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PREFACE

- This report extends the previous analyses of the generic high-performance spaceblane
- or "Space Cruiser” sponsored by DARPA under DARPA Orders 4097 and 4229, monitored
respectively by the Detense Nuclear Agency and the Air Force Space Division (AFSD).

This current work was performed under DARPA Order 4913 and monitored by Colonel
James N. Allburn, USAF, Special Assistant for Advanced Fighter Technology, Tacticai
Technology Office. Lieutenant Colonel Darryl W. Smith, Deputy for Space Systems,
Directorate of New Concepts and Initiatives, Headquarters Air Force Systems Command
was the Contractmg Officer's Representative.

DCS wishes to express its sincere appreciation to those vho contributed to this
Spaceplane Technology and Research (STAR) analysis by r«pomling to the survey
concerning tasks for the Space Cruiser as a research vehicle, _

The contributions of Mr. Stuart T. Meredith in his analysis of the STAR survey and of
Mr. Fredric A. Dunbar in costing are gratefully acknowledged.
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1.0 INTRODUCTION

This report presents the results of the analysis of the research and technology
potential of a generic type of manned spaceplane as a military research vehicle. A
specific spaceplane configuration, termed the Space Cruiser, is configured herein to be
capable in the near-term of full-envelope cislunar (Earth-moon space), transatmospheric,
and endoatmospheric flight research. Figure 1 depicts the Space Cruiser in high orbit.
The underlying question is: "Should the Space Cruiser be developed and used as a research
vehicle? The analysis addrased this fundamental question.

The study assumed the criterion that a space-capable research vehicle designed for
an important but limited experimental scope, such as flight control and aerodynamics
would not be justified. This criterion results in the requirement for the research vehicle
toserveabroadrangeotbmeﬁciarlesandtopertorm,andtoarrypayloadsthat
perform, over as broad a scope of research and technology as possible. Beneficiaries
would include the Department of Defense, aerospace industry, national laboratories,
commercial industry, insurers, and others. The scope of research and technology would
include man-in-space, space operations, internal payloads, external paylcads, -vehicilar
subsystems, aerothermodynamics, materials and others. Further, sharing the cost of
space system development and operations is rapidly becoming 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 greater than existed during the predecessor X-15 manned
research aircraft program. The primary emphasis during the configuration analysis

. Mmofﬂnmmmudmmmmﬁgmeﬂnmm,ﬂnwmm,md
- its operations to accomplish as many tasks or missions as possible. In this context the

reader will find the term omnimission used throughout the report. To help identify and
&ﬁmmmmmbgymmmevahnuﬂnme,uumymdvameof
ﬂnSpaceCmiserasaraeardlvdﬁcleanaﬁonwidemeymcmdmtedmdw
reported. %

Tasks of a Spaceplane Technology and Research (STAR) flight p.ogram wou!d apply to
aﬂfummamedspacevd\icle,meSpaoeShutﬂe,mmamedspacevdﬁclu, space
structures and transatmospheric and hypersonic vehicles. Small, responsive, versatile,
high-performance, and permitting an ope-ational risk level more appropriate to the
military than to NASA, the research vehicle would both complement and greatly extend
the Space Shuttle capabilities. Itssmallsizeandlightweightmreﬂ\atitneedonly

1
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occupy a ‘small portion of the volume and weight-carrying capability of the Shuttle's
Orbiter and that its cost-to-orbit as a manned vehicle will be minimized. Its configura-
tion also enables it to be launched by expendable launch vehicles such as the three-stage
MX booster stack.

In addition to the research and other technology questions pertinent to hardware and
performance associated with space vehicles, there are other appropriate or vital questions
whose answers are expected from the STAR research flight test program. Paramount
among these is the national question of the value of military 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
vehicles and complement the answers being obtained from the Shuttle program for the

large, logistic, and space station type vehicles.

TheSlmttleisnowusedasanoperationalsystem. DepartmentofDeteneespeoe
biotechnology R&D has become a relatively low peiority Within NASA. The Alr Foree‘s

~ Aerospace Medical Division (AMD) has been tasked by several dlrecum to explote _

military utility of man-in-space and exploit man's unique eepebmtles in emmcm; '
military space systems. The resultant Military Space ontedmology R&D program oovers
exploratory and advanced development areas. Though the Air Force has been careful to
coordinate its program closely with the NASA Life Sciences program - in order to evold '-
redundancy, tapping into the NASA system has been lrought with problems of eoordlm—
tion, differences in priorities and the fact thet NASA has its own R&D programs to
consider. It is believed that the DoDneedsavehiclewhich witl pravideamamedofblul :
platform for exploring man's military utxllty in orbit. Unless the DoD is glven the tools,

the job will not be done. AMDpersonnelhavestated(AppendixB)ﬁnatme"SpaoeCnnser :
fills the bill.” '

The Defensive Technologies Study of the Strategic Defense Initiative (SDI) identified
researd\programstor'acapabllitytoservicethespeoecomponetmandanebmtyto
transfer items from one orbit to another.” The Space Cruiser system is designed for the
highest payload-velocity product that technology will allow in a manned vehicle. It may
fulfill the SDI needs well. ' ‘

The report begins in Section 2.0 with a summary in DARPA format of the work
performed, its objectives, the problem addressed and the general methodology used in

3



', y e v

R AR
AR AN

DASS
o & &.

A I |
i
s

i J e

LA
N

-
"

-.‘}'.

2V, o' p.
LR 250

s
)

ol B
.
Y

performing the effort. Technical results, findings, 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
background 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
configuration to the study. o , . ' .

. : J

Section 4.0 presents the results of the survey for research and technology tasks for
the Space Cruiser. Example letter responses are contained in Appendix B. The analysis of
the application of the Space Cruiser as a research vehicle begins in Section 5.0 with a
discussion of the linkage of the configuration to the resuits of the survey and to other
tasks considered during the study. The conceptual-design logic and the operational and
design requirements that result are presented. The performance of the Space Cruiser as 2
vehicle and in the overall system configuration context with its launch vehicie options and
external propulsion 3, presented quantitatively in Section 6.0. Section 7.0 examines the
davelopmental and research planning options and makes recommendations. Space
operations are presented from a functional viewpoint, including an overall functional
system block diagram. Cost estimates are discussed in Section 3.0.

Conclusions and recommendations are presented in Section 9.0 and 16.0 rapécﬂvely.
References are provided in Appendix A. The survey letter with representative responses
comprise Appendix B. An explanation of the principal changes to adapt the Titan M-33D
rocket engine for use on an air-launched launch vehicle presented in Section 6.0 is given in
Appendix C. Definitions of abbreviations and acronyms are listed in Appendix D.
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TASK OBJECTIVES

The overall task was to perform a research and technology planning effort that
would produce a preliminary program plan for the development and use of the high-
performance manned spaceplane or Space Cruiser as a military research aircraft.
The Space Cruiser was to be configured fortheruearchappllaﬂonasdeemed
necessary relative to its prior configurations. Configuration changes would as an
objective retain and facilitate the option of its use as an operational military
spaceplane. ‘

TECHNICAL PROBLEM

There were two principal technical problems in the study. The first was to
search for and evaluate potential research and technology tasks suitable for
accomplishment by the Space Cruiser as a research vehicle. ﬂnseca\dproblem
was to determine the overall system configuration and the performance of the

Space Cruiser as a total system. Thecorrelatlonotﬂ\etwoproblunsmvidedﬂn,g_y
best measure available of the justification of the research vehicie and formed the

basis for research vehicle program planning.

v P . N

Ameylettermpreparedmatexplamedthebaslsofﬂ\erequmfor
information, described the Space Cruiser, provided a reptuematlve performm'
specification for the vehicle system and’ provided an optional response format. The
- letter was sent to industry, the military,’ national laboratories, etc.” The survey Is

discussed in Section 4.0. .The survey letter and a cross-section of responses are
provided in Appendix B. ' R :

The logic that results in-the generic Space Cruiser - configuration  was
developed. The principal motivation was to obtain the greatest degree of
versatility and performance in as many tasks or missions as possible. The logic
resulted in the operational and conceptual design requiréments, which: were then
transformed into the specific configuration. - Changes were made in the vehicle,
relative to prior configurations, which improved its performance dramatically.
Launch vehicle options were examined and overall system performance determined.
The primary measure of performance for evaluation or figure of merit was

v
IOV |
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determined to be the payload-velocity product. The logic and development of
system performance are presented in Sections 5.0 and 6.0 respectively.
Options for flight testing the research vehicle were considered and recom- -

mendations made. Finally, vehicular costs were estimated based on historical data
" with emphasis on the highly successful X-15 manned research aircraft.

