co ....._. 
-·• latepatioa 1aco aUitur .QUe .,.c.., •ca.. be 1te ai'Oallll .._. •~ apece MMcl• !U coutclecac1oa of - la tile .,.c. -c 1te bcocponcel ia 
tM iaitial cleatp •caa•• of cbe .,.c. foe opU.. •CWCJ of ·cbe •tl~•· 
a,.c.. .._ Jaataeuiq c....,ca .. c M -.1.,.. co ~ * 
pel'foaaaace of cbe 1Dteacac• u ucldae .,.ce.. !Ide· faccot •••••• . 
uU.al.J cd.cs.cat fo~ .U1CUJ .,.~ la 1lld.c1a c-nkt ·~c _, 1Ma 
a objecc1w, ad aat1oaa1 aec~cj tile a-1• · · · 

!be taYaacqats.oa of fecfonuce lffecca vU1 pn4aice a ..-cu~ Mea · 
•• oi t .. ·..n.c-cal effec:ca oa - u a coaccol·.,.~ ' ~taU. · 
co.pnetMa ill 1da oacpac f-t1- u a coauollac, ildolllileloa Jjo'illeo~ 
... Mcialoa --.c -c .. .-atifl .. to enl•te cbek .lliiMict •· tile 
ld11CUJ adaaioa. lila'• pedoarsme ~ca ... 111Rtc~Bjp .~ 1te 
..._Won -. .. ce ... optiul ......._, .. techtqaU ca u ....so,.. co 
..._.tile tiMlJ, dficiat c~ntl•doa of tlla·alaal•· · · . . .. 

!be t~c ·a..naabl.·hcfo~·-,e~· •'""•••t Ww. pn4 .. '­
•a•t••ctq -c• co .. , •-ua.a Pftfamrinee aboctceid•• 1lldcla tdalat 
co.pneUe tbe uaa1•· laliMuba c.cw.-a •t,. .~tnla, dlaplaJ8, 
ut1ftcta1 taceUJa- .... ocbu ,.cfo.- c1 eata~~•• <•••· Cdeopentoca) 
wl11 • ~--· u atl'iuk at =••· · .__ faecon ... c,.._C!C · 
~ ... .,.a. 1dl1 .......... co ....... -·· iacaUl eiiatnl .,.c.a <••I• •• aealac ia,.c ••--•)· · · 

Ia • ua pncacuoa facet., tile .. ~tlw 1a co ... --~-~ 
pnc . ..u. ... ..niftltilitJ t.a lila .ui~ .,... . .._. ~c ... 
pc..t~ acaw. c1aa apace eawinlliiic•Yo!Giic•'Jr laoat!Ja co -· 1Mit Cl6 ,nw.. of .wsctoe•l·ec~n •••••••W •••et.ftc•1 tr 1dtla • 
.SUCUJ .,.c. <•·•· ~J.Uacs... ·won res. a..plaJe, etc)._, a1eo M 
......... • ...... c of n18aac ••• tteal atecca Wl11 •t· ... 
~ 111 .....al Yec11ao10af .~...- ~I.J). 

A Clll•c co S..:..cipce •••••teal Uf- WSU •. •ldJ • ___.eoq ~ co pe•••-=• a .-cut.ale .. ca -.. of .-.solaate•l 
... Diaelou ... CO eM .Ui!i& ..... ~C Iuelie lioJAtsk CIIIR• 
.._ ._ to •t&'t~•-••• ~t·cs. ... .... , u.. .._ ... e.ct.ia co 
......... .., Ill&. ... ft2'. cliMe c ...... _, .. _ .... 18 -- J.l&1at 
of •••ctfte llilica, .Uat• ~ca. !Ida clata 1laae ia -CUI ill 
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orcl•r co ·c1eftl.op cocacenuaur•• ... to prlorltiae tbac cl..,elopaeat for cbe 
beat coac/Mafl: ncto. 

tile applicatl_. of the liotechalcal Co•teneaaarea thruac are obwioua. 
The coaatemuaur .. deweloped will be cleaip.. co eliaiute tbe e~aviro .. atal 
effect• .-acifl .. 1a tbe firac tbruac area. 11ae prMacta vU1 be cecba1qaea 
aacl/or barcl .. re 4e•laa.. to pre•eat poceatial 8111tar,p .taaioa co.proai .. 
c•~· ... ~ eaviro ... cal blo.ecl1cal effect•. aacl tberebJ aua-ac ua • • 
effect1Yeaeaa ta cbe ... poa ayac ... 
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Ltv_Aerospace.aod ~-~ 
•liCE "ES•OE""-
ACVANCIO ~ »tC ~'-'~o:Gt 

10 April 1984. 

Mr. Fred w. Redding, Jr. 
Star Project Manager 
Assistant to the President for 

Concept Development 
OCS Corporation 

· 1055 N. Fairfax Street 
Alexandria, Virginia 22314 

Dear Mr. Redding: 

Reference is made to your letter to Mr. Robert L. Ktrk dated 
'4 February 1984. pertaining to the subject of potential re­
search and ·technology tasks sutted for accc.plts'-t by the 
Space Cruiser. In response to your request we have suneyecl 
our organization and are forwarding the results to you tn 
accordance with the suggested fo~t. ·· 

I trust you will find these submissions useful and responsive 
to your needs. A' copy of your final report·, when available. 
would be greatly appreciated. 

Sincerely, 

F. w. Fenter 

Attact.ents 

L.,., APOPACE .-o Dlfi'EJIISI COWANY 'IIOUGM' ... LES "..a -'OVMCID ~ ~.,tSO'<i • aosr e•:a BO• ZZ!ac·. ~ :'IUS ~~ 
rt~·z•••a.7SII 
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. STAR TASK DESCRiPTION. SUMMARY 

Ta5k.Title: Component Tests for Exoatmospher1c Electrgmoqnetfcally-

LaUnched (EML) Guided Projectile 

Vought Mfssfles and Advanced !'rograms Divfsfon 
Post Office Box 225907 · 
Dallas. Texas 75265 

Prindpal Investigator:.~~·D~r·~"~·~"M'-Iw~~~r~~~~~~~~~~~~~ 

Focal Point: Dr. C. H. Hafqbt 

Beneficiar,y Categories: (Please rank top five) 

Industry Scien-ce 
caa.rcfal I Technology 
Laborator,y Aircraft 

X Mtl1tar,y Spa~planes 

Government Satellites 
International Space Statf on-
Insurers/Investors Other Vehicles 
Other 

· Brief Task Oescr1ptfo~:~se include complete description on last page) 
. . 