TECHNICAL RESULTS

- Thirty-six responses were received to the survey letter with 60 distinct tasks
or experiments. There was a surprising lack of duplication in the experiments
recommended, which reflects the diversity of the needs of the respondents.

 The STAR manned Space Cruiser Is estimated to have a maximum velocity of
8,700 fps with internal propellants and no payload. The velocity with a 500 Ibm
payload is 8,075 fps. Use of the wide-body Centaur as a propulsion module with a
single RL-10 Derivative-IIB engine will provide approximately 20,731 fps to the
Space Cruiser loaded with sufficient propellant to add 8,700 fps after staging the
Centaur. Options for external carry or push of payload with/without external
pmpenantorapmpdlslonmuemd\asﬂnmuurmakeﬂ\ecmaverntue,
high payload-velocity vehicle. It is capable of landing autonomously at austere,
helicopter-suitable sites.

IMPORTANT FINDINGS AND CONCLUSIONS : :

The Space Cruiser is a high payload-velocity performanoe spaceplane capable
of research and military tasks throughout cislunar (Earth-moon) space. The survey
brought forth a broad range of potential beneficlaries. -The survey also showed the
broad scope and depth of research and technology tasks of value to those surveyed.
The high potential for a valuable, research program is clear. The Space Cruiser
can go to any orbit, has endurance, carries lntemal payloads, carries unlimited
payload externally, can maneuver synergistically and lands with a flylng parachute
or Parafoil.

The Aerospace Medical Division (AMD) has need of a space vehlc!e with the
performance of the Space Cruiser for carrying out its military man-in-space
responsibilities. The Space Cruiser will also meet Strategic Defense Initiative
needs for on-orbit capability at all altitudes for ballistic missile defense system
R&D and for subsequent operational tasks.

‘ The cost estimate for the manned Space Cruiser R&D Program is best
compared to the manned X-15 Program. Actual cost of 27 X-15 flights in 1964 was

6
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about $2M (19888) for each flight. -This cost seems conservative for the Space
Cruiser less launch vehicle cost, considering all available data and assuming a
comparable number of flights. An accurate costing will not be fully estimable until

~ the STAR Program is initiated and the return on investment from internal and

external R&D payloads, repair of satellites, a space rescue, and other space
operations is calculated. -

SPECIAL COMMENTS

The limits on available funding resources, the advances in technologies
required, the major system acquisition process and political constraints create
problems for procurement in the near-term of the relatively large trans-
atmospheric vehicles. Therefore, in this special context it seems particularly
appropriate to suggest that the Air Force consider the procurement and operation
of the Space Cruiser as a research vehicle. Demonstrated milinry Aman-in-space

capabilities in the Space Cruiser wouldearnmpportofandhelppaveﬂ\ewayfcr '
the transatmospheric vehicle.

IMPLICATIONS FOR FURTHER RESEARCH

1. ltisreoommdedthatamaiorsystemmmdactumbefmdedtoreﬁne the.
Space Cruiser design and to determine more detailed development and-
operational schedules and costs for its use as a research vehicle.

2. The small size and weight of the Space Cruiser and the advantages of aircraft. -
launch suggest that the air-launch concept described in Section 6.0 be
developedinameptual design study. ‘l'heuseofﬂ'tefinalmgeasm
"infinitely reusable® space station, or stage-station, would provide distributed
space stations at low cost and should be an integral part of the analysis.

3. The use of the Parafoil for aerodynamic plane-changing maneuvers at entry

speeds has a dramatic potenual performance payoff. It is recommended that
the feasibility and implications of this new concept be examined.



3.0 SPACEPLANE BACKGROUND

3.1 MILITARY BASIS _

The high-performance spaceplane concept was originated in 1979 as the
solution to a problem stated by the Office of the Deputy Director, Defense
Research and Engineering, 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
justitications for the military Shuttle.

The idea of the generic spaceplane was generated and approved. Two
spaceplane-specific iasks were then stated in the Work Statement to (1) Prove the
need and value of the high berformance 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 DNA001-80-C-0217 and cosponsored by DARPA Order .
No. 4097. '

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

The non-military characteristic and severely limited military capability of
past, current, and proposed propelled spacecraft while the military need is
substantial and increasing rapidly. Manned spacecraft programs and concepts have
displayed predominantly non-military characteristics such as:

o  Space maneuverability which is limited severely

o Payload-maneuverability in space which is limited severely

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

;'—:— ‘o Substantially constrained mission profiles
;;',* o  Weather dependency of launch and recovery
R o . Launch schedule inflexibility 7
u:_.; o  Vulnerability of the launch facilities and the global ground support to direct
attack ‘

0o Dependence throughout their mission on extensive ground support monitoring,
tracking, control and communijcations

o Little or no space rescue capability

= , ©  Dependence of orbital transfer vehicles on the Orbiter or future space station
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These characteristics and capability limitations contrast sharply with the
-autonomy, flexibility, maneuverability, responsiveness, survivability and cost-
effectiveness required of military aerospace operations as the result of experience
and established in official Air Force aerospace doctrine. Further, the manned
space vehicle programs and concepts have precipitated the commonly-heid
perception that the economics, technology and safety of man in space will force
the continuation of these non-military characteristics into the future.

The National Command Authority and the Department of Defense rely heavily
on unmanned satellites as vital elements in command, control, communications,
intelligence, surveillance, and warning. Unmanned satellites have ‘additional
problems relative to manned vehicles, such as inherent vulnerability to anti-
satellites, single-mission utility and inability to adapt or to think. The manned
spaceplane could complement the unmanned satellites by providing a quick reaction
capability for unforeseen contingincies and by servicing, protecting, supplementing
or standing-in for satellites. Balance and mutual support must be achieved
betweenﬂ\emannedandqnmuundmmwyspaoesystems;

The need was then stated and is summarized here: . :

The need is to provide the military man in space a highly cost-effective near-
term vehicle system with the required military characteristics and capabilities that
will 1) protect the United States resources from' threats in and from space; 2)
cmductmededaefospaceoﬂmsivemddefemiveopuaﬁmtousemdprom
ﬂ\euseofspaoebyﬂ!eUnitedStamanditsalua;J)enhancetheland,seaandaw
forces; b) 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, including arms control.

The specific vehicle need is for a truly muitary vehicle that integrates well
with the Shuttle and other launch vehicles where required and that eliminates or
minimizes the need for other vehicles or upper mges." :

The solution presented was the high 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 configuration,

*  This conclusion resulted from a search for a vehicle concept that might meet

the requlremems. For example, NASA has no plans to develop such a vehicle. The
statement remains valid.
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{:Z},: cost, performance, ease and speed of development, in launch and recovery
: ' flexibility and in its capability to meet the characteristics and capabilities

3 established by military doctrine. ,

..4“'{.;::1. ;

The high performance spaceplane conceptual design was then studied and
refined with industrial and laboratory support in the Spaceplane Examination study
(Reference 1). The purpose of the Spaceplane Examination was stated as two-fold:

N l. To define and evaluate a small man-rated space transportation vehicle for
O military space operations which is compatible with the Shuttle, expendable
\‘;3,\ - launch vehicles or air launching and is capable of earth return and parachute
R recovery. :

v 2. To investigate configuration changes necessary to accomplish selected "off-
o design" missions.

3.2 PRE-STAR SPACEPLANE 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 o its prior configurations. Consistent with this requirement,
this Section begins with a description of the previous internal layout depicted in
Figure 2, of the spaceplane resulting from the DARPA-sponsored Spaceplane

J. Examination (Reference 1), Contract No. F04701-31-K-0001, completed 30 July
.- 1982. The development of the design logic as completed in this STAR study is.
o discussed in Section 5.0. Section 6.0 presents the configuration changes that
E resulted from the design logic and analysis of the application of the spaceplane as 2
:Ej research vehicle. Then it presents the resultant performance.

‘;;-j Figure 2 depicts the representative internal layout of the Space Cruiser based
8 ' upon a conical reentry body shape. The geometrical shape of the airframe internal
'!F 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 Nationz!
i Laboratories for the spaceplane has small, extremely swept wings or "strakes" with
;_‘ elevons (not shown). The nose section, containing the forward payload bay, ballast
%—.; - and power batteries, can extend forward while in space to expose the forward
oY reaction control nozzles for firing. No nozzles are located in the thermal
j:-'EI protection structure (TPS) with this approach. The nose can be removed and
= replaced 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 light weight structure can be attached to the forward
~
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bulkhead or ring to attach external payloads. In this way the payload is pushed by
the spacepiane and the maneuvering flight load force is the spaceplane thrust,
independent of the weight of the payload. The pilot is seated at the aft end ina
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 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-catalytic thermal tile over
a composite non-metallic substructure. Connections for refueling are located in
the aft end with the plug-cluster engine (PCE), obviating 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 “plug.”