Detenrfne ac~uracy gf suce-nnp fMI guided pmJpct11p -t1ng 

packaging an~ EMP/q-lqad bardfnfng design cr1tprfa 

Key Results Desfred=--------------------­
Yalidate EML gufciM projectile c~nt designs for pro.totyptng. 

~~~alV~~neMflts: __________________ ~ 

Extension of prelflrtnar,y ground-locattd demonstrator results, 

11•1ted by endoatmo5pherfc envfron.eftt, to·full scale valfdatfon. 

Applicable to boost-phase and ~d-course 8MD intercept. 



STAR TASK DESCRIPTION S.U~Y (cONT'O) 

Schedule Estimate: · 
.(~tart/Completion/Key Phases/Number of Flights/Schedule Sensitivity/etc.) 

Start Jgaztcom~1e+e 1gaa 

Phase I: Launch ~fmulition - Projectile Accuracy 
. . 

Phase II: EM Launch-Projectile AccuracY 

Four Flight "fnimum/SDI Schedule Sensitivity 

Task Subject Categories: (Please identify those relavant and clarify where 
helpful) 

.:....___ ·Man in space 
_J_ Internal pQloads 

Structures 
Space operations 
Fl f ght support_ X External Payloads · 

Vehicular system/subsystem( _Flight control/command 
components 
Controls/displays 
L 1 fe Support . 
Aerothermodynamf cs 
Materials 

Launch 
Recovery 
Phenamenolo2Y 

_jgl_ Other 

Category elaborated fn·Space Qefense In1t1at1yes CSDJl Program 

Flight Profile or Parameters During the Experiments: __________ _ 

To be determined · 

Any Critical or Unusual Handling/Support Requirements: ________ _ 

Phase I - Projectile Launch Ycloctty capabflfttes 

Phase II - EMP effect on Space Crytser tqmpqnents 

Comments Relative to Doing Task Wtthout the STAR Research Vehicle: ----
High Cost for Shuttle or alterntt'l tor ya11dat1on tests 
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STAR TASK DESCRIPTION SUMMARY (COt:T'D) 

TASK DESCRIPTION: (Please include a problem statement, objective(s) and a 
recommended approach) 

Phase 1: Layncb Sirylation- PrgfeGt1Je Accuracx 

Impart ye)gc;fty gf 6-8 ICJD!spc to pmje;t1le using spacecraft 

or auxiliary propulsion and utilize connand and homing Space 

Cruiser module to guide projectile to simulated battle space 

(up to 1000. Km rang~e.r..~) •:...-----------------

Phase I I; EM Launc;b - pmjert11e Accurarl' 

Ut111zt n11gun external paylMd with re.Jnadable s1ngle.s'"'' 

capabf] f ty and re-usahl p pcwr supp'Jc to 1 aeincl, pm~pctilt; S"b~act 

cgndft1~_ 

8-17 



STAR TASK DESCRIPTION SUMMARY 

Task Tftle: Ablative behavior of C/C (Ctrban/Carbonl noset1DS •ad 

projectiln 

Vought Missiles and Advanced Programs Division 
Post Office Box 225907 · 
Dallas, Texas 75265 

Principal Investfgator:~~~~~~~~~~'~·~Yo~l~k~(~~~~ru1~a~Js~l~·~,"~d~~~~~~~ 

Focal P~fnt: To be determined for re-entry 

Beneficiary Categories: (P1.ease r~nk top five) 

Industry .· 
__ . Coalnercfal 

Laboratory 
X Military 

Government 
International 
I~surers/Investors 
Other 

Science 
·X 1"echnology 

Aircraft 
Spaceplanes 
Sa~llites 

__ . Space Station 

J!jss1lts Other Vehicles 

Br1af Task Description:~!! include complete description oll_last page) 

Determine the ablative behavior and 1ts= effect; on trajectOQC far varinns 

carbon/ carbon CQIIP9S i te Mter1a1 s. 

Key Results Desired: Abi11iY to select the optf .. materials for VArious 

,.lllissiles. ranging fra. ICIMs to railgun projectiles. 

-Potential Value/Benefits: Ablative behavior cannot be fully si~latld bn 

earth. proof testing requires actual •issfle firings. Sheot1ng re-entry 

bodies fran a space vehf~le .auld be less costly. 



----- _______ ..., ..... -~n-.a•-.:-..-. ..... , • ..,. ___ ~------------.... --.. 
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STAR TASK DESCRIPTION SUMMARY (CONT •o) 

Schedule. Estimate: · 
(Start/Completion/Key Phases/Number of Flights/Schedule Sensitivity/etc.) 

·To· be determined, depends on n&.anber of re-entry bodies to be 

investigated. 

Task Subject Categories: (Please identify those relevant and clarify where · 
helpful) 

--

X -

Man in space 
Internal p~loads· 
External Payloads 
Vehicular system/subsystem/ 
components 
Controls/displ~s 

Life Support 
Aerothermodynami cs 

-1-. Materials 

Structures 
Space operations 
Fligh~ support 
Flight control/command 
Launch 
Recovery 
~henomenology 

Other 

Flight Profile or Parameters During the Experiments: ________ _ 

To be detenni ned 

~:j· Any Critical or Unusual Handling/Support Requirements: 
~ ---------------

No 

Conments Relative to Doing Task Without the .STAR Research Vehicle: ___ _ 

Could be done directly fraa shuttle orbiter 

8-19 



STAR TASK DESCRIPTION S~Y .\CONT'D) 

TASK DESCRIPTION: ·(Please include a problem statement, objective(s) and a 

recommended approach) 

Problem: The ablative behavior of missile nose tfps affects. the trajectorY 

and accuracy. Thfs beHavior cannot be fully evaluated on eartb arid requires 

expensive proof-testing throuf!missile fi'rings. Evaluation and opt1mtzatfgn 

of materials fs thus vety expensive. 

Objective: Evaluate the .ablative behavior and it's effect on tra;lectm fgr 

various carbon/carbon re-entry materials fn an inexpensive manner. 

Approach: Ffre re-entry nose tips from orbft to simulate dat,.W, tri:tjcion. · 

Select· ffrfng position !!' that fi!Pact fs an an easilY abserwcl" lind area. 

B-20 
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- --- --·-·- ------. ---- -··- ----·--- ----------

Task Ti:le: Scramjet Inlet and Combustion Phen<!!.e-.n_a __ _ 

Vou;ht ~issiles and ~d~anced Prc;r~=s Oivisicn 
Post Offic~ eo~ 225~07 
Oa11as, -Te:<as 75265 · 

Principal Investigator=~~T_B_O~~~~~~~~~~~~~~~~~~ 

Focal Point: ___ D_r_._c_.~s_._w_e_ll_s_/_Or_. __ J_._L_._P_o_r_te_r ______ ~---------------

Be··.1ficiary Cate!)ories: (Please ran~: top five) 

Industry 
Cor.::r.erci a 1 

Laboratory 
1 Hi 1 itary 

___ a___ Govern~ent 

International 
Insurers/Investors 
Other 

1 

2 

3 

4 

5 

S~i~nce 

Technolcgy 
Ai ~~c:ra.ft 

Sp\:~C;llancs 

Satellites 
Sp~ce Staticn 
Other '!chicles 

Brief Task Oescription:~ase include comolete descriotfon on last p~£LL__ . . 

Oetenmine limits of scramjet operation in rarefied atmospheres. 

Key Results Desired: Verification of scramjet capabilities at suborbital 

altitudes. 

Potential Value/Benefits: Low weight propulsion for STAR/TAV-tvoe veh"icles. 

8-21 
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Schec~le.Esti~~t~: · · 
(StJrt/Cc::-;ll et icn/::e:t Ph3ses/::c;.~~er of Fl: ~n:s/S'r.~~u I" S~ns i: ~ ·:~ ~::/~:c.) 

TBO 

Task Subject Categories_: 

- f·1an f n space 
Internal payloads 

--· EY.ternal Payloads 

(Please identify those rcle•l-lnt Jnd clJri fy ···•here. 
helpful) 

Structures 
Space operations 
Fl i~ht su~port 

-L- Vehicular system/su~syste~/ __!_ Fl i'ght contro 1/co::::~r.d 
components launch 
Controls/displays J\eCO'!Orj 
Life Support Phenorr.eno 1 ogy -_x_ Aerothe~odynamics Other 
Materials 

Flight Profile or Parameters During the ExperimentS: Altitude. Mach and 

fyel flgw rate. 

Any Critical or Unusual Handling/Support Requirements: Thrust balancing 

for external propulsion .system. In-flight fnstrtJDentation. 

Conments Relative to Doing Task Without the STAR Research Vehicle: ___ _ 

Existing propulsion test facilities cannot achieve required conditions. 

8-22 
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T~Sr. CESC~I~iio:;: (Please inclu~e a ~reolc~ stJt~~ent, c~;cc!iv~{s) Jnd ~ 

rec~~nded a~pro~ch) 

Prob: Effects cf rarefied gasdynamics at hypersonic speeds on inlet 

.and combustio~ stability and perfo~ance of a supersonic combustion 

nramjet" are not well known or understood. 

Def: Determine the 1 imits of Mo-Alt performance. 

Appr: Externally mounted scale prooulsion unit with manual controls. 

B-2.3 
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Task Title: t:avigation System Va 1 idation 

'lou;ht :·U ss i les and ,;d•1anced Progi· a::1s Oi vision 
Post Office ~ox 225307 
Dallas, Texas i5265 

Principal Investi~~tor:~T_B_O~~~~~~~~~~~~~~~~~~~ 

~ocal ?oint: ____ ~D~r~·~C~·~S~·~W-e~ll_s~/~O-r.~J~·~l~·-P~o~r-t~er~--~~--~----~---

Beneficiary Cate~orfes: (Please rani: top five) 

5 

1 

4 

Industry 
Cc:::mercial 
Laboratory 
Hilitary 
Govern~nt 

International 
Insurers/Investors 
Other 

2 

3 

Science 
Technology 
Aircraft 
Space::» lanes 
Satellites 
Space ~-~a.t.t on· 
Other Vehicles 

Brief Task Oescription:~ase include co~alete descriotion on last page) 
Utilize special equipment to provide a brassboard demonstration of thfs 

Vought-proprietary concept. 

Key Results Desired: Validation of the position and velocity determination 

of the vehicle. 

-
Potential Value/Benefits: ___ Im~p_r_o_v~~_lo~n~g~--r~~g~e_n_a_v~ig~a~t~io~"~·~~~------~ 
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Set~~~~~ Es:i=~:~: 
(Stlr:/Cc.~:Jic:ien/::e:l ~~.!SCS/~;~:':":cr 'J! rl ~·~~:s/Sct·~~:.ah~ S~r.~!: ~ :~ !~·/~::.) 

TBQ 

Task Subj~ct Categories: 

Han in space 
Internal ·payloads 
External Payloads 

(Ple:1se i<!~nti f·.l those r~le•1.1nt c1nd cl ~ri fy ~-thc!r~ 
helpful) 

Structures 
Space opcr~ t i en$ 

Flight· support 
__JL_ Vehicular system/subsyste~/ 

cctnponen ts 
X Fl iCJht contra 1/c:::=.:r~d 

launch 
X Controls/displays 

life Supf)ort 
Aerothenmodyna~ics 

t-1ateria 1 s 

Recovcr1 

Phenc:r.cno 1 O'J:/ 

Other 

Flight Profi 1 e or Parameters Ouri ng the Experiments :_ .... r .... s __ o -------

Any ~rftfcal or Unusual Handling/Support Requirements: __ N;;.;;;o.;.;.;ne--. _____ _ 

Ccmnents Relat1ve to Doing Task Without the STAR Research Vehicle:_·---­

Probably 10 times more costly for this particular gperfment tg dg it 

wftbgyt p11gt and eny1romnentally controlled stat1gn. 



..:··~ ·~·-·· .. =:.--:·· ... ·•·· ':. •.••.·:--·: , ......... , 

.,., •• ·.·'"~·' .., ......... lr& ........... ··'• \--·•• .. , 

T~S~ CES~~t~TtQ~: (Please incl~~~ ~ pr:~l~~ stJ:~~ent. ~~~~::iv~(s! ~nd J 

recc==ended a;?rc~ch) 

Approach: Provide validation of brassboard system thru multiple 

ground-track velocity-position determination. Alt: Use GPS if 

. available. 

B-26 



ELECTRONICS • SPACE DIVISION 
IMEASON B.ec:TRC CO. 

Mr. Fred w. Redding, Jr. 
DCS Corporation 
1055 H. Fairfax St. 
Alexandria, VA 22314 

Dear Mr. Redding: 

14 March 1984 

In response to your reque~t for information on potential· uses·: · 

of the Space cruiser, Emerson Electric baa outlined five tasks 

which we believe to be suitable for the vehicle you describe. 

If you have questions on any oi the-encloa~ tasks please contact 

me at 314-553-4521. 

·>1 CCC: jhc: 
~ Enclosures ( 5) 

BllftSON IUCT'RC C:0-
8100 W III.ORISUNT 
ST. LOUIS.....auRI 83138 

M.-.a..an 4521 
T< u•:o:•: C3MII83-4521 

Sincerely, 

./~ J ?~&-
~c. cromer 
Maliager, Reaearcb & DeveloPment 

8-27 
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1. Organization~ 

SPACE JUNK COLLECTION 

EMERSON ELECTRIC CO., 8100 W. Florissant 
St. Louis, Missouri 63136 

2. Principal Investigator: R. D. WELLING 

3. Liaison office or person: N/A 

4. Beneficiary categories: 

Commercial 
Military 
Intemational 
Insurers/Investors 
Space Station 

s. Brief task description: Space Junk Collection 

6. Xey results desired: 

~collection and transfer to non•interfering orbits·of non-operational 
orbiting vehicles, debris. · . · 

7. Potential value/benefits: 

o Gain experience with emergency rendezvous, docking with 
disabled vehicles 

o Clear high-value orbital·pl~nes, altitudes 
o Rem~ve low-orbit vehicles in hazardous deteriorating orbits 

(especially those with nuclea:o fu~l sources) 
o COllect •junk• in assigned regions for.future industrial 

recovery, processing. 

8. Schedule estimate: 
o Time line Ul'.known 

o Flights would surge at front end of program, move to routine 
orbital maintenance schedule (continuous) 

9. Task-subject categories: Space operations 

10. Flight profile or parameters during the experiment: Among all 
orbital levels 

8-21 
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Space Junk Collectien 
Page 2 

!!!:!! 
11. Critical/unusual handling/support requirements: 

Docking with non-cooperating vehicle 

12. Comments relative to doing task without the STAR research vehicle: 
STAR can perform this task concurrently with other unrelated tasks, 
experiments. It is doubtful a larger or dedicated vehicle would 
be committed exclusively for such a task • 

13. Task Description: 

o Collect non-operational orbiting vehicles, debris 

o Condense collected material within limited neighborhood for . 
Processing 
Temporary parking 

o Transfer to park-ing orbit 
By direct towing 
Attached boosters 

o Temporary parking point may inclUde external tUlk for later 
mission to transfer collection to ftnal location. 

8-29 



NO~-COv~~AA!ll~ v~n~CLE DOCKING SYSTEM 

~ 

1. Organizati~n: EMERSON ELECTRIC CO., 8100 W. Florissant 
St. Louis, Missouri 63136 

2. Principal Investiglltor: R. D. WELLING 

3. Liaison office or person: N/A 

4.· Beneficiary categories: 

Military 
Technology 

s. Brief task description: 
Ron-cooperating vehicle docking aystem 

6. Key results desired: 

o Dock with non-cooperative targets 
o Perform reconaissance, inspection 

1. Potential value/benefits: 

Strategic intelligence value 

8. Schedule estimate: Unknown 

9. Task-subject categories: Space operations 

10. Flight profile ~r parameters during the experiment: Unknown 

11. Crit~cal/unusual handling/support requirements: 

o Eatablish physical, .non-destructive, non-interfering, 
non-detectable physical connection with non-cooperating 
vehicle 

o Eatablish· rigid link once physical connection completed 

12. COmments relative to doing task without the STAR research vehicle: 
o STAR overt mission could screen reconnaissance 
o Multiple STARS make detection monitoring more difficult 
o Dedicated vehicle more conspicuous, expensive 

8-30 
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Non-Cooperating Vehicle Docking System 
!t'!~~ 2 

13. Task Description: 

o. Rendezvous with vehicle of interest 

o Extend contac~/adhesion device 

o Establish rigid link 

o PerfomEVA, reconnaissance 

o Return to STAR 

o Sever link 
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TACTICAL THEA'l'EA MULTISENSOR SURVEILLANCE SYSTEM 

1. EMERSON ELECTRIC CO. , SlOG W.. Florissant 
St. LOuis, Missouri 63136 

Organi•ation: 

2. Principal Investigator: R. D. WELLING 

3. ~iaiAon office or person:· N/A 

4. Beneficiary catec)ories: Military 

5. Brief task description: 

A quick-response, low-orbit tactical reco~saanc• systeo for 
real-time reporting of PHOTINT, ELINT. 

6. Key results desired: 

Provide theater and subordinate commanders witb oa-call (less than 
2 hours) information on enemy dispasition_s, mov...-nt, l~aticm of 
high-threat systems. 

? • POtential value/benefits: 

o Fills gap in battlefield surveillance between TR-1 aircraft 
and strateqic reconnaissance satellites 

o Greater survivability than TR-1, greater resolution thaa 
satellites 

o Detection of lower powered emitters possible, with high vietr­
inq anqles providing increased dwell t~e over targets 

8. Schedule estiJDate: Unknown 

9. Task-subject categories: Unknown 

10. Flight profile or parameters durinq the experiment: trusatmospheric 

11. Critical/unusual handling/support requir .. ents: 

o Coordinating target locations, time-over target 

o Real-time communication of surveillance data 
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Tactical Theater Multisensor surveillance System 
Page 2 

!I!! 
12. comments ·relative to doing task without the STAR research vehicle: 

No similar on-call system exists 

13. Task Description: 

o STAR payload is multisensor package 

o STAR in stand-by launch or parking orbit configuration 

o Reconnaissance request from theater commander received and 
sets launch or new orbital parameters · 

o STAR conducts single or multipl8-pass sensing• of battle­
field, down links data to commander for real-time proeess~g. 
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ORBITAL VEHICLE TEST/DIAGNOSTIC SYSTEM 

Org~ization: EMERSON ELECTRIC CO., 8100 W. Florissant 
St. Louis, Missouri 63136 

2. Principal Investigator: R. D. WELLING 

3. Liaison Office or person: N/A 

4. Beneficiar.t ~~~egories: 

Commercial 
Insurers/Investors 
Satellites . , 

. -
: . 
: .. ...:~ . 

. '• .. :·:.~· .. ·. s. Brief task description: 
. • .· .• .J. . ._:)/~~ ~·· ·. 

Ferry an automatic test syst- for intercoDDection:with ·c!esiCJDAted 
satellite systems for routi..'le and emerqency maintena.-,ce. . .. · 

. • • fl'' .: •• ~ 

6. Key results desired: 

Make it possible to obtain functional data.on unmann8d and 
perhaps dormant satellites for assessment on feasibility of 
repair/replacement. 

7. Potential value/benefits: 

~.: . 

o Provide accurate information on dispos~tion of malfunctioninJ 
high-cost satellites. 

o Repair rather than abandon/replace malfunctioning systems 

8. Schedule estimate: Unknown 

9. Task-subject catego~ies: 

Vehicular system/subsystem/components 

10. Flight profile or parameters during the experiment: 

Low to high orbit 

11. Critical/unusual handling/support requirements: 

o Interface specifications critical 

o Standardization of diagnostic/test procedures required 
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Orbital Vehicle Teat/Diagnostic System 
Page· 2 · ' 

ITEM -
12. comments relative to doing taak without the STAR research vehicle: 

Without STAR, presumably no auch teat ayatem would be transportable 
in the near term. 

13. Taak Description: 

o STAR payload is aut~&u&tic teat/diagnosis system 

o STAR rendezvous docks with satellite, matea teat system 
with satellite 

o Test sequence results either stored on-board, down-linked 
or both. 

o Decision made as to feasibility of repair/replacement 



MAN-IN-LOOP DEFENSIVi BATTLE STATION 

Name of Task: 

!l1!! 
1. Organization: EMERSON ELECTRIC co., 8100 w. Florissant 

St. Louis, Miaaouri '313' 

2. Principal Investigator: R. D. WELLING 

3. Liaison office or person: N/A 

4. Beneficiary cat"oriea: Military 

s. Brief task description: 

STAR vehicle as a manned battle station· to "fly cover" for 
high-priority vehicles, deatroyiDg anti-aattelite.··•yatems. 

6. Key results desired: 

Provide close-in defense of high-priority space vehicles 

7. Potential value/benefits: 

o Provide semi~autonomous battle stations during high · 
ionization periods 

o Operate on-call, activating dormant anti-anti-satellite systems 
o Provide stop-gap to near-term image understanding capabilities 
o Promote near-term deployment of space•based defense 

8. Schedule estimate: Unknown 

9. Task-subject categories: 

Man-in-apace 
Space operations 
Flight control/command 

Launch 
Recovery 

10. Flignt profile or parameters ~i. tJle experiment: Unknown 

11. Critical/unusual ~andling/support requirements: 

o Rendezvous, docking with passive, low radar cross-section vebicl 
o I.ow-probabilJ.ty of intercept (LPI) cOIIIIDunications with remote 

sensors, weapon platforms, ground. 



... , ... 
:~ 
~ 

. . 

Man-In-Loop Defensive Battle Station 
Page 2 

!!!!! 
12. comments relative to doinq taak without the STA~ research vehicle: 

o completely automated system (reliability problems) or ground 
link (ionization problems) required. · 

o Deficiencies in artificial intelligence development• (tmaqe 
underatanding, sensor fusion) requi~e man-in-loop and perma­
nent, semi-permanent ~~ed stat!cns • 

:~~ 13. Task Deacription: 

:~ 
~ 

o Stand-by launch to rendezvou• with dormant, low radar cross­
section battle station 

o Provide passive surveillance with IR, RF, radar (from multi­
static emitters) aenaors 

o Attack threat vehicles under all conditions, including isolation 
of ground control because of nuclear-induced ionization 
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IIOGIII L IAMIIIA 
PAESIOE~T 

*· heel v. laddiq, .Jr. 
SD& Project Kaaaer 
DC8 Corporatiola 
1055 8. F.Ufa Str•t 
Alaaadna, Virailda 22314 

Dear Kl'. Wcliq: 

~ AEROJET-~, .. ----

-COMPANY----

D 0. So• 1322: • Sacr~me,.rc C.Mor.t.a l5B'3 • ·3t6' l55 ~6l3 

21 Karch 1984 

You~ lett•~ of Fetmaary 14, 1984 requeatiDI illfonatiOD oa potatial naearch 
acl tecbllol011 tuka fo~ the Space Cruiaer baa beeD recdftcl. 117 tecbDical 
ataff bu ~evi-cl requir••t• aad naauta tbr• apermat ar- for the 
sua Proaraa. !be• are: 

1. Low coat Guiclaac:e Syat• Evaluatioa fo~ Space Crui.Hr eel 
Untetba~ecl IV A. 

2. Aarobrakiaa Iaveatiaatioa• 

3. Plus Cluater mat• for PriaKy Space Cruiaer. Propulaioa. 

I believe they ... t your objectiwi! for the Space Cruiser aDd its broad aiaaiOD 
capabilitiea. Wb1le the tvo DOD··propulaiOD uperilieta are DOt prU. procluct 
11Du at Aanjet TecbSyat-, c:oapouDta of tbea have ·either bHD atudiecl or 
are tD c1 ... 1o,..at here aad elsewbere. Tbe uait tbruater for the Plua Cluater 
EqiDa is a el-nt of a •jor product 1iaa at Tec:bS,.c-, Space azul Satellite 
PropulaiOD •. Vith fuadtq tailored to the relative tecbDolou level achieved 1D 
tba thr• ar ... , each could be Mde •aUable to the flilht teat proaraa ad 
..U cODtributiou to tbe tec:haolo17 u wU a future apace operatiou. the 
attaclwetata provide acldttioaal iatail Oil the aperiMilta. Should JOU have ay 
further queatioaa, pluM CODtact ClaytOD v. VUliau, (916) 355-3634. 

Tbe Space Cruiser 1a a 1Dtarut1Da acl UDique cODCapt •. Ve at Aerojet TechSyst­
viah you aucc- iD canytDa it tDto clevelo,._t aad fliaht teat pbaaaa. Ve v1ll 