Landing is by controllable lifting parachute or "Parafoil” (References 2 and 3).
After deployment of a deceleration drogue from the PCE plug volume prior to
vehicle aerodynamic instability, close to the trans-sonic region, the reefed,
Parafoil flying parachute is deployed from near the vehicle's center of gravity
between the spherical propellant tanks. A redundant, identical Parafoil is located
forward of the oxidizer tank. After deployment of the flying parachute, the
spaceplane assumes a horizontal attitude for flight to the ground. A lifting
aerobrake is located in the aft payload bay for aerobraking with otherwise
excessive entry speed. The lifting aerobrake is reusable.

A 195 Ib, six-foot one-inch pilot or 95th percentile man is assumed. An 8 psi
Extravehicular Maneuvering Unit (EMU) or spacesuit, under development, is
planned. This suit eliminates the requirement for prebreathing pure oxygen before
flight. Its portable life support back pack is detachable before launch and at
landing. Extravehicular Activity (EVA) does not require an umbilical. Fail
operational/fail safe design criteria are used for environmental and life support
(Reference 4). 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-image display is provided.
Voice control of and through the computer is planned.

An autonomous optical navigator supplementing and with accuracy similar to
the Global Posmonmg Satellite (GF3) is planned. Ring-laser gyro inertial plat-
forms are used in the guidance and navigation system. Monopropellant-driven
redundant auxiliary power units (APUs) are provided and integrated with the

12
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rechargeable power battery. The aircraft is all-electric. No hydraulics are

permitted on board the spaceplane.

The PCE has 16 nozzles with independent on-off control for overall thrust
vector and thrust magnitude control, eliminating nozzle actuators and flexible
lines. The propellant tanks are spherical for light weight and are centered roughly
about the vehicle's center of gravity. The 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 film-cooled for
long life. Elastomeric bladders are used in the pressurized propellant tanks. The
attitude control system has nozzies mounted forward at the 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 real-time center of gravity (CG) trim. CSG control is
important for endoatmospheric stability. It is planned that outboard propellant
tanks and payloads will be saddle-mounted to protect the TPS. '

13
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4.0 RESEARCH SURVEY

PURPOSE

In order to define research and technology tasks as specified in Task I of the
contract, DCS Corporation conducted a letter survey of appropriate aerosdace
industries and governmental organizations asking the letter recipients to identify
specific research, technology and dsvelopment tasks of experiments which they
believed were suitable for accomplishment by the Space Cruiser in its role as a
research vehicle. The industry recipients were selected to provide a broad cross
section of industries ranging from component producers to major system
manufacturers. The governmental recipients included research and technology
organizations and laboratories in the Air Force, Navy, DoD and NASA. The
purpose of the survey was to solicit suggestions for tasks or experiments from a
diverse spectrum of perspectives in order to define research and technology tasks
suitable for accomplishment by the STAR vehicle.

The letter soliciting suggestions for experiments was accompanied by attach-

* ments containing 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 diw;ision within an agency or corporation
was contacted. . : )

DCS received a total of 36 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 and a few indicated they may
submit recommendations at some time in the future. The remaining 13 responses
contained suggestions for a total of 60 distinct tasks or experiments. There was a
surprising lack of dulication 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 (15 tasks) were
considered to be operational applications for the Space Cruiser rather than
research and technology experiments. Additionally, of the 45 proposed tasks that
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were research and technology experiments, 35 tasks were experiments that could
be accomplished by the Space Cruiser and the remaining 10 were experiments that
should be carried out as part of the development of the Space Cruiser itself.

SURVEY RESULTS

This section consists of a synopsis of each of the tasks or experiments
proposed in response to the DCS survey. For clarity they are grouped into the
three basic categories: research tasks to be accomplished by the Space Cruiser;
research tasks to be performed for the development of the Space Cruiser; and
operational applications for the Space Cruiser. The tasks are also grouped within

these three categories by the organization that submitted them.

Research Tasks to be Performed by the Space Cruiser

Tasks submitted by LTV Aerospace and Defense Company .

Tasks Component tests for mMak Electromagnetically-Launched (EML)
guided projectile

Task Descriptions Determine accuracy of space launched EML gmded projectile
meeting packaging and EMP/g-load hardening design 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 apolications to boost-phase and mid-course
ballistic missile intercept.

Tasks Ablative behavior of Carbon/Carbon (C/C) nosetips and projectiles.

Task Description: Fire reentry nosetips from orbit to simulate desired trajectory.
Determine the ablative behavior and its effect on trajectory for various C/C
composite materials.

_ Expected Results and Value: Will provide ability to select the optimum materials

for various missiles ranging from ICBMs to railgun projectiles. Ablative behavior
cannot be fully simulated from Earth; proof testing requires actual missile firings.
Firing reentry bodies from the spaceplane would be less costly.

Tasks Scramijet inlet and combustion phenomena.

Task Description: Use externally mounted scale propulsion unit to determine the
effects of rarefied gasdynamics at hypersonic speed on inlet ind combustion
stability and performance of a supersonic combustion ramjet.

13




SO P2 S PR

PRSI ;A

N

[LPPr

"%}

'('-r?’.‘ ¢

et LW NS ALl Sl

&3.1.2

Espected Results and Values Will increase understanding of supersonic cumbus-

" tion ramjet. Potential low weight propulsion for transatméspheric (TAV) type

vehicles.

Tasle Navigation system validation.

Task Description: Utilize special equipment to provide a brassboard demonstru-
tion of this Vought proprietary concept. Use multiple ground track velocity/
position determination or GPS if available.

Expected Results and Value: Validation of the position and velocity determinai’sn
of the vehicle. Potential for improved long range navigation.

Tasks submitted by United Technologies, Hamilton Star.dard

‘Taskss  Various tasks demonstrating EMU technology and EVA technology

including satellite servicing.

Tadcbacrlptiau '

EMU Technology Tasks: .

1. Test quick reaction capability and subsecpent effects on crewmember physi-
clogy.

2. Test radiation prctection equipment by placing experiment on Long Duration
Exposure [acility (LDEF) or free flyer which will be revisited every 90 days.

3. Test effects of EMU venting on sensors/optics and test eftects of EMU suit
contamination due to hydrazine, etc. Develop a method of cleaning suit
while EVA.

8. Test crewman capability to react to quick ccatingency situations while suited
in the EMU.

5. Conduct maintenance on the suit on-orbit.

6. Test suit puncture procedures on-orbit.

7. Conduct heads-up display 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:

l. Test crewman restraint interfaces with satellites, structures assembly, set.-
up/tear-down, etc.

16



e )

PN

FAED

e .

Pt
| 7]

g -]

Y]

.o (d
LAV
=

L

o

5B

B
(- =X
o'

A

LI

0y ¥ 115
3 ol PN 2K
. oy
-

wWou¥ali

3
e

2
3.
LR

3.

Document crewman translational capability and evaluate translation aids.
Develop metholodology for module transfer. .

Use Space Cruiser as an orbital maneuvering system to retrieve item to
stationary crewmember, the Space Cruiser being controlled via HAL.
Conduct power-assisted end effector tests. |

EVA Satellite Servicing Tasks:

1.
2,

3.

8.

3.

6.

7.

8.

9

10.

1l

Repair/replace modules. Determine module design and logistics.

Evaluate EVA as a secondary/coinplementary mode of operations and
influence on satellite design.

On-orbit refueling of fluids causing safety problems within Shuttle (bi-props,
cryogens)

Cemonstrate satellite subsystem removal and repair (cormectors, solar
arrays, batteries, sensors).

Human factors engineering tests under varous environments, work envelope
determination, task sequencing tests. . - ‘

Determine optimal man/machine mix. Test task level and task oomplexity by ..
interacting techniqtmwhichtectthesynergismofmemlmed\lmsymm
Perform service on transfer type vehk:ies, remvelrepnir engines, avionies,

- etCe

Tectspaceberﬂlmgtasbwchasberﬂungpmloationldedgn structural
support, dynamics and interfaces.

Conduct Orbital Replacement Unit (ORU) replacement tests to determine
MTBF and reliability, optimal locations for mounting and vorking on ORU. :
Determhnbesledeoignmidentionswd\asoompmemandeab!elamt,
mounting techniques, hazards ldentlﬂeeﬂm, accessibility, crew work mtlen,
etc. .
Deploy Space Cruiser from Shuttle payload bay via the RMS. Test maneuver-
ability and logistics associated vith payload by operations including Space
Cruiser maintenance. :

12. Conduct general satellite serv!cxng frem the Space Cruiser.

. Expectec Results and Value: The Tasks as a whole would greatly expand
- knowledge of -EMU technology and EVA technology and applications. The

‘knowledge gained could lead to significantly enhanced:capability in-all phases of

manned space operations.