CODtiD~ to balp iD ay wy we cu. 

EDcloauzoe: Experimanta (3) 
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. - of £xperf•nt: Low Cost Guidance Syst• Eva luatfon for Space Cruiser 
and Untethered·EYA 

1. Organization: AeroJet TechSyste~~ CQipany 

2. 

3. 

4. 

5. 

6. 

Principal Investigator: 

Lfafson Office or Person: 

Beneficiary Categories: 

J-s P. Taylor 
Manager, Mfs1fon Analysts 
Advanced SJSteiS Dfvfsion 

Clayton v. Wtllfa.s 
Director, Propulsion 

Technology 
Advanced SJS\ .. Dtvfsfon 

2 Industry Science Legend: 
-ca.ercfal _L_Tedlnolov 
~aboratory Aircraft 1. Dfrect Beneficiary 
--r-lft lftary r Spacep lanes 

1 Gover,.nt 1 Sa tell ftes 2. Indirect Beneffcfary 
International · Space Statton 

--.Insurers/Investors -other Vehicles 
1 Other -~ Rescue ------

Brief Task Description 

Adapt the ultra-light weight, low cost Mark VI fnerttal reference 
syst•, developed by AeroJet TechSysU. for NASA soundfng rockets, 
to Space Cruiser guidance and control and to untethered EVA. Other 
applications could include space rescue, free flytng platfon. guidance 
systas such as wuld be required by the NASA Spartan and the USAF 
Shuttle Dtsposabte payloads (DSP), and space station EVA. This series 
of experf..,.ts acca.odates tile following STAR objective categories: 

a. Vehicle ~ystas and subsystas· 
b. Research on payloads and ,.yload s,.....gtstfcs wftll the •nned 

vebtcle and extra vehicular actfvfty · 
c. Evaluation of •flttary .an fn space. 

Key Results derived: 

a. Syst .. accuracy as a function of weight and •fssfon ·duration 
.b. · Suftabfltty for •flftary applfcatfons 
c. Suftabflfty for rescue ~ssfons 
d. Suftabflfty for un.anned lrtsstons 
e·. Man .. cbfne and •n-envf10M1nt synergfSII and interaction data 

B-39 
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7. Potential Yatue/Beneffts: 

a. Reduction in guidance and_control costs by an order of magnitude 
b. Inertially guided EVA (i.e., rescue, satellite rendetwous, et 

al) · · · 
c. Advance~ent in the technology of light .. ight guidance and con­

trol systll!'s 

8. Schedule Esti.ate: 

Start 1984 or later 
COIIPletfon 60 .onths ATP 
Key Phases 

a. Study definition 6 .anths 
b. Systa. develo~nt 24 ~anths 
c. Systa. production 12 .,..ths 
d. Flight test operations 18 .onths 

NUIIIber of f 1 i ghts · 6 
Schedule sensitivity· None, tht Mark YI syst .. is already 

being produced for the NASA Sounding 
Rocket Prov•· 

9. Task-subject categories: 

* Man-in-space 
Internal payloads 
External payloads . 
Vehicular syste./subsysta./ca~ponents 
Controls/displays 
Life support 
Aerother.odyn .. tcs 
Materials 
Structures 
$pace operations 
Flight support 
Flight control/c011and 
Launch 
Recovery 
Phenam1nology 
Otller ••• Deplo,_..t of free flyers for ·•flftary surveillance, 
force reconstitution, beacons, et al 

10. Flight Profile or Para.eter During the Experf-.nt: 

a. Programmed for stable LEO wfth controlled attitude during entire 
•fssion · 

b. Fro. shuttle or ELY deploJment through controlled or flown­
by-wire re-entry fro. LEO 

c. Synergistic plane and orbft altftudt changes 
d. Pflot EVA wfth •return to Space Cruiser• fail safe .ode 
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11. Ally Crftfcal or Unusual Handling/Support Requtre.nts: 

None. The Marte VI is designed to survfn space shuttle launch 
enYi.,...nts. 

12. Calalftts relative to doing task without the STAR research vehicle: 

Space resc., s,nergetfc plane changes, and controlled reentries can 
only be ICCOIIP11shecl wftll the STAR research or other equivalent 
vehicle. Tilts research could bl acca.plished IDSt econa.fcally with 
STM sfnce any other free flyfng platforw .ould have to return to 
tM shuttle for return to earth. 

13. Task Descrtptfon: 

The proposed experf.ants usfng the Mart .YI navfQitfon syst• .auld 
investigate the adaptability and reliability of a low cost, l!ght 
weight navigation syst• in trans-at8Dspherfc, law earth orbtt, and 
reentry envfro..ents. A tit of vro and CQIIpUtlr IIOdules and pro­
gr~ software would· be supplied with each uperf....Ul syst• to 
per11ft par-trfc evaluation of the •fssion varflbles: wfght, and 
accuracy as a function of systa wefgllt, •issfon duration, and •ission 
profile. It is estt .. ted that costs and gutdanct s~ wights for 
the brfef •issions of the Space Cruiser could result tn savings of 
as ..ell iS 90S of the current state-of-the-art values tn each category, 
weight and acqufsftion cost. It is believed that a low cost, light 
weight fnertfal navigation syst•, coupled with a suitable propulsion 
sJSt• (also to be furnished with the IIOdified Marte Yl), could .ate 
non•tetllered EYA a practicality. 

a-.1 
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- of Exp!rf..,.t: Aerobraking Investfptfon 

1. Organfzatfon: Aerojet TechSystlll Calpany 

2. Prfncfpal Investigator: 

3. Lfafson Office or Person: 

"-es P. Taylor 
Manager, Mtssfon Analysts 
Advanced Syst..s Dfvfsfon 

Cla)ton v. Vfllfa.s 
Director, Propulsion 

TICIInolov 
Advanced Syst..s Dfvisfon 

4. llnlficiary Categories: 

Industry 
2 Ca rcfal 

---a..aboratory 
---;-Military 
_.z_~v.,.,..nt 
-rnternatfonal 
-----Insurers/Investors 
__z__Other -~·· Rescue 

s. Brief Task Description: 

Science Legend: 
-,---rectano lou 

· lircraft · 1. Direct Beneffcfary 
-,-spaceplanes . 
__ Satellites . 2. Indirect Beneficiary 

z Space Station 
__z__Other vehicles (OTY) 

·Adapt structurally efficient cllllhlll shields to the conical shape 
of the STAR research vehicle to-evaluate this unique concept for 
aero-assisted re-entry and synergistic plane and orbit altitude 
dlanges. 

6. ~ Results Derived: 

a. Suitability for •ilitary applications 
b. · s.trgency de-orbit and plane change and orbit altitude change 
c. Structural .. ight advlfitages CQIPired to conventional 

re-entry .-s 
d. Possible re-entry corridors 
e. Weight as a function of .. tertals technology 

7. Potential Value/Benefits: 

•• b. 
c. 

Broader •issfon envelope lf~tts 
~ncy de-orbit and orbtt ch~ capabflfty · 
Multiple purpose • the Alroshield serves as a .. teorofd shield, 
an aero.aneuvering surface, and a heat shield during aero­
IIIIIIUYtring. 

·a-.2 
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Posftfvt control - surface aria .octulatfon, angle of attack 
changes, and fllpUls~ve firings enable trajectory control and 
.. Y also allow plane changes. 
SfiiPlfctty - the concept requires no new technology. It fs 
sfiiPle fr011 sudl standpoints as aerociJII•fc analysts, structural 
desfgn, thenul control, .chanfcal systiiiS, etc. . 
Reusability - the Aero.shield fs fully reusable wttllout senfcfng 
or • fntenance. 
l!d:ifng • the Aeroshfeld iS suited to either eartll-baSi"t or 
space-basing; it provides a large brut area even wftllfn tile 
vol ... constraints fiiPOSed by tile Shuttle payload bay during 
transit to low artb orbft. 
Lfgllt lllfgllt - there is no stgnfffcant wtfght penalty usocfated 
wftll tilt •Itt-purpose capabflftfes of the Alrosllfeld • 
Cost - ca..cept SfiiP 1 fcfty leads to easter din lo.-nt. 1 fgllt 
weight to tncreued payload Qplbflfty, and nusabflft7 to low 
operational costs. The overall result fs t .. st lffe c,JCle 
cost. . 
Mcst strongly supports early introduction of the Space CruiHr 
fnto higher energy orbits (G£0 and Cis-Lunar) by providing a 
pr011ise of .. Jor cost reductions • 

8. ·Schedule Estf .. te: 

Start 
COIIPletfon 
Key Phases· 

a. Study Deffnftfon 

1984 or later 
60 .onths ATP 

12 _.ths 
b. Syst• Deve lo~nt 
c. Syst• Production 
d. Flfght Test Operation 

Nullber of Flfgllts 
Schedul• SensftfY1ty 

9. Task-subject Categories: 

Man-in-space 
Interna 1 payloads 

24 .,.ths 
12 .oaths 
12 .anths 
6 
Tht design and .anufacture should 
be done fn conjunction with Space 
Cruiser design and IBftufacture 
because of tilt hfgll degre.l 'Jf inte­
gration • 

External PtYloads - provides re-entry capability 
Yehicu lar systa/s .. systlll/cOIIponents 
Controls/dfsp~IJS 
Lffe support 
Aerothet .acl~fcs 
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· • Materials 
~ Structures 
~ Space operations 

Fl fght support 
Flight control/ca~~and 
Launch 

--;-- Recovery 
Pflena.no logy 
Other ••• 
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10. Flight Profile or Par-ter During the Experi..,.t (Reference Table I) 

a. llarwll re-entry fra. LEO 
b. floral re-entry f:ra. GEO or Cfs-Lunar 
c. SJD1rgfstic plane changes 
d. Aero-braked return to LEO fro. higher energy orbit 
e. ~ gency de-orbit 

11. Alty Critfca 1 or Unusua 1 Hancll i ng/Support Requf.--.ts: 

The Ae~Shell ..st be totally integrated wfth the Space Cruiser. 
structure for -.at ... effectiveness. 

12. Ca.~ents relative to dofng task without the STAR research vehicle: 

The expert•nt could be· perfo.-.ecl wtth the proposed M5A Orbital 
Transfer Yehfcle (OTY) but at considerably greater expense and in 
a hfglllJ uncertain tf• fr... · 

13. Task Description: 

a. Concept Descrfptfon - the Alro·Shield allows IUltfple use of 
baste structure for both a..-..neuverfng and for •terofd· pro­
teCtion. It consists of tw sat-conical surfaces hinged along 
one edge. Ylen closed, the surfaces fon1 a tight cone that 
serves as the .. ~fd shield for the Space Cruiser and payload 
wttllfn. 111en open, the surfaces for~~ a vartab le area, low LID, 
1 tftfng brae for .._.neuYerfng .tli le pass1ng through the 
earth's at.spllere. · 

Durina aerc.aneuvering the vehicle ts alfgned no .... l to the 
velocl~: ·=· .•4!Ctor tn a vertical attitude "'-fle passing through 
the .. ·. ,: .. ~ ') -.: asspllere. Trajectory contro 1 is obtai ned by 
IDCiu •• , •ng the surface area, changing the angle of attack, and/or 
~~ engine firings at reduced thrust. Thus the drag coefficient, 
1 ift coefficient, and fronta 1 area can be changed in accordance 
wftll control·requtn..nts (acceleration feecl»ack) and operating 
constraints (heating, pressure loads, acceleration, etc.). 

With increasing afrfta .. ·wing-heatsllield functional integration, 
the confca 1 space cruiser re-entry shape could go forward to 
hfgll LID re-entr1 platforw and broader llfssion capabtlfty. 
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Proposed Study Deffnftfon Phase Progru • the proposed progru 
ts intended to evaluate the AM-oshfeld concept .,re rftorously 
than .as possible fn the 1913 Aerojet TechSyste~~-funded effort • 
. It consists of three .. Jar tasks: 

Conceptual Destza Evaluation - Conceptual Aero-shield designs 
will De generat for a representative vehfc'le and •fsston to 
be selected wfth DCS/DARPA approval. The baseline concepts will 
be evaluated for the selected •issfon, usfng a cQIIPuter progru 
developed during an Aerojet TechSystas C011pany IR&D progr•, 
to deterlline ther1111 and pressure loads. The structural design 
of the Aero-shield and its cleplo,_..t ..clllnt• wtll be addressed. 
The therllja 1 design wf 11 also be considered, with prt•ry 
.-phasts on passiYbe systeiS such as the Space Shuttle ~1 
Protection Syst• (TPS). Acttve cooling will be considered ff 
necessary. Guidance, Navigation, and Control (GIIIC) requfr-nts 
will be exa~ined for COIIPitibtltty with the conftguratfon/opera• 
tiona 1 concepts generated. 

S.yst• Tradeoffs - this task will study the effects of vell1c1e 
trajectOry, drag .adulatfan, and atiDsphlric varfa~ions on the 
Aero-shield configuration, TPS, GRC, and propulsion requir-nts, 
expressing these effects tn terws ot wight fiiPacts to the base­
line destgn. Oth·er aspects of the c;oncept to be considered are 
s.-rtzed fn Table I. . ,' 

Techno lOR ;;;t~...,ts Deftnttion - techno log,yh gaps uncoYered 
in the prec rig tisis will Di 1dentfffed. 1 A technology 
acquisition plan wi 11 be prepared to ~effne the scope of progr­
necessary to ·generate the llfsstng technology. · 

Following CQIPletion of the study phase, the r ... inder of tha 
~ .ontll experf....Ul progr• (as s.-rfzecl under 8.) would 
be defined in detail. · 



TABlE I 

. CONSIOERATJOIIS II AEIOSHI£LO COIIC.EPl OESICiiiS 

A. FLOW FIELD MD AEROTHERIIJOYIWUC COISIDOATIU.S 

• UPPER ATMOSPHERIC UJICERTAIIITIES AIIJ YMIATIOIS 
WM£ FLOII 1~11015 

• THRUST PLIIIE INTEUCTIOIS 
• IIJIEQUILI.IIII AEROTHEIIIJDYMMIC ~CTS 
• RADIATIOI EXCITATIOI AM) DEDITATICMI II UPPER ADIJSPIIERE 
• REAL GAS CGMPUTER CODES 
- YISCOUS II1'EIACTIOI IOUIIIMY LAYER COifTRGL 

8. POTENTIAL THEIML PROTECTION SYSTEMS 

• REUSABLE SEJIIRIGIB SYSTDIS FOR UP TO l,«<li'F • - ATIVE 
• RIGID TPS • 4,000 F . · 
• USE OF CCIIPOSITES - lEV MTOIALS • SIC. FRI. ETC. 
- ACTIVE COOLIIIi 

C. GUIDAitCE, ffAYIGATIOI I COfiTROL (GN&C J EFFECtS 
• AUTOIDIJUS ADAPTIVE t.'OIITROL Ill CONTIIIIALLY YMYI. 

ENYIROIIIEJfT 
• METHODS tW COifTRGL IFFECTIVEIIESS 
• CO~ SEISITIYITIES 
• APPRCMCH MYIGATION 

D. STRUCTIIRAL COISIDEIATIONS 
• STRUCniW.. lElGHT 
• VOLUME EFFICIEICY 
- DESIGI SIMPLICITY 

E. PROPULSIVE INTEUCTIOIG 
- ISP 
- THRUST /WEIGHT RATIO 
- MilL TI PLE ENG IN£ CONCEPTS 
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Nut of Experf..,.t: 

... -··· 

Plug Cluster Engine (hereinafter referred to as PCE) 
for Pri .. ry Space Cruiser Propulsion for a Wide Range 
of Propellant Loads and Back Pressures F~ Sea Level 
to Hard Yac.,.. 

1. Organ 1 zat fon: Aero jet TechSystetiS C011pany 

2. Principal Investigator: 

3. Liaison Offfce or Person: 

Donald w. Culver 
Manager, Propulsion Systems 
Advanced Systems Dfvisfon 

·clayton w. Wf11fl8 
Director, Propulsion Technology 
Advanced Systas Dtvfsfon 

4. Beneficiary Categories: 

s. 

Industry 
-ca.ercial 
----'l.aboratory 
--z-Mt 1 ftary 

2 Gove..-.nt 
International 

-----Insurers/lnYestors 
_Other ••• 

Science 
-!-technology 
-Aircraft 

I Spaceplanes 
Satellites 

---.2 ........ Space Statton 
__JL__Other Vehicles 

Legend: 

i. Direct Beneffcfary 

z. Indirect Beneffctary 

Brfef Task Descrtptfon: The exp4ri.ant involves (1) the application 
of scarfed nozzles on the sixteen 188 lbF rocket engines ~fch are 
arrayed around the plug and (2) on-line PUlP feed capability for two 
to four of the nor.ally pressure fed 188 lbF engines f~ externally 
1110unted, confoNBl propellant tanks 

6. Key Results Derived: 

a. Opti.a. area ratio and scarfing angle for the 188 lbF engine 
for sea level, high-endo, and exoatmospherfc Space Cruiser 
operation. 

b. Reliabflfty, performance, and operating life for the equivalent 
376 lbF to 752 lbF thrust pu.ps for feeding propellants fro. 
external, conformal propellant tanks to the 188 lbF rocket 
engines. 

c. Design data for ultra light weight, conformal propellant tanks. 

7. Potential Value/Benefits: 

a. Flexible, short, hfgh perfor.ance, and low ~ost rocket engine 
~eveloped for a wide range of Atr Force missions. 

··'· 
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b. Low flow rate PUlP technology for possible use fn space platf~, · 
Space Shuttle, orbft thruster, tactical •issfles, as well as Spac•. 
Crufstr. 

·8. Schedule Estf .. te: 

Start 
COIIPletfon 
Key Phases 

a. ·study Deffnftfon 
b. Syst• Develo,..nt 
c. Syst .. Production 
d. Flight Test Operations 

NUiber of Flights 
Schedule Sensftfvfty 

1984 or later 
60 .onths ATP 

6 .,nths 
24 .anths 
12 •nths (1) 
18 .anths 
6 
None. The baste thruster and 
turbopUIIIp technology is on-gofng 
at Aerojet TechSyst..s. 

9. Task-subJect Categories: · · . 
(Please fdentffy those relevant and clarify _.ere helpful) 

Man-in-space 
J nternal payloads 
External ,.yloads 
Vehicular syst.-/subsyste./cQipOftlftts 
Controls/displays 
Life support 
Aerothe~ .. ics 
Materials 
Structures 
Space operations 
Flight support 
Flight control/ca.~and 
Launch 
Recovery 
Phena.nology 
Other ••• Endo-at.ospherfc operation; synergistic aero-
•neuvering 

(1) Thfs phase overlaps develop~ent aftd flight test operation 
for effective 24 .anth production period. 

10. Flight Profile or.Par ... ter During the Experiment: 

a. Synergistic plane and orbtt altitude changes 
b. Sea level and high endo-at.ospheric operation 

11. AnY Critical or Unusual Handling/Support Require.ents: 

None. The PCE will be designed to survive Space Shuttle and ELY 
1 aunch enviroa•nts. 

.. 
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12. Ca 1nts relative to doing task without the STAR research vehicle: 

SJD~r~tstic plane changes and controlled re-entries can only be acc~ 
pltsflld with the STAR research or other equfyalent vehicle. the -
research could be acca.plished .ast ~MIIfcally with STAR since any 

·other free flying platfo~ .auld have to return to the Shuttle for 
return to earth. · 

13. Task Description: 

a. Plug Cluster Engine (PCEl Module Scarfed Nozzles 

b. 

The existing bell noztles on each of the 188 lbF PCE IDdules 
.ere designed for yacu• operation of the Spaceplane. For near . 
opti.ua operation at various altitudes and llbfent pressures, 
tllese nozzles will be replaced with scarfed nozzles. At 100 psfa 
dllllber pressure, the nozzles will be scarfed fr• an area ratio 
of approxi .. tely 3.5 to the exit plane. 

The resulting PCE will operate at all altitudes without 
unstable nozzle -flow separation wlltdl could structurally d-ge 
or destroy the .adults and PC£.· Addttfonally the use of un•carfed 
nazzles would result fn perfar.ance penalties during any non-
opti .. altitude operation. At 101 level the nozzles wfll pro­
vide opti .. flow. expansion resulting tn .ut- PCE thrust. At 
higher altitudes flow expansion wfll ~lso occur on the plug lateral 
surface, forwed by the scarfed nozzles, providing additional thrust. 
At a sufficiently high altitude, recirculation of .adule exhaust 
gases on the plug base will provfdl additional thrust. Total PCE 
tllrust at •id and high alti~udls can be further increased, at a 
slight sea level thrust penalty, by tilting the IDdules to.ards 
the vehicle centerline. 

The scarfed tnJzzles will be structurally supported by the 
.odule thrust ehllber, of wllfch the nozzle is an integral part, 
and the plug. 

PUlp Fed operation With External Tanks 

Low thrust operation with high total impulse requires a 
pu11p fed propulsion syst•. A pressure fed syst111 .Ould ·require 
unacceptably heavy propellant tants. This requir ... nt can be .. t 
on the Spaceplane by the use of externally attached confor.al 
propellant tanks with integral electric .ator driven propellant 
pUIIIps. The Spaceplane vehicle would provide the electrical power 
and/or electrical on-off signal to operate the pUIIIp .ators. The 
pUIIIps, .ars and electrical pcMtr supply if included fn the 
tank asSIIbly, would provide propellant flowrates adequate for 
operation of 2 to 4 of tile PCE .-les. The develo.-nt of low 
ftowrate, low head rise PUlPS is currently underway at Aerojet 
TechSystas CCIIIPIIIY· 
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The use of these externally attached tank/motor/pUlP 
asselblies will require structural, fluid (propellant) and 
electrical interfaces with the Spacep1ane. 

·~-"--- ... . ·--- - ---·-

A surface tension type propellant acquisition device can 
be used fn the external tanks since only low G operation will 
be experienced durfng propellant expulsion from these tanks. 

The difference between the internal and exterrtal tank 
pressures wfll enable propellant transfer fro• the internal to 
the external tanks. The reverse transfer can be done wfth the 
external tank PUIIPS· 

• 

8-.50 

\ .. •. 



I 

!& 
' I 
~ 

.~ 
!a 
I l'l 

~ ... .., . ..... .. 
;~~ 
:!: 

.;.~ .. ... 

a.uu 111 IJ 11 a ••••an 
P.O. a.,-....,._ Ca1ar.ao ID3DI·t012 (303l .. 1..eaao TWX ltMot0-324t r.. 4G Caa. BAAEC 

13 March 1984 
86800-84.059 

DCS Corporati Cll 
1055 N. Fairfax Street 
Alexandria, VA 22314 

Dear F.W. Redding. Jr.: 

Ball Aerospace Systems Division is pleased to participate in your 
search for. research and technology tasks suited to the Space Cruiser. 
Enclosed please find clescr1pttons of our reca IBindecl programs. T., 
of the write-ups present ..thocls of detecting nuclear •ter1als on 
foreign spacecraft (Space Treety verification) •. Another describes 
sane phenC~~enology -su,...,.ts of interest to tae Ill)· ~nity and 
the last describes an appl fcation to satellite repatr .: tn particular, . 
the replenist..nt of .cryogeic fluids. This last is of. abvious in­
terest to the IRAS progr• but also should be of interest to potential 
mtli tary progra.s. · 

Our reading of your request ts that you are looking for relatively 
near-tena applications that blnefit u.s. research and technology: 
programs. For this reason. • have attapted to keep our i•ginations 
from running too wild. (As I 18 sure you •st have detenlfnecl for 
y.ourself, the STAR vehicle tnsptres sa. fairly fantastic fcleas.) We 
feel that all of our suggested tasks are near-tenD and practical. 

We hope that these tasks help you in your efforts. Please feel free 
to. contact us if you have any questions. 

Yours truly, 

~ -i'~ a,. ·fl2o;·~· 
~Gerald D. Godden. Director 
lr~ Defense Syst .. 

P. s. If you have any pra.tional •ten a 1 s on the Space Crut ser 
such as a rtf st • s concepttons, w ..,ld appreciate receiving s0111. It 
would be useful in keeping the Cruiser in our •tnds and tn stfn.~lattng 
thought on future projects. · 

GDG/ER/chb 

-----
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the etrict ad.litazy -~. tbl8 ia a .-:JDS of gatlwriDIJ 
ad.lita&y illt:elliglace &a- •1-=ting Milt lWjl ;ricri.ty t.ugK8. 