17
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83.14

Task submitted by the Air Force Office of Scientific Research

Task:s Long term environmental durability of materials in space.

Task Description: Use the Space Cruiser as a launcher or flying test bed for
samples of candidate spacecraft structural material and conduct periodic
monitoring or recovery of samples.

Expected Results and Value: While this task could be done on the Shuttle, the
long duration exposure facility on the Shuttle has had more than a ten year lead

time. Using the Space Cruiser could expedite the acquisitlon of knowledge about
durability of new materials in space.

Task submitted by the Charles Stark Draper Laboratory, Inc.

Task: Investigate the density phenomena of the atmowhere in the aercbraking
altitude band (240,000-300,000 feet).

Task Description: Use the high lift space plane to traverse a path similar to that
of an aerobraking Orbital Transfer Vehicle (OTV) in order to gather additional
data on the consistency of the density of the atmosphere in the aerobraking band.
Expected Resuits and Value: Increased understanding of the density phenomena
such as magnitude, spatial correlation distance, and gradient of density variations.
This could reduce the possibility of overdesigning an aerobraking vehicle because
of lack of understanding of the density phenomena, and aid in the development of

~ a low performance operational aerobraking OTV usmg either drag modulation or a

‘Jow L/D lifting brake.

8.3.1.5 Task submitted by United Technologies, Pratt & Whitney

Tasks Testing of the Centaur RL10-1IB englne operation in a low gravity, vacuum
environment.

Task Description: Use the Space Cruiser with an RL10-IIB powered Centaur to
provide information on the effects of very low gravity on engine start, and to
accurately determine the thrust produced at the engine's lowest thrust level
(Tank-Head Idle).

Expected Resuits and Value: This task would provide data on the operation of the
RLI1O-IIB in a low gravity vacuum 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 expanded operations if successful.

18
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8.3.1.6 Task submitted by Air Force Aerospace Medical Division

. Task Description: The Aerospace Medical Division has been tasked to explore the

83.1.7

83.2.1

Tasks Use of the Space Cruiser in support of a Military Space Biotechnology R&D
program.

military utility of man in space and exploit man's unique capabilities in enhancing
military space systems. They have developed several human performance
experiments which require an orbital platform, but have had difficulty In
establishing priority in the Shuttle program. The Space Cruiser could be used as
the orbital platform for the experiments.

Expected Results and Value: The several human performance experiments
planned by the Aerospace Medical Division could be accomplished without
interference with]from the Shuttle program. Accompiishment of the experiments
could lead to an earlier understanding of man's utility in space.

Task submitted by Headquarters, 6510th Test Wing, Edwards AFB

Task: Use of Space Cruiser to examine one extreme of the reentry environment.
Task Description: Thereisneedforturﬂ\erraeard\inted\mlogyrelaﬂngto
hypersonic flight. Most of the areas of interest relate to entry configurations of
low planform loading. Although the 6510th Test Wing did not suggest a specific
task, they admowledged 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%a that will assist
in Air Force hypersonic research at one extreme of the reentry environment.

Research Tasks to be Performed for the Development of the Space Cruiser

Task submitted by LTV Aerospace and Defense Company

Task: STAR Conﬂguratlon Changes

Task Nescription: Validate the benefits of light welght strap-on 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 Resuits and Value: Obtain a better understanding of minimal energy
maneuvers in rarefied atmosphere. There is the potential to expand the
operational envelope of the Space Cruiser.
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| 8222 Tedo abmitted by the Acrojet TechSysiens Comparty ~ m e

Tasks Low cost guidance system evaluation for the Space Cruiser.

Task Descriptions Adapt the ultra-light weight low-cost Mark VI inertial
reference system (developed by Aerojet TechSystems for NASA sounding rockets) -
to Space Cruiser guidance and control and untethered EVA. Applications could
include space rescue. _

Expected Resuits and Value: Potential for reduction in Space Cruiser guidance
and control costs and weights by as much as 90% of the current state of the art
values. Could make non-tethered EVA a practicality. Suitable for military
applications, rescue missions and unmanned missions.

Task:s Aerobraking Investigation

‘Task Descriptions 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 Resuits and Value: Provides multi-purpose addition to Space Cruiser by
functioning as a meteor shield, an aeromaneuvering surface and a heat shield
during womMerim. Will provide an emergency de-orbit and orbit change
capability, and broader mission envelope limits for the Space Cruiser.

Task: Plug cluster engine for primary Space Cruiser propulsion.

Task Description: The experiment involves (1) the application of scarfed nozzles
on the sixteen 188 Ibf rocket engines which are arrayed around the plug, and (2)
on-line feed pump capability for two to four of the normally pressure fed 138 bt
engines from externally mounted, conformal propellant tanks.

Expected Results and Value: Will provide a flexible, short length, high-
. performance and low cost rocket engine for the Space Cruiser and a wide range of
Air Force missions. Wil also provide low ‘low rate pump technology for possible
use in space platform, Space Shuttle, orbit thrusters, tactical missiles as well as
the Space Cruiser.

8.3.2.3 Tasks submitted by AERO
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Task: Spaceplane-Parafoil recovery demonstration

Task Description: 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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Expected Resuits and Vabsee Succeesfu!l demenstration of the spaceplane Parafoil
is essential to the viability of the Space Cruiser Parafoil-landing concept.

Taslks Spaceplane-Parafoil space maneuvering and reentry analysis.

Task Description: This task consists of computer simulation and analysis of
spaceplane maneuvering in space and during reentry utilizing the Parafoil.
Expected Results and Value: This task is necessary preparation for the actual
testing of reentry and upper-atmosphere maneuvering with the Parafoil.

Task: Spaceplane-Parafoil wind tunnel tests.

Task Description: Wind tunnel tests of the spaceplane-Parafoil will be conducted
at subsonic and supersonic speeds in order to optimize design and stability
coefficients for space maneuvering, reentry, atmospherlc‘ gliding flight and flare
landing. .
Expected Results and Value: This task is also a necessary preparation for the
actual testing of the Parafoil at entry speeds.

Task: Space Shuttle spaceplane-Parafoil flight tests. o

Task Description: A model of the Space Cruiser will be launched from the Space
Shuttle. The model will have an on-board guidance and.control system to deploy
the Parafoil in space, maneuver in space, reenter and fly. in.the atmosphere to a
landing. Air-snatch of the spaceplane-Parafoil will also be demonstrated.
Expected Results and Value: This task could be used as the final test before

actual deployment of either a manned or unmanned Space Cruiser.

3.3.24

Task submitted by the AVCO Corporation
Task: Develop material systems for structural and thermal protection of the
Space Cruiser.

Task Descriptions Successful development of the Space Cruiser will recpire
material system for thermal protectimlstructural use that are available, proven
and affordable. AVCO proposes a detailed design study to define the limits of the
Space Cruiser structural/thermal requirements and how current materials can be
improved or new materials developed. -
Expected Results and Value: This task is necessary for the growth development of
the Space Cruiser. Materials developed for the Space Cruiser would also be likely
to have applications for other space systems.

21



4.3.2.5 Task submitted by Morton Thiokol, Wasatch Division

83.3.1

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

Task Descriptions mummmmmmtmﬂmm
include an evaluation of boosters for rapid launch of the Space Cruiser and also an
evaluation of propulsion requirements for payloads or weapons which may be
launched from the Space Cruiser.

Expected Resuits and Valse: Evaluation of boosters for launch of the Space

. Cruiser is fundamental to its development. It is apparent in the following section

of this report that describes operational applications for the Space Cruiser that a
rapid launch capability and the ability launch to various orbits will greatly
enhance the versatility of the Space Cruiser.

Operational Applications for the Space Cruiser
Tasks submitted by Emerson Electric Company.

‘Tasks: Various operational missions.

Task Descriptions Emerson submntted five tasks for operational missions that

could be performed by the Space Cruisers

1. Space junk collection.

2. Non-cooperating vehicle docking system.

3. Quick response, low orbit tactical reconnaissance system for real-time
reporting of Photo Intelligence (PHOTINT), Electronic Intelligence (ELINT).

4. Ferry an automatic test system for interconnection with designated sateilite
systems for routine and emergency maintenance.

5. Useasamannedbattlestatimtoﬂyoovertorhxghpnorityvdﬁchs,
~ destroying anti-satellite systems.

Expected Results and Valuse:s These suggested operational applications illustrate

the flexibility and utility offered by small, relatively simple, manned spacepiane

system. Anmamedormyoomplexsystemcmﬂdnotoﬁefsimilarm

reaction versatility.

Tasks Submitted by Ball, Aercepace System Division

Taskss Various reconnaissance related missions.

Task Descriptions Ball Aerospace Division proposed four operational missions that
relate to reconnaissance either directly or indirectly. The tasks proposed are:
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l. Inspection of satellites for the presence of nuclear materials by thermal
 imaging. _ ' _
2. Inspection of satellites for the presence of nuclear materials by x-ray and low
energy gamma ray imaging.
3. Observations of bow shock radiative emissions. ,
8. In-orbit replenishment of inoperative satellites, specifically, superfluid
helium cryogen replenishment of the Infrared Astronomical Satellite.
Expected Resuits and Value: These tasks or missions again illustrate the
versatility of a manned system that is capable of being placed into any orbit(s).
The first two could be used to verify treaties and agreements on utilization of
space. The third task could provide valuable data for ballistic missile defense.
The last task is one that could provide an inexpensive method of re-activating the
Infrared Astronomical Satellite (IRAS) in order to conduct more survey work. The
new scientific data that has already been obtained from the IRAS provides ample
justification to continue that type of survey, but the same concept can be applied
to replenish or re-activate a variety of satellites that have become inoperative
for various reasons. ' ’

$3.3.3 Tasks Submitted by California Microwave, Inc.

Tasks: Various reconnaissance of satellites tasks.

Task Deacriptions California Microwave proposed six tasks which most of which

relate to observations of satellites from cliose range to obtain various types of

information. The specific tasks are:

1. Approzch a satellite and monitor emissions for technical ELINT purposes.

2. Approach a satellite and monitor emissions for intelligence information.

3. Approach a satellite and obtain detailed photographs and spectrometer scans.

4. Monitor ground emissions for technical ELINT using maneuverability to
access areas when not expected.

5. Utilize maneuverability to determine operational capabilities of space
sensors and defense doctrine.

6. Maneuver about a satellite and make power, pattern and polarization
measurements.

Expected Results and Value: These operational applications illustrate that even

with a small payload capability a man-in-the -loop system has many possibilities,



particularly in observation applications with various sensors. Mmeiébmty and
~ the ability to be inserted into the orbits of various satellites enables the
spaceplane to accomplish these types of missions. '

L ¥ ) CONCLUSIONS .
The variety of tasks or experiments suggested by the survey respondents is

NS o indicative of the potential versatility of a Space Cruiser research vehicle.
_53 Although some of the proposed tasks could be conducted using the Space Shuttle,
43 the Space Cruiser would appear to offer distinct advantages over the Space

Shuttle because of probable lower costs and greater flexibility. Some of the
, proposed tasks cannot be accomplished using the Shuttle. The Space Cruiser
X 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 projects, the Space Cruiser
should be considered as a valuable complementary system t> the Shuttle.

It is apparent that though the basic concept of the Space Cruiser is that of a
vehicle to conduct research and technology experiments, the Space Cruiser is also
an experiment in itself and its develogment should enhance our knowledge of
space and transatmospheric operations in general. The development and employ-
ment plan for the Space Cruiser should accord the highest priority to those R&D
projects proposed for the specific development of the Space Cruiser. The plug
cluster engine project proposed by Aerojet and the Parafoil projects proposed by
AERO are obvious examples.

The number of proposed operational applications suggested by survey respon-
dents suggests that there will be a natural evolution of the Space Cruiser from a

‘research vehicle into an operational vehicle with numerous military applications.
In fact, the distinction between some technology experiments and military
applications may not be easily discernable,

The list of tasks or experiments contained in this section should not be
considered exhaustive. Furthermore, it is likely that as knowledge is acquired of
the Space Cruisers' capabilities during its development and initial operations,
experiments will beget additional experiments. The tasks listed herein should be
considered only as representative.

Themeyletwm\drmﬂvenpuamomtainedwlﬂlmemrln
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3.1

5.0 STAR SYSTEM DESIGN LOGIC AND REQUIREMENTS

CONFIGURATION LINKAGE TO SURVEY RESULTS AND OTHER TASKS

The number and diversity of the tasks presented 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 serving a substantial number of beneficiaries and of

_performing research with numerous subjects and technologies would be met. In

addition to those of the survey other tasks became evident. For example, the
statements of critical technology, 5-10 year research programs, by the Strategic
Defense Initiative Defensive Technology Study that are pertinent specifically to
Space Cruiser capabilities are 1) the capability to service the space components
and 2) an ability to transfer items from one orbit to another, including geosyn-
chronous orbit (Reference 5).

Other examples of tasks beyond those listed separately in the survey are in the
following compilation which summarizes the potential support which the STAR
program 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.

Higher-risk tasks can be done
Centaur-Cruiser-Orbiter cryogenic vehicle operations
Military research can be done with the Cruiser launched and/or supported by
the Orbiter : : '
Rescue research
o  Orbiter/manned-vehicle integration/operations
o  Multiple Space Cruiser operations

Future manned space vehicles . :

o Man-in-space for servicing, maintenance, repair, updating, inspecting, recov-
ering and maneuvering of satellites

o Human factors/safety
Vehicular subsystems such as Environmental Control and Life Support System
(EC/LSS), propulsion, power, ...
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o Operational research such as navigation, avionics, spacemandﬁp; buddy opera-
tions,...

Research on/with payloads, internal & external

Environmental phenomena

Controls/displays/voice control

Software

Endoatmospheric/transatmospheric flight and operations

Rescue _

Aerobraking systems and related atmospheric environment phenomena
Materials

Radomes/antennas

Recovery

Space station operations

0O 0 0 0 0 606 060 06 0 0 92

Future unmanned vehicles

o Aerobraking
0 Vehicular subsystems
o Software
b o Recovery
e o Phenomenology such as radiation hardness, propagation blackout,...
0 o Unmanned-vehicle spacemanship
.\ o Remote control
= o Robotics
53 Future transatm ic vehicles
= (See above for research areas for the Space Shuttle and the manned vehicles)
v .
S Hypersonic vehicles

‘,.

] 0 Vehicle subsystems
- o Human factors
o Materials/structure

¥/ird

The potential tasks for the Space Cruiser as a research vehicle require full-
envelope performance. That is, the vehicle must be capable of operating in the
upper atmosphere as an endcatmospheric vehicle, as a transatmospheric vehicle,
and as a cislunar vehicle. The spaceplane must go where the satellites are. This
means it must be capable of research and technology tasks at least as high as the
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geosynchronous satellites. The EVA and EMU tasks of 4.3.1.2 and the SDI support
tasks exemplify operation at up to geosynchronous altitude. While not discussed
fully in this report, the Space Cruiser in combination with the Centaur(s) and
launched by the Shuttle fulfill the growing interest for returning to the moon.
Most satellites are located at low to medium altitudes, below 900 nmi and are
reachable easily by the Space Cruiser.

The Space Cruiser example used as the input or reference vehicle in this study
is limited to approximately 2650 fps with no payload and using only propeilant from
its internal spherical tanks. The addition of propellant to its two payload bays
would increase its achievable deita velocity to approximately 3700 fps. These are
modest velocity levels with respect to orbital maneuvering. For example, it takes
approximately 1500 fps for a roundtrip from a 100 nmi orbit to a 300 nmi ocbit. A
return from geosynchronous orbit requires 3700 fps to 6000 fps, depending on
whether a 28.5 deg plane change is accomplished. ' These examples demonstrate
that there is a real need to improve the payload-velocity product of the Space
Cruiser. To the extent possible, the required added propellant should be contained
within the vehicle because the Cruiser cannot enter the atmosphere to perform a
plane change or other maneuver while carrying appendages such as propellant
tanks. The vehicle must be "clean” for entry. We shall now develop the design
logic to both explain and to improve substantially the performance of the Space
Cruiser while minimizing the resultant changes to the input configuration of
Figure 2.

STAR CONCEPTUAL-DESIGN LOGIC

. This section explains the design logic that results in the general configuration and

conceptual design of the Space Cruiser for the research application. It is
recognized 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 reasoning 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 is based on the slender right-circular
or elliptical cone. The shape. length, weight and the performance of the vehicle
derive logically from the constraints of: energy management, atmospheric entry,
aerothermodynamics, F = ma, the strong gravitational fieid, rocket propulsion,
launch vehicles, high cost-to-orbit and Cislunar operation. While designing within
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these constraints there is ample room for ingenuity and for maximizing ope-ational
flexibility, responsiveness, safety, readiness and autonomy. This section is
provided to clarify and substantiate the conceptual configuration and design
approach of the Space Cruiser for STAR operations, The Space Cruiser will be
used as a research spaceplane while retaining fully the option for its use as an
operational military spaceplane.