ID adclitklll, tbi8 ••x will allaw ~aattaa-of 
~ a..- aU. ~ ia ~ CC' \ ...,t. 
a.Sc:Mdule rat.at. a A fetei!lility SJCOIJIW ~ be c :14li8Md 
in eta& tbne yan. ,. iafnncl u.g.- cau1d be canfl9JNII 
•tmtw to CUEftllt llilltuy ILIR teg1ce. b ail;:al pe= ,.ling 

. ud tbcal pW. .m4 be tba •:)a&- dleigD driwn. 

9.Tuk-td»jct ~· .-s iD .,.,., intcll'l pay~ • ..,.. 
~ fli«jjt cantml/ca.ran!, pt._ - J logr ani lDtelliglace. 

lO.Fl.igbt Profil.ea 'a. .,_,. c:Ni8er: ..wlllaw to ____. 
cpi.te c:~ to the tugllt ateUite. A nD1J1 of t.a thaD cae 
ld.laDKer waul4 be dleu.ble. a.latiw aatt.an ~ 
-- to be apt to a .tnt•• .u. eM tuglt .. ~-

11-~tical HIDW.IIg/agact ~·am. 

12.0 ata en dot.ag tMk wltlalt SfMa ~this mi.8aicn a:uld, 
ill principle. be .-eca at by • tn,._..,_ atellite. tM ~ity 
aid ...,_t.D-tbe-~aqt =t 1 cat;:lal ..- 1:M uee of tt. ~ ~ 
- "'.,._, .... atv.tage. '~!.-~ with tM tuglt atellite will 
be .CI'Iit8 Mfflmlt. 'b IW'Ctiaa U. of tM p11at C8D al.law wzy c:lcM 
.. ,. ""· Ill at&U.ticn. ct. pUae c.a -- cllciaiale abo~& tba ~ty of tM 
~· ~ • c'etend,.. tbK a ctlfiiNDL 9Uw Wll14 briDJ 1D ~ iDfoaatica, 
~ - will be able to - ,. to a dt rr.:-. Jade ~-

13. TMk Dlcriptjala 

A a.t&. mclear • 14 ''" .-I cdd.tilllg plattaal 'DJ14 be a gmw 
~ to ~ ..aarity of tM tad.tell • ._. ODI.y if ..,., pW.,._ 
wm IIIDD to .a. ..s tMk J.or-ttaw tDdll&l aan6ally, ..aid it be .-.ibl8 to a. • ..:ly waat,.. ~ dd8 1 m tile ~t.s ••• 
_. .,.. ... _. , wt:nt8 tt. lb111ty to dlt&tt ... t, •ur .a 
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·platbN. f.Wl t1Kull .al plattar- an aa&l..s by tt. 1•1 Qltc 

sp.:. ~aty, tnatf• aal &pi ta U. U.1 II lf ID -- of 
~tal ... ileble. 

qaa dltec:tkD of tt. lAUidl of • atellite tMt '11114 be ~le 
of c;a c-14 ng tuglltlble IIJClepr 14 ••• ._.,.,., IDteJ.litJiace 
~ waul4 be .. ~ ill - .ma~ to dltemt• * atellit.e 
ad.ui."xl. If ~ ~ fail«! 1:10 ....... ~ paqme of th 
.atelli~ an:1 iDUcated that it CDll4 be • odd.tiDJ maclaar aa. 
plat1bal. ~ a apcific ad.aial u.il:g the S'1'IR ~tcle c:cul4 be 
l.aaDcMcl ill cxd£ to inv.tigaU th18 sx--ibUity. 

'the 44*cwt& aplaiDICJ in thia ~ .._ a tJw-1 f"*Jiag 
.,._. to vt..r the ~patial ~ of a "hMt priat~ taage•. 
'rt. .-t!Dl of cpK&tial WQI].d be tbat ~ ~ ~ -----~ 
to tt. taz9K atellite. 'b say~ bay c:avw ~ tt.D CFID and 
tt• iDfRNl tel-=: :p ~ vi• tM ta&"9K· 'Die IR plctun 1GI1d be 
ta1cm anrS ~ iD,... Ral-U.t¥ tM pilDt. If s.-.uy, tt. 
pilct cculd ~ =- iJipoNd f""9HY· 

lctiwt ruclear nacton aa1 mx:J.ar wdleada an ·~ 
~of blat (10's to 1000'• of~). ---a atellite ia 
~of .a cl.oacl systaa. thi8 l..at .-t be diaGpatett. 'Dia amt 
pnctical .-tho~! is radiatiw caoliaJ in the a.~t:iad1Ja4 of tt. beat 
~. (1hia caul4 be a~ by~ a 8tai:.S ~.but it 
wau14 8ignific:ant1y n.trt= tM VllhicW lifllt-). 1bia ndiate4 
bat peat..-. a •ignificant dlange in tt. infnnd dgnatuna of the 
atelllte WJ.m .t.a· c:1etectable by an m ....-. 

'n. tbeaa1 ~ .,... nquind i.8 within tM 
ftate-Of~. In cxder: to-~ •print ~· lf**"+a. the 
tAI.-ratuw ..naitivity of tbe ...-or wW4 law to be en tM ccdU of 
.05 L ._,.,,. t1w taz91t wculd haw a ~ mage of . 
25(1t-40Cit,. tt. 8tandud ~ iafrand bud (7-14 llll.c=.a8) \01ld be 
~· In om.- to 9K "CJequat8 nmluticn of the atellit:e at 
a ki.1.aDM:er 8taldoff nnge, ~ ~ ~-law to be CD tt. ceder 
of balf a IIIKer ill dlaiiiM:er. With gao&! IR ~. thia ~ 
~ pEOride auf~ colt.=iD) ana to pmride ade:Jate 8ignll to 
not. ratio. 

A •:Jcz CD18idKatial in tM ct.i91 of thi8 ...aE wauld be the 
~ naga nquinr!. ..,.._ the teliW&tUN cca1d YUY ovw a 
factcc' of t1110 ad a ~luticD of .os ~·•• ia ct.lnd, tM ~ 
mDJI taal4 haw to be be~. 1ft ca. tJn!Mn:J aat 'tal t!D.-nd. '1hi8 
~ pcaride a c:balJ.-. az. em dllt-=tca. DUcnte detectoE8 ay 
be nece8•IY• 'DUa ~ u:zay waul4 not, bal~, be plllhiDJ t1w 
tec:tmology. 'h att.r -- tbK ~ be ~ Ia t:lat of 
~/•iAJnal pcCCJUiag. 'Dd8 c!Ja.d.c: DD1J1 ia wll ~that 
lalable by - ~- <'tm~Nt .. pccw.illl) ~ be ~ to 
UDCCNW tM iDfcaaat:bl dl8inll bf tM cpKatcc'. 'Dlia wauld not 
s-zticnl•rly pam tbe 8tate of tM azt • 
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~ "XfdN ..S ' ~·tM euJ.ty to dlt8ct ml i"'"tify 8Uc:b 
plM'eww • .._ t11av4t ..:tl ~ ... caa1r'IL'I by tbe 1917 Qlta- . 
.... 1&8Ly, tnaeW. lid apl d:a .. --~ .if ID _. of 
~----tl•'-· 

~ c!Kecticn of tbe JMJDdl of a ate111t8 tat WU14 be capable 
of «:1:1 :-tt"' ~Ia nac:l..r 1 •• , ., ataadud fntelliploe l 

~ waW4 be .. ~ ill m eftb&:t to detrnlne tbe atellite --kll. If tt.. ~· tail.S to .......... tbe paqme of the 
•teJ.llte ..s iDUcat84 tbat it cauld be - add.tiDr) au:leu' -­
platbll, thm a -s-:ifk: .U.k:n uaq the SUR 'Mbicle CDil4 be 
1auncMIS in cedE t.:) inweti9ate tbia paibility. . . 

b awc<*ll c-=u.s ill tbia J.ett. ~ x-ny m1 law gaaaa 
ray t~ to pr:cduce info& I aticn ai:D& tt. type, ~ity aa4 
c!iatributkll of ftaialllble ateriala CD baud tt. target aatelllte. 

lctiw ru:l..,. ~ an4 nact.r ~ .. ·~ 
Dlft:ea of X ani gllllla ~ ..... iCM. ... .. of wil#· JJ&taticna, 
it i8 ialp:actical to a:~~~»letely ..u.14 -=b ~. ... ~ -...t.ca. u. awtlable b' aaa~.:v-t.a. b __, ~·t""tcet• 
"-t fiatawble ~ ia CD braDS. 'h cU.atd!utka of tM 
lateria1 vill detend.M ~ the dwice ia a n.cta: CC' Blltiple 
1181dli8C11. 

'b &Mt.bUJ.ty of a 1.aJ:9e x-my t.giDIJ tela .... Nemtly 
~ de; ••tzatel! an! ~ .. ,_ •n! caawa m=. the IIICift pmal.8e in 
tiWI wUeatiaD ciae to its 1~ -.- ..s m:u.tneu. A D~~CD CJM 
teg;tng ~ CCUlter ecW4 act • t:M active fiOca1 plaM 
dM:ec:t«. (X-ray film lld.ght al8o baw a.~). 

Prel.imlnazy calc:ulatta. inrUcate that, b- adequate aignal to 
aot., the ~ ~ haw to integmte ouw time peria!8 CD the 
cxd£ of Jlli.auUe if the standcff' range -. a. 1d.1aafter. 'the 
tcmica1 drivw of th1a ay8t8 wcul4 be the ~ial r.oluticn 
ac:hi.vable by ~ ~ ana pcopacticaal CCIDtC. 

~an otb£ JU:lear dKecttcn aathal!8 that might be uaecS. 
a. c:cu1d envist.cm ejctinJ a ndtoeetiw ~ that ~ wll 
c:barar::t:eri. g11111a my. frail the c:Ni.Mr bdoEe flying. by t:be tarcJ8t 
aatellite. ~ .uroe WQll4 s-a CD ca. aide of tM target an! the 
c:rui.Mr, e~~dJiiP"' with an army of g11111a dKect:on, W:w.d pua cn tbe 
othu. A ...- llbml!pticn iiiBtJI cau1d. tbm be bd.lt up. 'the 
d18tributial of lWjl Z -~ a:ul4 tt.a be deri.wd. 'lhia ia a 
CJD:e1 t tbat w haw r.-! GRIDS (GIIIIIa Ray Illage DUplay ~). It 
11M be.a -.pJ•tNCJ in detail fcc a gaud bMe4 Wlicaticn in an 
iDt.ma1 cnpny pccp:ietuy z:epaet IUibeZ' l)1ll)uW 81.011. 

a. ateak:n of thia ~ ia that, if tM atellite ,... 
apilmiDJ. the iiBge ccWd be built -. aillilar to a ~ axial 
taiDJIW (all') 8Cane 1bia CDI14, ill pdaciple, pr:cduce a 6111 3 
At_.tcaal iiBge of the tnt.ma1 auuc:tuN of the aateUite. 

B-'' 
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a. fllal•· tecleiq• t1lat w -- ·C'II'Wt.den4 l8 to ... ·r.-tzal 
IIICtiwttc- "' iii* nn• ••tcra 1Wil • rw: ~ n11 •iAJratUN8. ID 
tJd8 Pill a • a·..U.(J.,..lty of ~-252-ia_~tell ~-~t:M tugK 
wiW:t. ID ~ ftdld.t¥ of tlw ..,.....s wdwa:J.-- f'lhia··lat8dal 
pftltx- Clllltlmxm -=tifttial of tM zad'O'Cd.w ..e:erial. 'Die 
r..l&ing _..;-..ial·11G114 baW diatiact .,.C:tra --•tlng CD \IJiat 
tt.·ftptawhle.ateria1W8· -'Dda ~be ..,.aially UM1U1 in·· 
dl.,.,t .. ...m..JII . fma: 8iallati!X8· 

--------------------.--- ..• -- ---------·------ - -
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Ball ,..~ ~ Dlviaial 
p .o. Baa 1062 
Jb1lder I (blamda 8)306 

2-PriaciP'l ~awetigatara or. a.rt. M. Bndb'c! 

].IJ.Mcn I Dr • Gtlay Q2rJ(Im 

4.S..ficiuy ~~ 
MILITARY 

------­_ .. ----· 

s. Brief '1'Uk o.c:riptial: OB&f2VICl'IQIS OP IDf S11XX RIDIICl'lVE EMISSICBS 

6.- a.ul.U O..ind: sncriUL Ill) SPJiriX. SICIIIIL'UI!S CR Bell SIDX 
!MISSia8 IXIU1G IB-Dl1Wr OP SPJaH.ME 

7 .POtctial value a ~ of thla type ccu14 be of wry lW#l valu. 
to t1w aatialal •ilt.- aa! tM Ill) Q"PWP'ity. 

a.~ latialltea ftl) 

9.Taalc...,ject ~­-Rw• •P•IOlcgy 
,Ill)~ 

10. Pl~t Profile I EMLY RE-Dl1'Kl 

u.cntical. Bllllling/•~ ~. ~ 
12.0:iiiiWIIU CD doiD) tdc withaat SfMa 
~ ........ , •• ta ocu14 be dcDe by ~ otMr t!laD 
tM u.e of tt. S'l7& whicle, but WCI1l4 nquin a de'iaatecJ mt.uicn 
to do eo. ay ~t.ag tM srM wc:IW:w, .tlw ~inc! c:t.~vaticna c:an 
be aede dm:ia) tba dead tU. bett• m otb£ ad.sa~ aid be of low8r ccet. 

ll.Tak c.cripticn I 
C8SEilVJIIl'Ia8 rR BCif SIIXX UDUrlVE DUSSICIB 

A ocatinuiDJ ~ edsU "within tM aatialal. ballistic -..u. 'e'•- oa-mty far iqacove4 aa4 ~~~en effllctiw 
~tal eapabil.iti• in JdlntifyiDJ ariS ~ ballistic 
\IC1..s ~ wbic*· ,. batE c'ecc:lp and ~tal aida are 
deu ~~. ~ far ~ial b«:liP• ~ striagmt • 

tat c::urnntly ~ EWUUy cptiaal ·~ .. derival 
fma tMna1 .-cee. 'Die radiaticD aal.tt.S la due to the lll1k 
~ of tt. &ttiDJ --=-tal, ~· it 1a t:t. av bcdy « the 

. be& ga.- in the bCIJDttzy an! wD of the IN. 

~mw, the noeutly ~ 8lmttJA g1aw pt._ wcm tncJ:Icat• 
tbB qltical ~ fra;a a.r .utll emit ""'"" c. be C)IMmUd 
by ~ • ...,, • TJptc:ally, ~ eetgtone occur at 
.,..ctftc w~ ~ -. 11: peible to at;D ~M~a~~Ca with 
aanQI spectzal Nil' 33 II witlD& ~ af 8i9al• 

--------~---~· -----. ------. ------- --·- -- ----- ·----- -. 
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ta. G. D. CD:ID 

BlEPICDRr Cllll'!XDU!S: MD.lTMr, CIJVIRIBll',. ~ 
SCIDJCZ, '1'!CJIDDGY 

atiEP u. tacmPl'ICI11 Qpod)it ~ of 
inopemU.w atellla., 
spe:iflcally, ...,.,:f1ui4 bell• 
~np~oftM 
Infran4 Altra rwtcel Satellite 

JC£1' P£91':1S IESDED1 Extenc!erJ q1Eilticmal 11~ of the 
umt/FD.uEWy~ 

lU1DJl'IIL VIUJE/BEiiiEitlSa ~ DU8 will nat be ~ •. 
a~ np~ will a1lGw 
IRAS tD ~ agalD. ~ 
IliON ~ wade. tea ~ of 
~ cbjec:U, aid pmride 
tiD \Wriability in" ;a nation. 

SOPDU f3'1'IMia'ES: 'lhe ~ np~ effect cx:W.d 
stut any tm.: it ~ mquin cme 
fl.ic#lt, it ia rea8CIIIbly ~ iD­
... itiw: but it ~ mquin a oar 
polar omit. 

TMIC-sua1ECl' . CII1'DDtiES: Man-in space, atema1 payloads, 
space cpratta. • 

!LICIIl' Plllm&: '1ba Space ~ amlt wculd baw to lllltch 
tM IR.MI 900 laD altltuc!e, 99 ~~ i!lcll­
naticn. near polar omit to ac:bi..wt ~ 
tran.fer. 

BMD.T1G/SJPf!tm ~· ~ ...,.,:f1ui4 btiila 
~ taa1ca aid ...:x:iat.s 
taa8fa- u... .. ncpinL\. 

CIJIBlrS Cit TMK W1'DD1l' Sl'Ma 'Dd.a cn-cc1:d.t tzwwf• of 
Uqd,ct ltiha ~ to IM1 
ia pccbllbly iqa.,..tcet by 
aar ot~~K .-... DM • p)lar 
cml.t is "lfftmlt, if not 
-...i!)le, ttE am to 
~aalt:M~ 
np~-te~wwat~a 
.-a aid aD &VA to ,..,18te. 

8-S9 
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•¢p ¢11• lt tDil4 be·.t\walaglaUI to~~ MWly : . . 
die : aliEIII liAS ~ ~ -.t of tM ~ dllta ·. .: ~··:. -~~~:~::: .. 
~~~a~.• ~ .-a... A -=cw~ ~ tkZ' .,..:o,;rtzwttcn · ... ;_ ... · 
..s·· ·: h' 8tUdy iD a 111ft n'ner! ~- ·fnlil: cbal4 w··v.y 
~lw. 'a. ~ 1118 CDil4 i*bm a·JIID 

~ *Y ~· pu1bllllll:ln ~~ 
of 8eJ.ec:te4 cbject., .... -..~am. ira•••~ --.uvt.ty 
pdat:8l ,-c IIBIMtaw CX' ad.ai~ all!, PKti.caJ.Kly, 
cM-fn inlw • t.ca CD wdablllty of t:be _, DJmle 
dtwa: sufd by DM with a d.- bMe of •..at ~ l'lltliK 
t:t.a v1tb a -.. of ldaa•, 1Dam, ~ a tJ. uuatha. DUB 
c:aal4 a~m aw1b&a ... ~ tt. ...... gaa1a of smrr. DM 
cd;'•Jly .. - lat:8c:ratialal efb:t ..mg t:be tld.ted 
..... tM lllt!IKlaldl, ud tM t!d.a&l Jrf'l9'aa. ., tM 
~= of 11M wad4 paJ:IIbly be • iDteaatdaal 
efbt al8o. 

Mia:NBI 

'b ..........-:ta ~ - pnfw at tl\18 ~-• ._ tt. --­
~ lt8elf tD npl•teh DM' ~ ...,1y. ID thla 
..ada, tM .... ~ ia ~via ... pldr8 up the 
etnp CD 1 i9dd MliiD c:qagwa taaD fma tM Slatt1a ·bay . 
alcng with t:be nqad.n4 llqdd '-lila tzw•fK J.m.lld 
e1ectftlntc ~ ccaa-=tcc ...s· tbm ~ cctd.a ·to 
atdl tha 99 ~ tDctlrwtial DIM 900 laD omit ..S 
pecb:uw a 5ild&itval8 wlth DIS. 'a. IIIIIIM! aapect of. tbe 
--- a:w..... ia cWlaitely - -.t in tbia 4P'!*b aid l~ 
ia CEtainly pa~~atb~ that tbe JIM c:ryag1D nfud)t;4 W't 
aoW4 aat be pw: I .. by • naately ccnt:zol~ I ia'! . 
...tW::le. AfUc zwdl&vaua, tbe pllot PK6xuw ao EVA ..._. 
M w .,.. a n.UJ.y -==-•ibl.e aouw *ldl tMil aJ.~·:·..Y 
8C Q II I to DUI8' MJ.i&a ft11 aid wat lJ.na ~ OCimeCtCn 
an4 1:M e1ectrial1 cs aw.1:« *idl caatJ:ola ~ cqcgeaalc 
valw ~· Ill ~ tM e1.ec:tftm1c cautco1 paMl 
aa4 1 i9Jid halilll fW ..s v.lt u... aat ~ .......... tM 
l*Q .,. .. tD ~ ~ 1Jquid he1ialll fzaa tba --­
~ aalcll illto tM DIS .-in~ taak. lie ..u.te, 
fl:ml ~ gnalllll ba-s Ull J.D.cxta~ ~. to cool 
tt. DM'. ••ce, ~tan • ..s .t.a c:rpjai taak faa. ita 
cd4tal .,.,. .. ~ ( liD& 1lCIO tD ~ 
MJ.laa (sm.) tacwatum (*-* 21t) uaiar) cal4 belt• 
b1mn" 9111 aid 1 ··riA .., ,, • .as14 NqUt.n 30 to 4D ~~aum. 
111 w.l4 a180 ... r.: tD fU1 11M with eapKflui4 .u. 

. mt:!IK tm11 wltla ,..., 1 tq11td Mil• eo w can tu. 
..... PCJI of tt. iD1=z I II S C'Q01 Vg Cl5*=ity of a 1\all tank of 
sm. flea- • u.c:nu.l cpilialtfcwwl l.t.&tU.. If IBM' tadal 
,... ftlJ,.,I with .... 1 lwlt• ~ .. tMn wat.s to CIOOJ." 
to tt. ~ Rate, w eettwte a 7 IIGlth cpeca•tmeJ 
~ ~ be tldlt ll:l.e ._ •• a ...,..aut4 flU~ 
~ in - ... tete&! 10 lalth cpKatfonal ~ 

Aft8E' ~ :'lp).•f4 wtt, tM pllGt z.au:D8 tt. CEJ"JII'iC 
!Wit ibid ud ~,_ tD tba cpecat t,..l caaf~ 
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Tast Title: STAR Configuration Changes 

Vou~ht Missiles and ~d~•nced Prc;r~~s Divisi~ 
Post·Orfice !ox 225907 
Dallas, Texas 75255 

Prindpal lnves~sator:~~Ta_·o_·~~~~~~~~~~~~~~~~~~ 
-·Focal ·Paint: ··Dr. ·c;-s.-1lftls/Dr.--.J:-r.· Porter··-· 

-· ·aeriefieiary-fate!)oriis! -lPlease rani: top five) 

IndustrJ Science 
X Ccu.::ereial I Technology 

laboratorJ X Aircraft 
X HilitarJ X Spaccpl~nes 

Governrr.en t Satellites 
International Space! Station 
Insurers/Investors Other '/chicles 
Other 

Brief Task Description:~ase include co~lete descriotion on last page) 

Oete~ination of the altityde conditigns for which extremel¥ large" 

•strap-ann '"nqs arg usefyl for maneuyers. 

Key Results Desired: Validate the benefits of lightweight "strap-on" wings 

for the STAR vehicle. Detennine the min/mu altitudes for a •space G'l fdern. 

-Potential Value/Benefi.ts: Minimal energy maneuvers in rarefied atmosphere • 
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Sch~~~1! Esti~ate: . 
(StJrt/Cc:-;ll e! ien/~~ey ?hlscs/::sr.-~er of Fl i~nts/Sch:~~:.alc? S~ns ~: i ·:~ :::! ~:c:.) 

TBD 

·Tas~ Subject Categories: (Pl'ease identify those relevant and cl~ri fy where 
hel~ful) . · · 

I 

_L_ r"'an in space Structures 
Internal payloads Space operations 

_L_ External Payloads Flight support 
_l_ Vehicular systern/subsyste~ .....1_ Flight control/c~~nd 

components launch 
_L_ Controls/displays Recovery 

life Support Phenorr.eno 1 ogy -_L_ Aerothenmodynamics Other 
Materials 

Flight Profile or Parameters During the Experiments: Altitude. Revngld's 

Number, Wing Area/Shaoe, Effect of Heating and Focusing gf sun thrgugh 

wing. 

Any ~r1t1~1 or Unusual Handling/Support Requirements: EVA required 

for assembly. 

Conments Relattve to Doing Task Without the STAR Rese·arch Vehicle: ___ _ 

Not possible - i.e. task is specific tg a STAB-type yehfcle. 



'F. 

~ 

I 
i} 

& u: 

..... 
t· .· .. ·' 

. '., 
il 
;:{ 
~i 

b l .• 

_., .. .. . . 
-:. 

·~ '-. 
~ ... 