The logic of the conceptual design derived from the need for omnimissionality:
the capability to perform well in many roles, uses and functions. The word
omnimissionality is used to distinguish between the Space Cruiser's mission
capabilities and the term "multi-mission capability® normally used in reference to
aircraft. The means for obtaining omnimission performance will be explained and
in effect, be presented as a road map to this resuit. Following the discussion of
omnimissionality the resuiting overall operational requirements will be presented.
The operational requirements are then focused to conceptual design requirements.
The operational and design requirements are placed on a relative basis and then
transformed into the resulitant STAR Space Cruiser configuration example. Its
performance is then quantified and presented in various ways as the basis for
discussion of system development and operatiom, the topic of Section 7.0.
Omnimission Motivations

A principal motivation for incorporating the 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 prediction. The Space Cruiser’s operational capabilities
with a large payload-velocity product throughout cislunar 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-.4. Although -many types of missions in space are
generally predictable by analogy with our aircraft, naval, and space experience
across the wide spectrum of research, military, scientific and commercial applica-
tions and operations, each category of the spectrum is expanding into space
rapidly, perhap- : »wnentially. It is not possible to predict with confidence all the

" future resear: . ...:l.0ns and uses.

The result is a strong motivation to design the spaceplane for the widest
possible application. Indeed, it is anachronistic to build a research vehicle to
provide data for a limited field, such as aerodynamics or flight control, at least in
the context of spaceplane technology and research. The relatively high costs of
space operations require that there be as many research beneficiaries as possible,
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3.2.2.1

to obtain the cost-effectiveness and benefits that will justify STAR clearly to the

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

Correlated with the omni-mission requirement is the motivation *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 retrieve spent
upper stages for reuse,

Space yields the unique opportunity to provide true multi-missionality in the
Space Cruiser. We will expand this point. This is in contrast to the well-known
difficulties facing multi-missionality of aircraft in the atmosphere. -

Omnimission Means
Pnncxpal means or routes for obtaining omnimissionality mclude'

o  Taking full advantage of the space environment

o Strong emphasis on energy management in design, configuration and
operations
Exploiting launch vehicle options
Providing recovery options
System modularity
Minimizing costs as part of and as a result of the above omnimissionality
means,

Let us expand this road map to omnimissionality by further consideration of each
of the listed means.

Space Environment The n.ost significant implication 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-spport consumables
and equipment, and other support equipment and sidecars for passengers and
equipment exemplifies modular configuration flexibility that results in adaptability
to the missions in terms of configuration and performance. Configure for
adaptabililty to what is.neaded when it is needed rather than penalize missions by
specifically designing and configuring the vehicle for a single missici.

The zero drag environment combined with the zXsence of aerodynamic
perturbation forces facilitate rendezvous, docking and caching. Rendezvous,
dockmg and cadung permit configuration changes while on orbit for etficiency,

o 0 0 o
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performance, and safety in accomplishing or changing missions. Zero drag also
facilitates extravehicular activity throughout 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 ic a buddy operation. For
examp'e, two Cruisers could each inject into the same transfer orbit. One Cruiser
carries the payload and therefore consumes more propellants. After the injection
burn 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 desiination 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, flight distances and low
propellant consumption-per-mile totally beyond mumngful comparison with
atmospheric 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 omnimissionality in an appropriately configured Space
Cruiser is the infinite line-of-sight distance available when not occluded by the

Earth, moon or sun. The full benefits of hne-of-sxght and transparency are
available to the small vehicle in its missions.

5.2.2.2 Energy Management What is needed is the smallest practicable manned

vehicle so that it presents the minimum weight and volume to 'whatever the launch
vehicle (LV) may be. Launch energy and costs are so large on a per-pound and
per-dimension basis that the tradeotfs greatly favor smaliness. The point could be:
made that there really is no tradeoff. Make the vehicle small and add modules and
propellants as required.

Minimizing the weight and volume presented by the spaceplane to its LV
equates to maximizing the payload capacity ‘of the spaceplane, its achievalle mass-
ratio and payload-velocity product and the weight and volume available for other
payloads on the LV. Up to perhaps four fully fueled or eight partiaily fueled Space
Cruisers can be carried in the Shuttle Orbiter's carge bay. The performance of

" modest size expendable launch vehicles (ELV) suck 2c the MX booster is partic-
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. ularly sensitive to the minimization of the spaceplsne. The advantages of ELV's in
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vehicle that exploits the use of the'developing set of ELV's. The coordinated

2. launch of one or more additional ELV's to place paylosd or propellant in place for
" pickup by the spaceplane can obviate the need for a larger LV ‘from that which

launches the spaceplane. Thus parallel or coordinated launch of two ‘or  more
spaceplanes can be done with ELV's for flexibility and responsiveness.

A special case of ELV or partially reusable LV is the airborne launch vehicle
(ALV). The performance benefits to the ALV-aircraft system from spaceplane
smaliness are even greater than those realized by the ground-lasunched LV. One
principal result of spaceplane smallness is the enabling of existing aircraft such as
the 787-200F to be used as the launch aircraft. Studies such as the Transat-
mospheric Vehicle (TAV) Concept Development and Evaluation, sponsored by the
USAF Aeronautical Systems Division (ASD) have identified substantial operational _
advantages of aircraft launch for the military. Advantages include flexibllity in
basing, launch area and In launch azimuth. Additional advantages obtain for the
research spaceplane. An aircraft-ALV-spaceplane system concept is presented in’
Section 6.3 that may prove to be the most cost-effective Space Cruiser operational
launch method for the forseeable future. ,

Most of the TAV conceptual designs have sufficient cargo bay and weight
lifting capability to carry a spaceplane designed for minimum weight and volume to
even jow polar orbit. The smaller the spaceplane the better the performance of
the TAV-spaceplane system. The spaceplane complements the TAYV in effectively
extending its the reach into cislunar space. The TAV serves as a launch vehicle, a
logistical support vehicle between the earth and the spaceplane on-orbit, and can
join m buldy operations. For example the TAV could provide on-orbit command
and controil. TheTAchﬂdprecedeﬂxespaoeplal\gwefageographicareaor
space volume of interest and call in and vector the spaceplane (or vice versa).

Ancther energy management technique of great value is the use of aerobraking
to decrease the spaceplane velocity and heating when traversing the upper
atmosphere. The reusable aerobrake is especially valuable to the cislunar
spaceplane with entry maneuvers from high orbits and from geosynchronous
altitudes and beyond. ’

The high deita-velocity and propellant consumption required to perform a
abstantla!planed\angelnlowearﬂ\orbitanberedmedgreaﬂybym
aerodynamic lift in performing the plane change. This 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 drag and gravity and to inject and insert the spaceplane
into the final orbit. Vehicles with lift-to-drag ratios of 1.5 or more can benefit
substantially from the synergistic plane change as part of their energy management
for obtaining omnimissionality.
5.2.2.3 . 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 (TAVs)

Future Low-Earth-Orbit (LEO) logistics vehicles -

Air-launched LVs

Commercial ground-launched LVs

Ariane o ,
The key point is that one of the principal means for achieving omnimissionality
with the small spaceplane is for it to be compatible with as many LVs as possible.
The LV can then be selected to match the mission requirements, enabling 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. The smaller and
lighter the spaceplane the better, for mission flexibility with any LV.

5228  System Modularity An important means of increasing the adaptability of the
- spaceplane to missions is to use system modularity. The following are configura-
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 general, the larger the internal bay the
heavier the vehicle. External carry increases system performance and versatility.
Internal layout Flexibility in the packaging and relocation of internal subsystems.
For example, the option of removing internal propellant tanks while using external
tanks would substantially increase the internal volume available for mission needs,

including the option of carrying a second crew member.
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' Propulsion module(s) muditimofammmmuemmmm“

provide a large increase in the payload-velocity product. Man-rating available
upper stages, lease-craft, Orbital Maneuvering Vehicle systems (OMV) etc. as
propulsion modules for the spaceplane could increase mission flexibility. Deletion

of avionics and attxtude control equipment from the modula would result in lower

cost and su'nplicity relative to the fully equipped propulsion system. The
spaceplane's inherent capability in these subsystem. areas may prove sufficient to
include control of the module. ,

Buddy operation The previously discussed buddy type operations can be considered
modular - configurations, adapting the spaceplane to more missions and increasing
performance without the development or purchase of new equipment, requiring a
larger LV, etc. ,

Launch vehicle options The previously discussed LV options can be considered as
modular configuration elements enhancing omnimmionality and petformm -
matching the mission and payload.