------

APPI!NDIXC 

1be followln& disQ•ssion reviews· the apparent functional and enviranmental 

cansiderations of convertJns ntan m T-ltD turbopumps from ambient temperature 

propellants to the cryosenic propellants Dquld oxypn and Dquld propane. Deslp 

operatift& c:ondltions <see Table c-1) are u.d u operatJns canclltions where factors 

concerninl performance or stress are concerned. this discussion is derived from Aerojet 

Tech Systems Memo No. 973J: 0'7, 9 luly 1911 

Current oil lubricated turbopump parboas employ AeroZine jQ tapped from the 

pump d1scharae housing as a coolant. Heat transfer takes p1al;e 1n a multipass sheU anc~· 
tube heat exchanpr that is direct1y flan&ed to the oU reservoir. 1he use of propane 

<-•i»F) would result in unacceptably h1sh viscosities 1f not freezln& of the MIL-L-7101 oU. 

U this fuel were to be considered as a coolant, it would have to be warmed elsewhere In 

~~ enpne or have its flow regut~ted as .a function of seiSing oil exit temperature m ore 
to avoid hi&h viscosity or freezing. 

AU'IOGI!NOUS PIU!SSURIZATION SYStl!ll 

Fuel and oxidizer propellant tanks are pressurized by cooled turbine ps and 

vaporized oxidizer respectively. A chan&e to propane and OXJ&en would probably 

necessitate the redesl&n of the hot gas (fuel rich) cooler and oxicllzer vaporizer. 1be basic 

system is believed to be chemically compatible with QlO&enlc propellants but may 

require some bleed-in changes to accCMmt for the potential shift from ps to llquld phase 

durin& start-up. 

GI!NI!IlAL TI!IIPI!RATURE CONSIDI!RATIONS 
A change from ambient temperature propellants to cryopnlc wW necessitate a· 

review of part fits and runninS clearances. 1be problem wW probably require a sJl&ht 
chanp to be made where parts of siplflcantly different coeffidents of expansion exist 

adjacent to one another. Examples of this are the alumirun impeller to gearbox shaft fit, 

stainless steel liners in aluminum parts and Impeller clearance·. 

c-1 
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PROPELLANTS NI'I'ROGI!N OXYGEN/ 
1URAOXID!I PROPANE 
AI!ROZINE-JO 

• NDmlnal enp. . 
~ a.&lnceOmditians I 

I 

-i TYPE PUEL OX PUEL ox 
(J) (J) r 

170 

PNpel~Mt 
Tempeaatln 0p Ql Ql -·2 -291 

PUmp Speed rpm 9,637 .,.97 10,716 9,7": 
Flori Rate .... 2,tl1 2,192 2,,10 3, .. , 

tte.d Rise ft 3,27, 1,7,. t,l77 2,337·~ 

Suction Pressure psla 3t(3) 16(3) .0(2) "(2) 36(1) 119(1) 

.,... Pressure psia 1.1, 10.2 1,. 1, • 
Power hp 2,730 2,. 2,629 3,11f~ 

(Q/N) SPm/rpm o.m O.lt o.a. 0.3/f, 

NPSH ft 11 116 " " Flulcl Density 1b/ft3 "·62 90.M 36.3 71.3 
Discharp Pressure psla 1,3,. 1,119 1,269 1,221 

f'lrcelat (Q/N)neb 100 100 91 10. 

(1) Maximum fU&ht Yalues 

(2) Minimum required tD meet asuned operatift& candltions at a naxlmum turbine 
..... of 21,000 rpm 

(3) Nominal ...... lllaiMce cand1tions 
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lJie of CfJO .. alc propellants wU1 neceseltate a rwlew of propellant bleed-)...ft IChedu1e 

Md heat tnnlf• ,._ ......... A portion of fluld Pllllp wall heat wiD be pwn up to the 

a"JOpnlc prapellant as lt ls lnltiaUJ bled ln. ct.naJnllt from a l&lbcooled Uquld 1D a ps. 
1he two ,._ mixtUre r31Ultinl will J1mlt wei&ht flow rate to vaa-.Jess tt.n neat Bqulcl 

lftd tiUI wW require Janpr blee clxin times. Lower clenllty of the vapar r.-. ndxlure 

ftlocltles creatln& areater f1u1cl friction l011e1e U the pre•-. ratio 1n the line is 

sufficient, .We c:hokins of the two phue m1xtwe an occur clue to the .UC veloclty of a 
mixture bein& lower than either the llquld or ps .We velocities alone. 

All additional phenomena is the time to stabillze the turbo ~!.ry temperatures 

to the depee that \Nfmmetrical parts bind, rub or otherwise cause 11ev1ant performance. 

Most sensitive would be close clearance parts such as bearinp, seals and thrust balancers. 

VI!N1'ING 
Vessels with cryopnic fluids must by cleflnltion be vented to the a1m0Sphere to keep 

them from overpressurizinl the container. A veae1 with a raamber of sma11 passaae s will 
tend to generate vapor due to heat conducted from the warmer outsHe wall. 1bese small 

passqes may then collect vapor in pockets where perhaps none is cleslred. Such pockets 

must then be individually vented.in addition to the main propellant tank • 

One method to avoid pocket venting is to circulate the c:ryosenlc fluid by a separate 

pump. 'nlis may be the main pump, boost pump or a specificaUy clecllcated c:irculatlon 

pump •. 

OPP-DI!SIGN PI!RPORIIANCI! 

Use of ntan m pumps to meet the pressure flow requirements of .. oxypn/propane 

fueled qine wW require one or more of the pumps attd/or .turbine to be operated off­

desi&n· Presswes and flow. rates ~-- than the orl&iMI va.s wlU ca11e the rotan of 

these components to sustain larger radial arrU• axial thrusts or ......_ thin theJ were 
clesiped for. To obtain a feel for the mapltude of the perfars•w:e lhift Table C-1 

compares operatinS conditions of an OXJien/propme flow ........... to the ntM Pint 

Stap XLR-17-A:J-' turbopump. A maximum turbine speed of 21,000 rpm was assumed to 

assess the upper speed capabWty of the current cleslp. A speed of 27 ,aD rpm has been 
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clenawtlated as poss1ble without cataclJIIftlc failwe ~ IOm8 Pll'ti1NN ~ c11stress · 
as repar1lld in Mojet Report ootS.PCW-1, 31luly 1971. 11le majar area of concern are 

noted briefly in the followinl panaraphs. 

n. potential for mechan1cal chanps may Cfllckly be •••••••d bJ ............. the 
pee cent deYlatlon from the "nominal ....,.. baJancell (NJ!B) flow rate to speed ratio 

candltlons. · Operation beyond t ~" of the NEB flow ,... to speed r.tio em be 

consiclerecl to almost ~ that some redeslp wiD be required far ~ ar 
mechanica1 ,_... in order to obtain the same •ar- of Ufe Mdl• reii"'Uity from the 

turbopump. 11le pumps for oxypn/propme are less 1hln 10 percent of NI!B flow rate 1D 

speed raUos. 

'!be .0 psia suction pressure required for the propane pump Is sUahtiY pea1er thM 

the maximUm experienced in the ori&inal nun D f1lPt 18'Ylce. 5baulcl this r.- a stress 

problem lt can be easlly rectlfled by increasln& the suction ~1 wall thidm •••· 

The discharp pressure of the oxlcllzer pump of the OJCYien/prapane enp.e is a few . . 

percent over the nomlnal NEB pressure but would probably not cau1e a stress problem by 

itself. n.e .._.ambient propellant temperatures COUld cause the alumirun .,._, haulinp 

to be .adent in elonption. . However, this problem mJaht be rectlf1ed by a chal•. in 

material, cMsip, heat treatment procedures or a c:omblnatlon of the 1hree. 

In summary, the pumps wW probably require some c:hanps, however, 1beJ are not 

c:ansiclered major redeslp. 

CZAiliOX -..,. ..,box mi&ht require 10me modification 1D IICCOmOdate the 26 percent 

MdltlaM.I power required of the ox,pn pump of the OXJPn/propaa• c:ate. We know the 

a-r set can tale the power short term, but Ute wauld hue to be canflrmed b.r test for a 

much 1onpr c1urat1on than the c.1emonstrated, 193 secands (1). 

1he a-rbox wU1 ~tely require some sen of tt.rmal isolatian from the CI'JOIIIllc 
prupeUanta. For shan ckntions isolation by low canductlvity material an belp reduce 

the ... t lola to the colder pumps. nun 1 pirKtlce employed the ... ot . elllctric 

res1sance heaters as a heat source for Ions hoklnl durations. 

__ ....__. ____ - - ·-··-· --- ---·- - - --- -· --- -~ - ·-. ·- . - ---------- - ··- -
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1he twblne power required for the OXJien/pnJpW• 1s 110 perce11t of clesip. this 
power .....ats 1n turbine inlet presswes of QJO P* tor .. inlet temperature ot 2f.t«Pa. 
a.cau.e this ternpenlun 1s 11,PP 1es1 thin the orJplal, there 1s believed to be Uttle 

problem in convert~ns the ntan m turbine. 1be orJplal nun m turbine Inlet c1es1an 
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ACE 
AGE 
ALV 
AMD 

AMST 

AOTV 

ASD 
APU 

C/C 
CG 

COTV 

DARPA 
DO Tete 

DNA 
DoD 
ELINT 

EC/LSS 
ELY 

EML 
EMP 
EMU 
EVA 
GPE 

GPs 

GX 

HAL 

IRAS 

1bf 

APPENHXD 

AII8JlEVIA11DNS AND AalYONYIIS · 

Attitude Can1ro1 System 

AM~ GnMnl Equipment 

Airbame Lamch Vehicle 

~ Aerospace Medical DiYision (Apse) 

AdYanced MWtary Space Technolog 

Aerolwalcins OTV 

Aeronaudca1 Systems Dlvisian 

AuxWary Power Unit 

carbon-Carbon 

Center of Gravity 

CarpOTV 

_Defense Advanced Researcb Projects Apncy 

Desip, Development, Test and EnslneerinS 
Defense Nuclear Apncy 

Department of Defense 

Electronic-lnteWpnce 

Environmental Control and Life Support. System 

Expendable Launch Vehicle 

ElectromapeticaUy Launched 

Elec:11'0mapetiC PUlse 

Extravehk:ular McmeuYerabillty Ulit 

Extravehicular Activity 

Government Purn1shed Equipment 

Global Positionin& Satellite 

Acceleration in the X clirectiGn 
Combined system of heads-qp display, voice ·recopitlon and synthesis, 

Audio-visual anti J..osistic:s 
Infrared Astronomical Satellite 

pounds force 
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JDm 
LCC 
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LID 
LDEP 
LEO 

LV 
MOTV 

MRRV 

MTBF 

NEB 

OMS 

ORU 

OTV 

PCE 

PHOTINT -

psi 

R&D 

RMS 
ROM 

SDI 

SFO 

SLRV 

SP 

STAR 

STS 

TCA 

TPS 

TSE 

TAV 

Life cyc1e· costs 

Lift-to-Draa Ratio 

Lana DuratiGn Exposure PacWty 

Low earth orbit 

Launch Vehicle 

Mlrl .. ecl OTV 

Maneuverin& Reentry Research Vehicle 

Mean-time-between-failure 

Nominal En&Jne Baiance 

· Orbital Maneuverin& System 

Orbital Replacement Unit 

Orbital Transfer Vehicle 

Plug-Ciuster-£n&ine 

Photo-JnteW&ence 

· pculds per square inch 

Research and Development 

R~eM~UWSy~em 

Rough Order of Mapitude 

S1rategic Defense Initiative 

Space Flight Operations 

Sluttle Launched Research Vehicle 

Spaceplane 

Spaceplane Technolo&Y and Research 

Space Transportation System 

Tennil'lal Crossin~ Angle 

n.rmal Protective System 

Testinl Support Equipment 

Tnnsatmosphel'lc Vehicle 
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