Stage stations The distributed stage station cmptisdesignedtomwema-
period of time as many small space stations as possible for the lcwest cost. The
stage stations would serve as sanctuaries, logistic stations, navigation light ships,

- rendezvous points, relaxation and repair centers, etc. The concept is to design the

final stage of the LV to serve as a space station after its launch function is
complete. Because the stage stations would be inserted and left in or near the
orbits in which payloads and spaceplanes were inserted, they tend to be where the
traffic is, where they would be within reach. Their on-orbit availability increases
as their number increases. Launched on an otherwise expendable LV, they tend to
make the ELV in a sense, reusable indefinitely. Their low cost results from the
relatively small cost of the capability when designed into the stage from the
outset. AnALVdcetd\wlﬂ\astagestaﬁmasﬂ\eﬁpalszageis'shthecﬁm
6.3 and discussed in the context of spaceplane operations in Section 7.0. A key
feature of the stage stations concept is that they form a "distributed” space station

.with linkages such as communications and would be synergistic with the one or two

large space stations planned currently. The ALV example of a stage station depicts
atenfootdnameterﬁnalstaged\athastworooms,memeanptyhydroga\mk.
and the other the empty liquid oxygen tank. Ten foot diameter looms large to the
spaceplane pilot. Hundreds to thousands of pounds of supplies and equipment could
be available on the stage station. Similar services could be achieved with the
NASA space station. Spaceplane refueling at the large space station would be very
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cost effective. Changing crew, payloads, etc. would facilitate greatly the
on-orbit accomplishment and changing of missions. Future TAV and logistics
vehicles could provide support of the spaceplane and/or its payload and crew. In
each case, the smaller the spaceplane the easier it becomes to support.

5.22.5 RecoveryOptions An important means toward omnimissionality is the pro-
vision for recovery options. The spaceplane should be inherently capable of truly
autonomous self recovery. It should be capable of landmg safely at austere sites,
unprepared sites, "helicopter-compatible” sites. It should be capa.blé of reaching
and being stowed in as small a volume as possible in the Space Shuttle Orbiter for
recovery or refurbishment. The Orbiter could recover the spaceplane's crew,
payloads, propu!sion module, sidecars, etc.

5.2.2.6 Minimum Cost In addition to the capability to pertorm a multiplicity of
missions with the spaceplane, the cost of performing the missions must be
sufficiently low to warrant the spaceplane for their accomplishment. This is not to
stateﬂ\atead\mustbedmeatlmcostﬂ\anbyoﬂ\erpossiblemeans,bmtomahe .
the point that on the average the cost must be less. Acmtralpointhueisﬂnt
the spaceplane may enable the obviation of the development and procurement of
vehicles and propulsion systems capable of fewer uses and missions.

Each of the means toward omnimissionality which have been stated has its own
implications for minimizing costs as well, by contributing to the number of options
from which the mission configuration can be selected with criteria including
individual option cost, relative costs and cost-effectiveness. A key point is that
the flexible, high-performance spaceplane will result in cases where its payload-
velocity and other performance will enable a combination of tasks or missions per
fhght,ﬂ\erebymmgﬂtecostperudcbyslnﬂng. '

Letusmﬂerahrie!wmmotwmardﬂ\ehighrmn-m-imm-
ment of omnimissionality. The intent is to clarify that the means also imply the
reduction of mission cost. Selection of only the spaceplane "modules” required to
accomplish the tasks and the avoidance thereby of costly capability-overkill for
less than full-capability missions is a result. In partial summation:

o The smaller the spaceplane the larger its payload-velocity after jaunch by
the LV; the less the launch cost; the less the resupply cost of spaceplanes
and their support on orbit; and the more LV types are available. -

o Autonomous recovery and capability of landing at unprepared sites should
result in reduction of recovery cost by orders of magnitude. This could be
vital to spaceplane use as a research vehicle for space operations.
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\ 3 o On-orbit cacheability offers cost reduction by minimizing the round-trips.

g , o The use throughout of current technology reduces development cost,

Sl increases the reliability of costing and reduces risk. -

5.2.3 Operational Requirements Having considered the principal motivations and means
toward achieving the omnimissionality potential of the small cislunar spaceplane
we now consider their implication on operational requirements. We will then
transform logically these overall operational requirements into the more specific .
design requirements.

The foremost operational requirement is for full-envelope operation. This
requires that the spaceplane must be capable of cislunar, transatmospheric and

r

s

fe:

' 2 endoatmospheric flight and operations. Further it is required that the spaceplane
= be capable of flight routinely among these three components of the full envelope.
o) . Thus, on a particular sortie the spaceplane could return from cislunar operations,
# perform synergistic plane changes followed by operations in low to medium altitude
- orbits, reenter, perform tasks in the atmosphere and then land at an unprepared
E‘ site of the pilot's own choosing. Within this basic requirement, the spaceplane
. . must have the following specific operational capabilitiess
N E . o - Extravehicular activity operations must be routine. The speceplars and
o - the pilot's environment must facilitate EVA as often as desired during a
.
v

o The spaceplane must be capable of autonomous landing safely at an
austere site of opportunity and must permit final maneuvering for
selecting the site and performing landing at zero speed.

-0 ﬂ\espaceplanemustinherentlyhciliutelmmd\bylamd\vm
currently available and available in the future. "

o The spaceplane must be capable of both autonomous operations and
coordinated operations with other space and Earth systems.

These requirements are in support of operational military doctrine and the
minimization of the cost of suppor: and flight operations whether military,
research, commercial, or of other categories. By designing from the outset to
S meet the requirements of autonomous operation the probability of meeting the
ARSI requirement is maximized. It is consistent with military flight operations and the
need for a large reduction in the cost of operations. Expanding the requirement for

cost reduction, the requirement exists for substantial reduction of costs across the
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board from an operational point of view. Thus the spaceplane and its operations
are required to be low-cost on the average relative to other means of accomplish-
ing 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 possible
in an overall cost-etfective manner.

5.2A4 Conceptual Design Requirements The design raquirements for the spaceplane that
result from the above discussion and operational requirements are:

o

c e tacamece T et es

State-of-the-art systems and technology as the most advanced level but
lower level technology may be preferred for practical reasons such as
cost. R

Minimum weight and volume within practical reason.

Maximum payload-velocity should be achieved in spaceplane design.

Endoatmospheric energy management balance between the maximizing of

the lift-to-drag ratio (L/D) and the minimization of drag. This must be
done with the full consideration that the spaceplane is a cislunar vehicle,
not a payload-to-ground, internal-payload-volume vehicle. For example
the beneficial use of centripetal acceleration during chordal, . trans-
atmospheric passes must be included. The use of propellants for plane
changes in an optimal trade among weight, velocity losses, aerodynamic
shape, center-of-gravity control for stability and control, and control
surface hinge-moments/energy requirements presents a design problem in
which L/D is only one factor.

A reusable restowable aerobrake is required. The aerobrake subsystem
must be compatible with multiple operation per flight.

The landing system must be based on the flying-parachute or Parafoil.
Landing velocity should be centered on zero-velocity. Redundant Para-
foils are required for safety. »

The cockpit shall be un-pressurized while in space.

The spaceplane design will facilitate EVA as a normal routine operation.
Safe control of the spaceplane shall be maintained by the pilot while on
EVA. The spaceplane shall be designed to provide as much assistance as
possible to the pilot or others who are performing EVA activity in the
vicinity of the spacepiane. v '

The overall spaceplane system configuration and designs will exploit
modularity to provide the maximum omnimissionality and cost-effective-
ness.
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omnimissionality of the spaceplane. This observation resuited from examining the
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principal criterion for defining the operational requirements. The bullets indicate
strong, definiteness in correlation. The [b-deita v column represents
payload-velocity. The O psi column represents the non-pressurized cockpit
environment. an
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6.1 SPACE CRUISER CONFIGURATION FOR STAR RESEARCH
A key result from the analysis of the research vehicle application is that there
isnot a requirement to change the internal layout of the spaceplane from that of
Figure 2. Also important is the corollary evidence that should internal changes
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 capability in the Space
Cruiser was evident from the responses to the research 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 capability to rendezvous with satellites at any altitude, including those in ,
geosynchronous orbit. Although external propellant tankage or a propulsion module
such as the Centaur could provide the required energy to carry experimental
equipment or payloads to reach a higher satellite or satellites it has been a ground
rule to retain sufficient internal propellant reserves to return safely without
external propellant. Additional velocity would increase the capability for rescue
operations as suggested in one survey response. The improvement includes the

20 option to use added energy to reduce the orbital maneuvering time by enabling
D%‘ higher-energy but shorter duration transfer orbits. The input Cruiser configuration
. of Figure 2 is too limited in achieving velocity with internal propulsion.
B There are important changes therefore that are recommended to result in the
_ ‘\51-'3 STAR spaceplane configuration. The overall entry body shape should be changed
' 3 5} from the right-circular cone to the cone-ellipse. A number of significant
'."' ‘advantages result. Before the advantages are presented it should be clarified how
- K%‘ the internal layout is unconstrained by the reentry body change to an elliptical
;:';.::‘: cross section. _
“;:j The design concept is to design the outer airframe or reentry body to overlay
o the inner airframe or substructure which remains conical regardless of the final
PO shape of the outer airframe. The outer airframe can be termed the aeroshell. The
‘s inner airframe is termed herein, the substructure. The volume between the
D)

o aeroshell and the substructure is termed the auxiliary volume.

The principal advantages of the cone-ellipse are the increase in available
volume internal to the thermal structure, the opportunity to eliminate wings or
strakes, and an increase in L/D while retaining a low value of drag, perhaps
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decreasing drag. The elimination of wings or other appendages that aggravate the
heating problem by creating shock interference and radiation against each other
appears desirable from a thermal viewpoint. The top-and-bottom symmetry is
retained sufficiently to permit the Space Cruiser to fly with top and bottom
windward alternatively. This is not possible with the flat-bottomed, winged
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 method. 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, cruciform configuration will 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 sectlon
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
ﬁuantified, the Space Cruiser operates at the high-slope section of the logarithmic
rocket equation cﬁrve. 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 auxiliary 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. This 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 for
packaging, reliability, etc. Once in orbit, the thrust level of the PCE is relatively
unimportant because flight is at low flight path angles, resulting in very low
gravitational velocity-losses. A small reduction in delivered specific impulse

‘results from operating with fewer nozzles but the advantage of increased available

energy makes this consideration moot.

Another reason for the cone-ellipse and the elimination of wings is the option
to design the asroshell and substructure as a system such that the aeroshell can be
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removed as a unit readily and replaced. This feature has several important uses. It
provides for rapid replacement of the aeroshell when required, eliminating the
impact of aeroshell refurbishment on Space Cruiser turn-around time. It provides
the means for conducting research on/with the aeroshell without modification of
the substructure and core vehicle. The 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 changes, structural research and
materials research.

The availability of auxiliary-volume propeilant 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. The 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 while the nose section is folded
aft alongside. The location of the spherical tanks centered about the Cruiser's
center of gravity allows the additional crew position with no significant change in
CG location. The two-crew-member configuration can be used for example for
astronaut rescue. and recovery to earth. When the auxiliary tanks contain

 propellant the CG translates aft. This is unacceptable for entry. Therefore, the
operational practice would be to use the auxiliary propellant first, permitting
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
3. The evident changes are the low-eccentricity elliptical cross section and the
deletion of wings.

6.1.1 Centaur-SP

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 additiona: 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 5. |

.’; 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
2

(or removed) to provide an additional cargo bay space approximately' 12 feet long.
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6.1.2

6.1.3

6.1.4

"~ The RL-10 Derivative 1B engine was recommended for the Centaur-SP. It
uses an extendable exitconeandcmopeateatmredwedt!rustlewdswhen
required. Pumped idle provides approximately 3700 Ibf and tank-head idle provides
approximately 150 Ibf. The delivered specific impulse at full thrust of 15,000 Ibf is
472 sec with a mixture ratio of 5.0.

Parafoil Performance (References 2 and 3)

The total recovery weight of the Space Cruiser is conservatively assumed at
5,000 Ibm for sizing the Parafoil. The steady-state gliding performance with
Parafoil deployed is given in Figure 7. The ability of the Parafoil to land with 2
velocity close to zero has been demonstrated many thousands of times . : Parafoil
sport jumpers and by various Department of Défense system demonstrations. The

* Parafoil is superior to the parachute by the L/D ratio. For an L/D = 6, the Parafoil

has approximately one-sixth the rate of sink. The flare maneuver is quantified by
Figure 8. |
Payload-Maneuverability _

" The principle flight performance measures of the Space Cruiser are:

o Payload-velocity

o  Zero-speed landing v _ : -

o Plane change capability :

o Atmosphere penetration
The basic result of payload-velocity is payload-maneuverability. Payload-velocity
is the change in velocity, deita-V, that the spaceplane can give to a payload as a
function of the payload weight and the spaceplane’s configuration. 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 cf velocity into typical maneuvers in space is for concept
purposes a handbook matter. We can evaluate vehicular performance compre-
hensively in terms of payload-velocity without loss of generality. Several example
maneuvers should then serve to present the transformation of payload-velocity to
payload-maneuverability. Payload-veiocity is an excellent and revealing nieasure
for comparative evaluation of different space vehicles ar.d among configurations of
a particular space vehicle. ' '
STAR Space Cruise: Performance The payload-velocity of the STAR Space Cruiser
is given in Figure 9. The vacuum delivered specific impulse of the Aerojet plug-
cluster engine with all nozzles operating is 316.35 sec. The individual nozzles or
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‘ ?( , Figu'e 9 STAR Space Cruiser Payload-Velocity
: modules have a speaﬁc impulse of 311.66 sec with chamber pressure = 188 psia.
- 2: _ Fue! flow is 0.27 Ibm/sec and oxidizer flow is 0.33 lbm/sec, for a total flow rate of
g% 0.60 lbm/sec. The PCE diameter is 43.55 in. and its length is 13.33 inches. The
ot~ module thrust is 188 Ib and the PCE thrust is 3058.12 lb. . -
.3. - ‘rhetotalwenghtofthePCEisSSIbm. The useable propellant from the
: ‘; spherical tanks is 1,300 lbm. The conformal auxiliary tanks provide an adqiﬂaul
AN 4,500 lbm of propellant for the STAR configuration presented herein with an
éb' ! elliptical cross-section with an eccentricity of approximately 0.707. Becanse the
T . auxiliary volume is directly proportional to the semi-ma;or axis of the el.liptial
“‘,. cross-section and L/D increases with an increase in eoeentrmty, the auxiliary
‘}‘,.i: propellant volume is believed to be conservatively estimated. A nose baliast
.. wexghtofwzlbmwasincmded,oorr«pmdingwmpayloadinthepaylmdbays.
- This value decreases if a payload is located in the forward bay and remains
5: approximately the same if payloads are located in both bays.
_;§_:‘ 'The maximum delta-V achievable by the Space Cruiser with zero payload is
N 8,700 fps. A velocity of 8,075 fps is provided to a payload of 500 lbm. 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 externally.




10.0 RECOMMENDATIONS

As a result of the STAR study the following recommendations are made:

l.

3.

4.

5.

It is recommended that the Air Force consider the need for the STAR research
vehicle thoroughly. This consideration should include the evaluation of the potential
for dramatic reduction in Air Force funding required for acquisition and use of the
Space Cruiser as a result of cost-sharing.

It is recommended that a balanced, technical joint DARPA/Air Force/Industry
working group be organized by the Air Force to specify the key technical questions of
and the key needs for the research vehicle.

It is recomrnended that the Strategic Air Command and the Space Command examine
the operations capabilities of the full-envelope STAR Space Cruiser and its enabling
of operational requirements.

From a technical development point of view there are several concepts introduced by
the study that appear to warrant further work. Recommended are:

(a) The air launched launch vehicle concept for launch from under the 737-200F.

() The distributed, stage-station concept.

(c) The use of the Parafoil type deployable surface for maneuvering in the upper
atmosphere at entry speeds. This work should include analysis of flying to the
ground with the Parafoil.

Examination of man-rating and adapting the MX booster as a launch vehicle is
recommended. Launch sites, support and cost should be included.

It is recommended that funding for the Space Cruiser and STAR concept development
be continued until the consideration of the STAR research program has resulted in a
decision to move ahead or end the project. It is recommended further that one or
more major system manufacturers be funded to detail the Space Cruiser and STAR
program work to provide development and operational schedules and costs.
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- APPENDIX B

” SURVEY LETTER AND SAMPLE REPLIES

Y This Appendix contains the DCS Corporation survey letter with attachments and

R copies of suggested tasks submitted by four different corporations in response to the

. survey letter.
D2 | -
The responses included herein were selected on the basis of being more complete

b and detailed and also on the basis of presenting the most realistic and promising of the

b tasks. Responses suggesting tasks for each of the three broad categories of tasks were

5 selected: The Air Force Aerospace Medical Division and LTV Aerospace and Defense

') Company recommended tasks that could be accomplished by the Space Cruiser; the
e Aerojet TechSystems Company suggested projects that should be accomplished for the
,: Y development of the Space Cruiser; and the Emerson Electric Company and Ball Aerospace
"-; ) , Systems Division recommended operational applications of the Space Cruiser. These

a letter responses and their suggested tasks are also included in this appendix. -
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